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Anthropometric Profile and Its Correlation to Insulin Resistance in Female Students with Obesi[t}y Commented [A1]: Edit all those marked in RED to follow
Food Research format

Ll-\bstracﬂ revised

The prevalence of obesity in adolescent girls is increasing each year. Several anthropometric %memed: Highlight

measurements can be used to detect the incidence of insulin resistance. This study aims to observe the Formatted: Highlight
correlation of anthropometric profiles with insulin resistance in adolescent girls with obesity. This was
an observational study with a total of 120 female students of Universitas Diponegoro (Undip), aged
between 18 and 21 years old, who have waist circumference >80 cm. They were chosen by a kimple
random sampling technique. Anthropometric profile data taken M has consisted of waist
circumference, hip circumference, waist-hip circumference ratio (WHR), waist-to-height ratio (WHtR),
neck circumference, W]waist circumference, thigh circumference, and 2D:4D digit ratio. Insulin

Commented [A2]: What are the conclusions of this study?

Commented [A3R2]: Anthropometric profiles such as
WHTLR, neck circumference, and thigh circumference were
correlated of insulin resistance in female adolescent with
obesity.

\

Commented [A4]: a simple

resistance data was determined using the Homeostasis Model Assessment-Insulin Resistance (HOMA-

IR.). Bivariate analysis was completed with the Spearman Rank test. There was 83.3% of subjects who \ Commented [ASR4]: revised
[experienced [insulin resistance. High WHtR was found in 98.3% of total subjects as many as 90.8% of Commented [A6]: has consisted
subjects were at risk based on WHR values. Based on 2D:4D ratio digits, neck circumference, wrist \ Commented [A7R6]: revised

circumference <50% of subjects were found as at risk. There was no correlation between waist
circumference, WHR, wrist circumference, 2D:4D digit ratio with HOMA-IR (p>0.05). However, there was
a positive correlation between WHtR, neck circumference, and thigh circumference with HOMA-IR
(p<0.05) Anthropometric profiles such as WHtR, neck circumference, and thigh circumference were
LseFFe\laﬁen[correlatedpf insulin resistance in female adolescent with obesity.

Commented [A8]:
Commented [A9R8]: revised

Commented [A10]: who experienced

Commented [A11R10]: revised

Formatted: Highlight
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Commented [A12]: correlated

Commented [A13R12]: revised

[Keywords: Adolescent; Anthropometric Indicator; Insulin Resistance; Obesity.\

Formatted: Highlight

1. Introduction
Commented [A14]: revised

Nutritional status in adolescents is very important since adolescence is a transition period from
/{ Commented [A15]: childhood

[childrenl to adulthood. This transition causes biological, psychological and cognitive changes that
influence their nutritional status (Brown et al., 2011). However, nutritional status problems in -‘\{“mme“te“‘ [A16R15]: revised
adolescents are still fairly high, including obesity. hhe] [Prevalencel of central obesity 15 years \[

adolescents and older has increased from 26.6% in 2013 to 31% in 2018 (Badan Penelitian dan
Pengembangan Kesehatan, 2018). Obesity incidence will later be associated with degenerative
diseases. Women-*irs]are at higher risk of suffering from degenerative disease, while Indonesian Basic
Health Research 2018 results reports the prevalence of stroke, diabetes mellitus, heart disease, and
hypertension is found higher in women than men (Badan Penelitian dan Pengembangan Kesehatan,
2018). Indonesian Basic Health Research 2018 results also k&a&es{state that women and people live
in urban areas of all ages have high prevalence of diabetes mellitus (Badan Penelitian dan
Pengembangan Kesehatan, 2018).
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Formatted: Highlight

Commented [A17]: overview of problems associated with
metabolic disease in this age group. prevalence of central
obesity in the age group over 15 years

Commented [A18]: The prevalence

Commented [A19R18]: revised

R Formatted: Highlight
Commented [A20]: are

Type 2 diabetes mellitus is caused by insulin resistance, a condition in which patient’s body is \\
unable to absorb glucose (Srikanthan et al., 2016). Study in Semarang City showed that 96.1% of \\ch“me“ted [A21R20]: revised
adolescents experienced insulin resistance which was measured by Homeostasis Insulin Resistance \TCommented [A22]: state
Assessment Model (HOMA-IR) (Nuraini et al., 2017). HOMA-IR is a formula for calculating insulin Commented [A23R22]: revised
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resistance based on fasting blood sugar and insulin levels. Its measurement is simple, inexpensive,
often used and has been validated by the clamp method (Sumarni, 2017).

Formatted: Highlight

actively undergoing lipolysis (Sumarni, 2017). Recently, several measurements of the body's

Commented [A24]: Do not use & in your manuscript.

anthropometric profile that can describe the incidence of central obesity are reported, where the /

|

measurements are done easily. Central obesity in adolescents can be described generally using

One factor causing insulin resistance is central or abdominal obesity as abdominal fat is more A
I
measurements of waist circumference and hip waist circumference ratio (WHR). Some studies also /{

mention that waist circumference and WHR have a significant correlation with insulin resistance

(Sumarni, 2017). Formatted: Highlight

In addition to waist circumference and WHR, other anthropometric profile measurements are Formatted: Highlight

also progressively more used, namely Waist-to-Height Ratio (WHtR). WHtR describes central obesity | Commented [A26]: the correlation

in adolescents with more accurate results than Body Mass Index (BMI) (Ashwell & Gibson, 2016; | Commented [A27R26]: revised

[SaraswatiASSand Sulchan12016; Yang et al., 2017). Study in Mexico demonstrates WHtR as a better
tool in identifying cardiometabolic obesity in adolescents used to predict hypertension and insulin

Formatted: Highlight

resistance (Rodea-Montero et al., 2014). Other studies conducted in Semarang also showed the Formatted: Highlight

]qorrelationlbetween WHTtR and increasing insulin resistance (Asnelviana et al., 2017). Formatted: Highlight

Commented [A28]: the indicator.

A\

Wrist circumference can also be utilized as the indicatolr. Studies conducted in late adolescents

in Indonesia, show wrist circumference as one of the anthropometric measurements that can predict ~__ | Commented [A29R28]: revised
obesity and insulin resistance in late adolescents. Wrist circumference reflects bone in the wrist area Formatted: Highlight
as well as peripheral fat distribution and metabolism thus it can measure one’s body frame and bone Formatted: Highlight

size easily (Fitriyanti, Tjahjono, et al., 2019).

Formatted: Highlight

Another measurement of anthropometric profiles that can be used to predict metabolic Formatted: Highlight

v

syndrome in adolescents is the measurement of neck circumference. Some Etudigylshow correlation //A[ Commented [A30]: studies

between neck circumference with insulin resistance (Liang et al., 2014; Saneei et al., 2019). Neck
circumference can represent upper-body subcutaneous adipose tissue that plays a role in predicting

Commented [A31R30]: revised

insulin resistance and type 2 diabetes (Saneei et al., 2019). Formatted: Highlight

Formatted: Highlight

el

In addition, measurement of thigh circumference can also predict metabolic syndrome in

F tted: Highlight
adolescents since it reflects central adiposity (Bando et al., 2017). Results of a study conducted in ormattec: Tion'g

Korea show that thigh circumference is positively related to insulin resistance (Park et al., 2012). Formatted: Highlight

Several studies also explain that thigh circumference is a good indicator in determining type 2 Formatted: Highlight

diabetes mellitus 2 (Jung et al., 2013; Ting et al., 2018). Commented [A32]: The ratio

Recently, it has been reported that there are other anthropometric measurements as indicators Commented [A33R32]: revised

in predicting metabolic syndrome disease, namely The Ratio of Second to Fourth Digit Length (2D:4D) Commented [A34]: A low

(Endang Purwaningsih, 2016). The Ratio[ of the length of the index finger and ring finger (2D:4D) can

Commented [A35R34]: revised

describe the exposure to the hormone estrogen and prenatal testosterone. A study has shown that -
Commented [A36]: A high

NN

a_]low[ digit ratio is associated with high testosterone levels in men, while_a ]high] digit ratio is )
associated with low testosterone levels in women (Kumar et al., 2016). The size of digit ratio occurs Commented [A37R36]: Revised

since the end of the first trimester of fetal development (Oyeyemi et al., 2014). Inappropriate Commented [A38]: to

exposure |gf to -androgen hormone can cause Polycystic Ovary Syndrome (PCOS), causing infertility —| Commented [A39R38]: revised

in premenopausal women. Women who experience PCOS often have metabolic diseases such as Commented [A40]: REVISED

hypertension and insulin resistance (White et al., 2017). The btudylstates that digit ratio is correlated

NN

Formatted: Highlight
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81 with obesity, which is a risk factor for metabolic disease (Golge et al., 2016). There aren’t many

o J o U

82 studies showing the relationship between digit ratio with insulin resistance.

83 In this study, we want to find out the portrayal and correlation of anthropometric profiles (waist

84 circumference, WHR, WHtR, wrist circumference, neck circumference, thigh circumference, and

85 second to fourth digit ratio) and insulin resistance in female adolescents with obesity.

86 2. Materials and methods

87 2.1 Design, location, and time
| 88 This is an observational study and Mincluded] within the scope of community nutrition [Commented [A41]: Is included

89 science. This research conducted in Universitas Diponegoro Semarang, Indonesia at 10 Faculties
| 90 linlfrom June until August 2019. There were 1,260 female students who participated ing[screening [Commented [A42]: from

. . . N

91 prog.ra.m. The .entlr.e studY was approved by the Health StU(.jy Ethics Co'mrr.uttee (KEPK) Faculty of \{Commented [A43]: a screening

92 Medicine, Universitas Diponegoro/Central General Hospital dr. Kariadi No. 373/EC/KEPK/FK -

93 UNDIP/VIII/2019. Formatted: Strikethrough

94 Formatted: Strikethrough

95 2.2 Samplings

96 Subjects of this study were 120 students from Universitas Diponegoro who were selected /{Commented [A44]: The subject’s

97 through simple random sampling, according to the following inclusion criteria: aged 18-21 years %Commented [A45R44]: revised

98 old, had 80 cm or more waist circumference, had intact fingers on both hands, were not currently //{Commented [A46]: the subject’s

99 consuming drugs that could affect the blood glucose and insulin levels, were willing to do fasting
100 for at least 8 hours, did not smoke and/or consume alcohol, were not sick or in the care of a e e [ e
101 doctor, did not do heavy physical activity or exercise, were not pregnant and breastfeeding, were Commented [A48]: The subject
102 willing to be the subject of study by filling out informed consent. The exclusion criteria in this Commented [A49R48]: revised
103 study were Isubject’usithdrawal from the study. TheHsubjecleoved to another university, and ///{Commented [A50]: the
18: th_elsubjecﬂ’_s passed away within study perlod.\ \[Commented [AS1R50]: revised
106 2'13 Data col/ectecﬂ Commented [A52]: the subject
107 Independent variables in this study were the anthropometric profile consisted of waist Commented [A53R52]: revised
108 circumference, waist-hip circumference ratio (WHR), Waist-Height Ratio (WHtR), neck Commented [A54]: The subjects
|109 circumference, wrist circumference, thigh circumference, and the ratiolof index finger length and Commented [A55R54]: revised
110 ring finger (2D:4D). The dependent variable in this study was insulin resistance. \

. . . . . Commented [A56]: By whom was data collected?

|111 Waist circumference data were obtained from waist circumference measurements

112 measured at the midpoint between the iliac crest and costal margins (lower ribs) using a medical Commented [AS7R56]: how to measure each data has

. i . . . X . been described in the research method. Anthropometric
113 measuring tape with 0.1 cm precision/ Subjects used minimal clothing (Yang et al., 2017). Subjects NV i o il cm ety oy reseandiers, sty dkis
114 were considered at risk when waist circumference was 80 cm or more (Saklayen, 2018). \\ | were taken by laboratory workers
115 WHR data was obtained from the waist circumference to hip circumference ratio. \ Commented [A58]: the ratio
116 Measurement of pelvic circumference was done by medical measuring tape with 0.1 cm precision.  {\\\ -

S . - . . - . 1\ | Commented [A59R58]: revised
117 The Pelwc{arcumference is measured by determining the widest points on the buttock (Fitriyanti, \ Y
118 Tjahjono, et al., 2019). Subjects are categorized as risky when WHR was more than 0.85 (Saklayen, \\ Commentec]SE0IIVETS
119 2018). \\ Commented [A61R60]: revised
120 Data on the ratio of waist circumference and height (WHtR) was obtained from \\\Y Formatted: Strikethrough
121 measurements of height and waist circumference of the subject. Height was measured using a \ {Formatted: Strikethrough
122 microtoise with 0.01 cm precision. The subject stands without using footwear and accessories \
. . . Commented [A62]: The pelvic

123 above the head. Subjects were considered at risk when WHtR was 0.5 or more (Zhang et al., 2016).

YCommented [A63R62]: revised
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124 Neck circumference was measured by medical measuring tape with 0.1 cm precision. Its

|125 measurements in women ere done by subject’s upright head position and were forward- [Commented [A64]: were }
126 facing ]eyes, and then horizontally measured just below the protruding larynx. \[Commented [AG5]: were }
|127 Wrist circumference da ta }Nastere measured using medical measuring tape with 0.1 cm -
128 precision. Its measurement was done by placing the medical measuring tape horizontally on the Formatted: Strikethrough }
129 distal side of the ulna protrusion, around the wrist. Wrist circumference measurement results \ Formatted: Strikethrough }
130 were divided into 3 categories: small if subjects whose height less than 155 cm had wrist \ Commented [A66]: forward-facing }
131 circumference less than14 cm, subjects whose height 155-163 cm had wrist circumference 15.2 \ Commented [A67]: were }
132 c¢m, subjects whose height more than 163 c¢cm had wrist circumference less than 15.9 cm; {Formatted: Strikethrough }
133 moderate if subjects whose height less than 155 cm had wrist circumference 14-14.6 cm, subjects \ -
134 whose height 155-163 cm had wrist circumference 15.2-15.9 cm, subjects whose height more [Formatted: Strikethrough J
135 than 163 cm had wrist circumference 15.9-16.5 cm; large if subjects whose height less than 155 Commented [A68]: were J
136 cm had wrist circumference more 14.6 cm, subjects whose height 155-163 cm had wrist Formatted: Strikethrough ]
137 circumference more than 15.9 cm, subjects had height more than 163 cm have wrist \{Formatted: Strikethrough J
138 circumference more than 16.5 cm (Nabila et al., 2018).
139 Thigh circumference was measured by a medical measuring tape. Subjects were standing and
140 wearing ask-i-t—t—le lfe_wclothes as possible. Thigh circumference was measured 10 cm above the [Commented [A69]: few ]
141 upper right patella. After that certain point was marked, the hape—] is placed horizontally and \\f Formatted: Strikethrough ]
142 encircles the thigh (Bando et al., 2017). Commentc;d TATO]: the tape ]
143 2D:4D ratio digit data is measured by a caliper with 0.001 mm precision. Measurements were
|144 made with the position of the palm of the hand open (Wu et al., 2013). The length of thiei[ndext///[ Commented [A71]: the index ]
145 finger or second finger is the length of finger measured from the midpoint of the second
146 metacarpophalangeal joint and the most distal point of the second finger. The length of the ring
147 finger or the fourth finger is the length of the finger measured from the midpoint of the fourth
148 metacarpophalangeal joint and the most distal point of the fourth finger. 2D:4D ratio digit data
149 was obtained from the length of the second finger divided by the length of the fourth finger. The
150 ratio digits were kenﬂdem#considered high when the result [showl§ more than 0.9811 for the right {Commented [A72]: considered }
151 hand and more than 0.9821 for the left hand (Balci et al., 2018).
152 Insulin resistance data was determined using HOMA-IR values. Measurement of Homeostasis Commented [A73]: shows ]
153 Insulin Resistance Assessment Model (HOMA-IR) based on fasting blood glucose and fasting
154 insulin level with the following formula (Nuraini et al., 2017):

Fasting Insulin (mTU) x Fasting Blood Glucose (mTOI)
155

22,5

156 Threshold of HOMA-IR value for adolescents is less than 1,65 (Nuraini et al., 2017). This blood
157 sampling was in collaboration with Sarana Medika laboratory.
158
159 2.4 Data analysis
160 Data normality test was performed through Kolmogrov-Smirnov test. We used univariate
|161 analysis to describe each variable. Bivariate analysis was completed by Spearman Rank test. /{Formatted: Highlight ]
162 Bivariate analysis was performed to see whether there was a correlation between anthropometric Commented [A74]: Results J
igi profiles and insulin resistance. Commented [A75]: What about confounding variables in

this study?
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3. Table 1 described the anthropometric profile of the subjects. The median body weight
was 66.6 kg. The median waist circumference and pelvic circumference were 85.75 cm and 103.5 cm,
respectively, while the median WHR was 0.84 + 0.23. Based on table 1, the median neck
circumference, wrist circumference, WHtR was 32.5 cm, 15 ¢cm, and 0.55 c¢cm, respectively. The
characteristic of the subjects could also be seen in table 2. Table 2 showed that all subjects (100%)

had less than 80 cm waist circumference which meant they were at risk of developing metabolic

syndrome. Another anthropometric profile showed that 98.3%of kubjects] (n=118) had high WHtR [Commented [A76]: of subjects

values. Based on WHR, as many as 90.8%_of the }subjects] (n=108) were at risk. A total of 83.3%

//{ Commented [A77]: of the subjects

subjects (n=100) also experienced insulin resistance as seen from the HOMA-IR value >1.65.
However, anthropometric profiles, specifically neck circumference, wrist circumference, 2D:4D digit
ratio of right hand; 2D:4D digit ratio of left hand, showed that less than 50% of subjects are at risk
(10.8%; 21.7%; 39.2%; 44.2% respectively).

The correlation of anthropometric profile and insulin resistance incidence determined by
HOMA-IR was shown in Table 3. Anthropometric profiles having a significant correlation with HOMA-
IR were neck circumference (r=0.271; p=0.003), WHtR (r=0.33; p <0.001) and thigh circumference
(r=0.224; p=0.014). Based on the analysis, higher the value of the neck circumference, thigh
circumference, and WHtR, higher the HOMA-IR score. Table 3 also showed that waist circumference
had no correlation with HOMA-IR (r=0.151; p=0.1). There was also no correlation between wrist
circumference and HOMA-IR (r=0.12; p=0.19). In addition, there was no correlation between WHR
and HOMA-IR in the study subjects (r=-0.019; p=0.836). Based on the analysis, other anthropometric
profiles having no correlation with HOMA-IR were 2D:4D right hand digit ratios (r=0.139; p=0.129)
and 2D:4D left hand digit ratios (r=0.169; p=0.065).

4. Discussion

Late adolescents, especially women, have the risk of experiencing metabolic syndrome. Based
on this study results, 83.3% of subjects experience insulin resistance determined by HOMA-IR. Since
2007, the Genome Wide Association Studies (GWAS) have identified around 88 loci associated with
the risk of developing type 2 diabetes mellitus where most of the loci are related to insulin secretion

and pancreatic beta cell function, causing insulin resistance associated with obesity (LA. E. Brown ASe_/[ Formatted: Strikethrough

and Walker, 2016]). Study conducted in Semarang City also showed that 96.1% of subjects
experienced insulin resistance determined by HOMA-IR (Nuraini et al., 2017).

—| Commented [A78]: Do not use & in your manuscript.

More than 50% of subjects of this study have high WHtR and WHR values.The [Study conducted »—//[Commented [A79]: The study

in Jepara shows that 26.94% of adolescents experience abdominal obesity as seen from WHtR values

of above 0.45 (%zizah & and Sulchan, 2016]). Other study conducted at the Faculty of Medicine {Commented [A80]: Do not use & in your manuscript.

Universitas Riau demonstrates that 44.1% students experience central obesity as seen in the ratio

waist-hip circumference (Jannah et al., 2015). For women of reproductive age, fat storage is Formatted: Strikethrough
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centralized in certain areas to protect important reproductive organs. This increases the risk of high
WHR in women (Jannah et al., 2015).

Based on the analysis, neck circumferencekﬁa&-a—ee#e\laﬂen‘correlates with Homeostasis Model [Commented [A81]: correlates

. . . .
Assessment for Insulin Resistance (HOMA-IR), where the greater the necl{ circumference of the \fFormatted: Strikethrough

subject, the higher HOMA-IR value. AJStudﬁ in China shows that neck circumference has a significant

C ted [A82]: Th k
correlation with insulin resistance assessed by HOMA-IR (Liang et al., 2014). Previous case studies in \£ ommented [A82]: The nec
Public Senior High School 2 Semarang and Public Junior High School 9 Semarang also stated that neck Commented [A83]: A study

circumference has a_fsigniﬁcant]correlation with fasting blood sugar (Mayasari & Wirawanni, 2014). [Commented [A84]: A significant
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Neck circumference is an easy anthropometric measurement. It can reflect_the [central Ebesity /[Commented [A85]: The central

index and is associated with several cardiovascular risk factors such as dyslipidemia, hypertension,
hyperuricemia, and insulin resistance. It is also considered an estimation of upper-body
subcutaneous adipose tissue which plays a role in predicting insulin resistance and type-2 diabetes

(Nabila et al., 2018). The !R[eleastﬂ of excess free fatty acids associated with lupper;—bod‘y //[Commented [A86]: The release

subcutaneous fat, explicitly the neck, can be one mechanism to explain the correlation between neck Commented [A87]: Upper-body

circumference and insulin resistance [(Ebbert‘& and Jensen, 2013).|
Lipolytic function and releasing rate of free fatty acids in upper body subcutaneous fat is found

Commented [A88]: Do not use & in your manuscript.

higher than lower body subcutaneous fat. Excessive free fatty acids in muscles and other tissues -
Formatted: Strikethrough

induce the body to use more free fatty acids as energy. They will also inhibit glucose oxidation,

causing insulin resistance ‘(EbbertA& and Jensen, 2013]). Increased free fatty acids also play a role in Commented [A89]: Do not use & in your manuscript.
increasing VLDL production and inhibition of insulin clearance which induces insulin resistance. In
addition, neck circumference is also positively correlated with Aftotal Hat body and visceral fat which Formatted: Strikethrough

are related to biological parameters of insulin resistance. Two perivascular ectopic fat depots are also \(Commented [A90]: A total

found in the neck region. Adipokine secretion, such as leptin, adiponectin, and interleukin-6, from

perivascular ectopic fat Hepoﬁ%s]—causes metabolic dysfunction including insulin resistance (Saneei //[ Commented [A91]:

«J U A U

et al., 2019).

Subjects with large neck circumferences have a greater risk for obesity (Saneei et al., 2019).
Subcutaneous fat has a major role in the association of insulin resistance and obesity (Sri Yuliani et
al., 2017). Insulin resistance is an important complication of obesity which causes hyperglycemia and
impaired glycemic parameters (Saneei et al., 2019).

Waist to Height Ratio (WHtR) is a good predictor in determining insulin resistance in the

[individual] with obesity (Jamar et al., 2017). Based on the analysis, WHtR has a correlation with [Commented [A92]: The individual

HOMA-IR, where the greater the WHtR score, the greater the value of HOMA-IR. A study conducted
in Australia on the correlation of WHtR and metabolic syndrome in adolescents and children with

obesity, resultﬁ in a correlation between WHtR and HOMA-IR (Nambiar et al., 2013). Other studies //[ Commented [A93]: Results

conducted in Korea also find that high WHtR values in obese adolescents would affect the incidence
of insulin resistance measured by HOMA-IR (Lim et al., 2015).
WHTtR plays a role in measuring central obesity which is often associated with metabolic

disorders, An lincrease \in fat tissue will promote increase in adipokine secretion. This can increase [Commented [A94]: An increase

insulin resistance. The most important [adipokin[eg is TNF-a which plays a role in inducing insulin //{Commented [A95]: adipokines

resistance through glucose transporter 4 (GLUT-4) and increasing the release of free fatty acids.
Increased transfer of free fatty acids to muscles results in increased intracellular fatty acid
metabolites such as diacylglycerol, ceramide, and acetyl-CoA. These metabolites will activate the
serine pathway or threonine kinase that reduces the ability to activate insulin receptors. Hence, it

can cause insulin resistance when occurs in the long f(ermasht can damage visceral adipocyte B cells [Commented [A96]: term

(Asnelviana et al., 2017).
Based on the statistical test results, we find a correlation between thigh circumference and

insulin resistance as measured by HOMA-IR. This finding is in line with_the %tudﬂ%[ Commented [A97]: the study

which shows the result that thigh circumference is positively related to HOMA-IR. The greater the

thigh circumference, the greater the risk of insulin resistance (Park et al., 2012).49#}«* another -study /[ Commented [A98]: another

in Korea explains that the measurement of thigh circumference is an indicator of diabetes marker

(Jung et al., 2013). The !Stud% conducted in Taiwan also shows the left thigh circumference is a //[Commented [A99]: The study

significant predictor of determining type 2 diabetes mellitus 2 (Ting et al., 2018). Large thigh
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circumference not only indicates greater muscle mass, but also an increase in femoral subcutaneous

fat mass. Lower muscle mass and subcutaneous fat in the hhigh] are associated with insulin resistance [Commented [A100]: The thigh

which results in hyperglycemia and diabetes (Ting et al., 2018). Subcutaneous fat in the thighs is a
metabolism of circulating fatty acids that are circulating because there is a difference in lipolysis
activity between subcutaneous fat in the abdomen and thighs. Subcutaneous fat in the thigh is

wasting_the metabolism] of circulatory fatty acids as there is a difference between [Iypolyisis lactivity [Commented [A101]: the metabolism

of abdominal and thigh subcutaneous fat. Subcutaneous fat of the thigh tends to take fatty acids \\£Commented [A102]: lipolysis

from the bloodstream, thus preventing the liver, pancreas, and ectopic fat such as the muscles from
being exposed to high fatty acids (Nugraha et al., 2019).
Based on the study analysis, no correlation is found between neither waist circumference nor

waist-hip circumference ratio with insulin resistance. This finding is contradictory to_a [study‘/[commented [A103]: a study

conducted on adolescents in Korea which shows the results that waist circumference and waist-hip

circumference ratio have ﬂsignificanﬂ correlation to HOMA-IR (Lim et al., 2015). Waist circumference [Commented [A104]: a significant

and waist-hip circumference ratio can be used as a screening tool to detect the incidence of
abdominal obesity which can cause metabolic disorders such as insulin resistance (Fitriyanti, Sulchan,
et al,, 2019).b

However, a study conducted in Manado about the correlation] of waist circumference and blood [Commented [A105]: the correlation

sugar levels shows no correlation between waist circumference and blood sugar levels among
teachers at the Middle School and High School Eben Haezar Christian Manado. Other study held in
Ngawi also shows no correlation between waist circumference and blood sugar levels in early
adulthood (Manungkalit et al., 2015). Several other studies, including a study conducted at the Pusti
Pidie Health Center, show no correlation between waist circumference ratio pelvis and blood sugar

among Community Health Center’s employees ([MulyaniA& and Rita, 2016]). The study states that the {Commented [A106]: Do not use & in your manuscript.

ratio of waist-hip circumference is not an extremely decisive factor in increasing blood sugar levels

as many other factors influence the increase in blood sugar levels. hherefor[g other anthropometric Formatted: Strikethrough

measurements need to be carried out (Mulyani & Rita, 2016). Commented [A107]: Therefore

o

Wrist circumference is a strong predictor of diabetes (Jahangiri Noudeh et al., 2013). Wrist
circumference is an easily measured anthropometric parameter that can determine body frame and
bone size. Increased bone mass will also be associated with hyperinsulinemia (Fitriyanti, Tjahjono, et

al., 2019). However, in this study, wrist circumferencelhas—ne—eer—Fe\laﬁen \does not correlate with [Commented [A108]: Does not correlate

HOMA-IR. Inconsistent with the istudy ]conducted by Kusmiyati et al. in 18 years old adolescents, \\£ Formatted: Strikethrough

which demonstrates a correlation between wrist circumference and fasting insulin and HOMA-IR in
Commented [A109]: The study

U

both male and female adolescents (Fitriyanti, Tjahjono, et al., 2019). However, the study conducted
by Rumaisha et al. about the correlation of wrist circumference and the blood glucose level among

obese women shows no correlation between wrist circumference with fasting blood glucose., [Commented [A110]: Another

another study conducted at Public Senior High School 6 Semarang also results in no correlation \[Formatted' Strikethrough

between wrist circumference with fasting blood glucose levels [(Arifin & and Panunggal, 2014),
Factors influencing HOMA-IR values were fasting blood glucose and fasting insulin levels, where

Formatted: Strikethrough

higher glucose levels fasting blood means higher the HOMA-IR value in the subject (Mitrea et al.,

Commented [A111]: Do not use & in your manuscript.

2013). Formatted: Strikethrough

The Second to Fourth Digit Ratio (2D:4D) can be used to evaluate prenatal androgen exposure

in the postpartum period. The Homeobox genes, HoxA and HoxB, are responsible| for urogenital /{Commented [A112]: Do not use & in your manuscript.

differentiation, prenatal L‘;md[ogen‘ synthesis and fingers development. In animals, prenatal and

neonatal androgenic exposure can increase adiposity, insulin resistance, and changes in adipose ‘\(Commented [A113]: androgen

o O
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tissue lipolysis later in adulthood (Yildiz et al., 2015). However, based on this study analysis, the
Second to Fourth Digit Ratio (2D:4D) of the right and left hand is not related to HOMA-IR or insulin
resistance incidence. This finding is supported by study conducted in Turkey, on the correlation

between Second to Fourth Digit Ratio (2D:4D) and metabolic syndrome. It shows that E.the secondlti/[ Commented [A114]: the second

Fourth Digit Ratio (2D:4D) is not related to insulin resistance or the incidence of diabetes mellitus in
the subject. Researchers state that no available study that reports Second to Fourth Digit Ratio

(2D:4D) as a_lpredictor{ of androgen exposure and explains its correlation with metabolic syndrome [Commented [A115]: a predictor

(Yildiz et al., 2015). Other studies conducted by Abdullahi Yusuf Asuku et al. regarding the correlation
of Second to Fourth Digit Ratio (2D:4D) and metabolic syndrome indicators in Nigeria shows the
results that Second to Fourth Digit Ratio (2D:4D) of the right and left hand has no correlation with
fasting blood sugar levels in the subjects (Asuku et al., 2017). Researchers explain the absence of
correlation between Second to Fourth Digit Ratio (2D:4D) and metabolic syndrome indicators is

caused by the [small‘ number of subjects, i.e. 465 subjects, meanwhile this study includes only 120 [Commented [A116]: the small

subjects. This might be there reasonbﬁ@no association found between the E,econd\ to Fourth Digit -//{Commented [A117]: for

Ratio (2D:4D) and the incidence of insulin lresistance‘.

Commented [A118]: the second
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464  Tables and Figures — 1 PAGE 1 TABLE/FIGURE. PLACE ALL TABLES AND FIGURES AT THE END OF THE
465  MANUSCRIPT BODY AFTER THE REFERENCES

466 Table 1. Characteristic of Subjects.
Variable Median Minimum Maximum
Body weight (kg) 66.6 47.8 107.4
Body height (cm) 157.4 100.5 171.4
Waist circumference (cm) 85.75 80.5 114
Hip circumference (cm) 103.5 30 170
Neck circumference (cm) 32.5 14.5 39
Wrist circumference (cm) 15 13.5 17.5
Thigh circumference (cm) 57.4 31 78.4
Waist Height to Ratio (WHtR) 0.55 0.49 0.95
Waist-hip circumference ratio 0.84 0.6 3.33
(WHR)
2D:4D digit ratio of the right hand  0.98 0.84 1.09
2D:4D digit ratio of the left hand 0.99 0.52 0.6
HOMA-IR 2.33 0.54 18.32
467
468 Table 2. Frequency Distribution.
Category n %
Waist circumference
At risk >80 cm 120 100
Neck circumference
At risk 235.5 cm 13 10.8
Under risk <35.5 cm 107 89.2
Wrist circumference
At risk 216 cm 26 21.7
Under risk <16 cm 94 78.3
Waist Height to Ratio (WHtR)
At risk 20.5 118 98.3
Under risk <0.5 2 1.7
Waist-hip circumference ratio (WHR)
At risk >0.8 109 90.8
Under risk <0.8 11 9.2
2D:4D digit ratio of the right hand
At risk a7 39.2
Under risk 73 60.8
2D:4D digit ratio of the left hand
At risk 53 44.2
Under risk 67 55.8
HOMA-IR
Normal 20 16.7
Resistance 100 83.3

469
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471

Tabel 3. Correlation of Anthropometric Profile and HOMA-IR.

Variable r p

Waist circumference (cm) 0.151 0.1
Neck circumference (cm) 0.271 0.003"
Wrist circumference (cm) 0.12 0.19
Thigh circumference (cm) 0.224 0.014*
Waist Height to Ratio (WHtR) 0.33 <0.001*
Waist-hip circumference ratio (WHR) -0.019 0.836
2D:4D digit ratio of the right hand 0.139 0.129
2D:4D digit ratio of the left hand 0.169 0.065
Correlation test: Rank-Spearman *Significant (p<0.05)

16



Page 1: [1] Commented [A21R20]

Author

revised

17



10

11

12

13

14

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

32

33

34

Anthropometry indicators that are most related to female student's metabolic profiles‘\(

L2*Dieny, F.F., 'Rose S., ¥?Tsani, A.F.A., YJauharany, F.F. and “?Fitranti, D.Y.
1Department of Nutrition Science, Faculty of Medicine, Universitas Diponegoro, Indonesia

2Center of Nutrition Research (CENURE), Faculty of Medicine, Universitas Diponegoro, Indonesia

*Corresponding author: fillahdieny@gmail.com

Author No.1: 0000-0001-6071-8901
Author No. 2: 0000-0002-1898-1842
Author No. 3: 0000-0002-3407-5188
Author No. 4: 0000-0001-9471-9419

Author No. 5: 0000-0002-1656-9563

Abstract

Metabolic syndrome is not a disease, but is a set of several disorders and causes an increased risk of
cardiovascular disease and diabetes mellitus complications. Several studies have shown that non-invasive
approaches such as anthropometric measurements can be used for early detection of metabolic
syndrome. This study aims to analyse the anthropometric indicators related to metabolic syndrome in
female students. This cross-sectional study with a total of 163 female students, aged between 19 and 24
years old. Purposive sampling was used in this study. The independent variables in this study were the
Waist-to-Height Ratio (WHtR), Waist-Hip Ratio (WHR), Body Mass Index (BMI), Sagittal Abdominal
Diameter (SAD), and hip circumference. The dependent variable in this study is the metabolic syndrome
component that has been converted into a metabolic syndrome score (cMetS). The analysis results
showed that all anthropometric indicators, namely WHtR, BMI, SAD, waist circumference, hip
circumference and WHR have a strong positive relationship with the metabolic syndrome score (p<0.001).
BMI was the anthropometric indicator that is most associated with the metabolic profiles, such as systolic
blood pressure (p<0.001), blood sugar (p<0.05), and HDL (p<0.001). Waist circumference was the
anthropometric indicator that is most associated with triglycerides and metabolic syndrome score
(p<0.001). Metabolic syndrome in female students in Semarang can be identified using anthropometric
measurements, one of which is BMI and WHR which are very easy to measure and efficient. In addition,
the use of cMetS in the metabolic assessment of a person was found to be more effective.

Keywords: Adolescent; Anthropometric Indicator; Female; Metabolic Profile; Metabolic Syndrome.
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1.

Introduction

Metabolic syndrome is a set of body metabolic disorders such as dyslipidaemia, hyperglycaemia,
hypertension, and central obesity (Srikanthan et al., 2016; Devi et al., 2017; Christijani, 2019).
Metabolic syndrome is not a disease, but is a set of several disorders and causes an increased risk of
cardiovascular disease and diabetes mellitus complications. Some epidemiological studies have
shown that metabolic syndrome doubles the risk of cardiovascular diseases kSri Rahayu and Maulina,

2017), -

Several studies found that the prevalence of metabolic syndrome keeps increasing every year. A
study in China shows the prevalence of metabolic syndrome in adults was 24.2% (Li et al., 2018).
Another study indicated that the prevalence of metabolic syndrome in Indonesia was 21.66%
l(Herningtyas and Ng, 2019)]. In recent studies metabolic syndrome can be assessed using the
continuous value of metabolic syndrome (cMets) or the metabolic syndrome score recommended by
the American Diabetic Association of Diabetes. The metabolic syndrome score is a z-score resulting
from the assessment of all components of the metabolic syndrome kPratiwi, et al., 2017). The __—
advantages of using cMetS are (1) reducing dichotomization factors because cardiovascular disease
is a progression of several components of the metabolic syndrome, (2) cMetS is more sensitive and
less error-prone than categoric metabolic syndrome assessments, (3) increasing the statistical power
(Okosun, Lyn, et al., 2010).

Central obesity is one of the components of metabolic syndrome parameters. Central obesity is
associated with increased blood pressure, serum triglycerides, decreased HDL, and glucose
intolerance. Based on the National Basic Health Research (Riskesdas) in 2018, the prevalence of
obesity in adults was 21.8%, and the prevalence of central obesity at age of more than 15 years
increased from 26.6% in 2013 to 31% in 2018 (Badan Penelitian dan Pengembangan Kesehatan,
2018). Obesity is closely related to degenerative diseases. The Riskesdas 2018 showed that the
prevalence of stroke, diabetes mellitus, heart disease, and hypertension is higher in women than
men.

Several studies have shown that non-invasive approaches such as anthropometric measurements
can be used for early detection of metabolic syndrome (Pratiwi, et al., 2017). Anthropometric
measurements are described as the measurements of body dimensions and body composition to
assess nutritional status. The advantages of anthropometric measurements are relatively fast and
easy, as it can be performed using portable and calibrated instruments with standardized methods
(Rokhmah, et al., 2015). Some anthropometric measurements that can be used for early detection
of metabolic syndrome are Waist-to-Height Ratio (WHtR), waist-to-hip ratio (WHR), hip
circumference, Body Mass Index (BMI), Sagital Abdominal Diameter (SAD).

One of the anthropometric measurements which can be a parameter for central obesity is the
ratio of waist circumference to height (WHtR). The instruments used in the measurement are
microtoise and measuring tape so that it takes longer time. Studies on waist circumference have been
shown to have a strong correlation with abdominal fat deposits (Zhou et al., 2014). The distribution
of abdominal adipose tissue (central obesity) in adults is associated with a component of the
metabolic syndrome (Rodea-Montero, et al., 2014). A study on adult subjects has shown that people
who have the same waist circumference but are shorter in height have a greater risk of developing
metabolic syndrome than taller people (Zhou et al., 2014). Therefore, WHtR can be used as a simple
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and effective anthropometric index to identify the metabolic risk associated with obesity (Rodea-
Montero, et al., 2014).

The waist-to-hip ratio (WHR) is a measurement that may indicate central obesity (Karimah, 2018).
The higher the WHR value, the higher the risk level for several metabolic diseases. The waist-to-hip
ratio is calculated by dividing the measurement of the waist circumference by the circumference of

Individuals with a high waist and hip circumference will also have a higher distribution of fat in their

the hip. The cut-off points for WHR are 21.0 for men and 20.85 for women ‘(Rokhmah, etal., 2015)].4///{ Commented [A6]: revised

abdominal area. Irregular fats distribution in the abdominal area indirectly causes higher triglyceride
levels circulating in the blood, which will affect blood pressure (Sumardiyono et al., 2018). WHR
measurement is more sensitive in assessing the distribution of fat in the body, especially in the
abdominal. This measurement is three times better than BMI in reflecting the presence of harmful
fats in the abdominal. Measurement of waist circumference is performed by determining the lower
part of arcus costae and crista iliaca ‘(Sri Rahayu and Maulina, 2017).\

Body Mass Index (BMI) is a practical and easy measurement to perform, but it cannot distinguish
between fat mass, bone mass and muscle mass. BMI is calculated as body weight (kg) / height
squared (m?) l(Okura et al., 2018)]. BMI can be used as the first measurement before any other

anthropometric measurements.

Sagittal Abdominal Diameter (SAD) or the height of the abdomen while the subjects are in lying
position. This anthropometric measurement has not been widely used to measure fat tissue in the
abdominal area. SAD measurements using computed tomography or magnetic resonance imaging,
and are associated with components of metabolic syndrome. The measurements of SAD are taken
when the subject is lying down on the examination table with naked upper body. SAD is related to
central obesity in individuals with obese and normal nutritional status. Furthermore, SAD is
associated with diabetes mellitus and a predictor of cardiovascular disease incidence, even when SAD
is measured in standing position [(Pajunen etal., 2013)]‘ Based on the abovementioned problems, our

study aims to analyse the anthropometric indicators related to metabolic syndrome in female
students.

2. Materials and methods

2.1 Design, location, and time

The scope of this study is community nutrition with a cross-sectional study design.
Anthropometric and biochemical data were collected at the Cito Laboratory, Banyumanik Semarang
with health protocols applied. The study started from March to July 2020.

2.2 Samplings

This study was conducted during the SARS-CoV-2 outbreak, which later was named COVID-19 by
the WHO, so the registration for study participants was done online. The inclusion criteria were
female students aged 19-24, resided in Semarang, willing to be a study participant and willing to
follow a series of study instructions. Subjects were asked to fill in personal data using a Google form;
and eligible subjects will be contacted by the researchers to plan a direct meeting. Purposive
sampling was used in this study and the total number of subjects required was 163.
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2.3 Data collected

The independent variables in this study were the Waist-to-Height Ratio (WHtR), Waist-Hip Ratio
(WHR), Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and hip circumference.
Bodyweight was measured using a digital scale to the nearest 0.01 kg, height was measured using a
microtoise to the nearest 0.1 cm, waist circumference and hip circumference was measured using a
measuring tape (Medline) to the nearest 1 mm and abdominal height was measured using the
Abawerk Schaffenburg abdominal calliper to the nearest 1 mm. SAD measurements were performed
with the subject in a supine position on a flat surface with both knees forming an angle of 90°[(Firouzi
etal., 2018),

The cut-off point used in this study refers to previous studies because it had been adjusted for the
Asian race (Rose et al., 2020). Each anthropometric measurement is stated as “at risk” if the
individuals have >0.50 for WHtR ‘(Zhang et al., 2016), > 0.85 for WHR (Rokhmah, et al., 2015) , > 19.3

cm for (Dieny et al., 2020), and have the normal to overweight BMI (18.5 - 25 kg/m?) or obese BMOI
(225.0 kg/m?) (Susetyowati, 2016).

The dependent variable in this study is the metabolic syndrome component that has been
converted into a metabolic syndrome score (cMetS) with the cut-off point on cMetS> 2.21 (Rose et
al., 2020). The guidelines for metabolic syndrome in this study are taken from the National
Cholesterol Education Program-Adult Treatment Panel (NCEP-ATP IlI) 2005 which has been
frequently used in Indonesia. There are 5 parameters to assess metabolic syndrome: (1) fasting blood
glucose levels 2110 mg/dL, (2) triglyceride levels 2150 mg/dL (3) HDL cholesterol levels <50 mg/dL,
(4) central obesity in women with waist circumference >80 ¢cm, and (5) systolic and diastolic blood
pressures 2130 mmHg and 285 mmHg, respectively (Soewondo et al., 2010). The calculation of the
metabolic syndrome score (cMetS) was done in the following steps: (1) after measuring all
parameters of the metabolic syndrome, standardisation was carried out to obtain a Z-score; (2) the
blood pressure must be converted into Mean Arterial Blood (MAP) by dividing the difference
between systolic and diastolic blood pressure by three and summed with the diastolic blood
pressure; (3) the HDL cholesterol standardisation results were multiplied by (-1) because the
parameter was inversely related to the risk of metabolic syndrome; (4) All Z-scores were added to
obtain the cMetS values; (5) The final step was to compare the cMetS values with the cut-off point
of 22,21] (Eisenmann et al., 2010; Okosun, Boltri, et al., 2010; Rose et al., 2020). The subjects were

instructed to do fasting for at least 8 hours; only drinking water was permitted.

Other than the cMetS score, metabolic syndrome risk can also be assessed from the classification
of metabolic types. This classification combines the internal and external signs of the body such as
biochemical parameters, the ratio of subcutaneous fat to abdominal fat, and blood pressure (Prybyla
0, 2020). The main phenotypes that reflect the possible combination of metabolic profile and the
degree of obesity are metabolic healthy obese weight, metabolic healthy normal weight, metabolic
unhealthy normal weight, and metabolic unhealthy normal weight.

2.4 Data analysis

Statistical analyses were performed using SPSS Statistical software. This study has received an
ethical clearance issued by the Medical/Health Research Bioethics Commission, Faculty of Medicine,
Sultan Agung Islamic University Semarang with Number No.296 /IX /2020 /Bioethical Commission.
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Results and discussion/Results

The subject characteristics measured in female student aged 19-24 years include age,
anthropometric indicators, and metabolic syndromes. Table 1 shows the characteristics of the study
subjects. The mean of WHtR value in this study was 0.51. Meanwhile, the mean of WHR was 0.80; the
mean of BMI was 24.04 kg/m?; the mean of SAD was 16.79 cm; and the mean of waist circumference
was 79.44 cm.

Table 2 shows various nutritional status of the subjects based on BMI. We found that 43.6% of the
subjects had normal BMI, 17.2% were overweight and 35.6% were obese. Based on the WHtR
anthropometric indicator, 72.4% of subjects were at risk of having obesity; based on WHR, 22.1% had
central obesity; based on BMI, 35.6% were obese; based on SAD 12.3% of the subjects were at risk;
and based on waist circumference 55.2% had central obesity. According to the metabolic profile that
was assessed, 16.6% had high FBG levels, 8.6% had hypertriglycerides, 17.2% had low HDL, 16.6% had
high systolic blood pressure, and 21.5% had high diastolic blood pressure. In addition, we found 33.1%
of the subjects had high metabolic syndrome (cMetS) scores. This proportion was similar to the
assessment based on the metabolic type of unhealthy subjects (subjects who had 2 3 risk factors of
the metabolic profile), which was 33.7%. Moreover, two subjects had five risk factors: abdominal
obesity, hypertension, hyperglycaemia, hypertriglycerides, and low HDL.

If we are considering metabolic type based on nutritional status (subjects with non-obese BMI
(<25kg/m?) with metabolic healthy and metabolic unhealthy and subjects with obese BMI (> 25kg/m?)
with metabolic healthy and metabolic unhealthy), subjects are categorised as metabolic unhealthy
(experiencing metabolic syndrome) if they fulfil > 3 risk factors including high waist circumference,
blood pressure, GDP and triglyceride levels, and low HDL levels. Based on these criteria, we found that
10.4% of the subjects had metabolic unhealthy normal weight (MUNW) and 23.3% of the subjects had
metabolic unhealthy obesity weight (MUOW). In non-obese subjects, 54% of them were metabolic
healthy.

Table 3 and Table 4 show the results of statistical analyses on anthropometric indicators related
to the metabolic syndromes. Table 3 shows the bivariate statistical analysis using the Pearson
correlation test. The analysis results showed that all anthropometric indicators, namely WHtR, BMI,
SAD, waist circumference, hip circumference and WHR have a strong positive relationship with the
metabolic syndrome score (p<0.001), which means that the higher the anthropometric value, the
higher the metabolic syndrome score. In addition, the analysis on the relationship between
anthropometric indicators and each metabolic profile revealed that almost all of the independent
variables (WHtR, waist and hip circumference, WHR, BMI, and SAD) were associated with each
metabolic profile, such as baseline systolic pressure, diastolic blood pressure, triglyceride levels, blood
sugar levels, and HDL. Only WHR that was not associated with diastolic blood pressure (p>0.005).

Table 4 shows the results of the analysis using multiple linear regression to determine
anthropometric indicators that are most associated with each metabolic profile and metabolic
syndrome score.

The results showed that BMI was the anthropometric indicator that is most associated with the
metabolic profiles, such as systolic blood pressure (p<0.001), blood sugar (p<0.05), and HDL (p
<0.001). In addition, waist circumference was the anthropometric indicator that is most associated
with triglycerides and metabolic syndrome score (p<0.001). Based on the Adjusted R2 value on the
metabolic syndrome score, we found that 37.5% of the metabolic syndrome score was related to
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anthropometric indicators, such as WHtR, waist and hip circumference, WHR, BMI, and SAD. The rest
may be influenced by other variables that are not included in this study.

Discussion

The objective of this study was to determine the anthropometric indicators associated with
metabolic syndromes in female students. The study included 163 female students aged 19-24 years.
The students are in their late adolescents who begin to have an independent life. Inappropriate and
unhealthy eating behaviours will have an impact on the student’s nutritional status. Excessive
nutritional status and obesity will affect student’s body metabolism. Based on the study results,
33.1% of the subjects had a high metabolic syndrome (cMetS) score. In line with the previous study
conducted in 2019 on 18-to-21-year-old students at Diponegoro University, 20% of the subjects had
high cMetS [(Rose etal., 2020). M]eanwhile, a study conducted by Pratiwi et al in 2017 using secondary

data from the National Basic Health Research 2013 found that 19.98% of adolescents aged 15-24
years had high cMetS (Pratiwi, et al., 2017). Therefore, we conclude that there is a trend of Metabolic
Syndrome Score (cMetS) among young women in Semarang.

The assessment of metabolic syndrome using a continuous type (scoring) rather than using a
dichotomy or binary (“yes” and “no”) is recommended (Christijani, 2019). An adolescent can be
diagnosed with metabolic syndrome if their Metabolic Syndrome Score (cMetS) >2.21 (Pratiwi, et al.,
2017). Anthropometric indicators used in this study are Waist and Height Ratio (WHtR), Waist-to-Hip
Ratio (WHR), Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and Waist Circumference.
Based on the correlation analyses, all anthropometric indicators have a significant positive
relationship with the Metabolic Syndrome Score (cMetS). Furthermore, the multivariate analyses
show that the anthropometric indicators of BMI and RLPP are strongly associated with cMetS.

According to the metabolic type, most of the subjects (54%) in this study had metabolic healthy
normal weight (MHNW) metabolic type. In this type, the individuals have a normal BMI and does not
show any metabolic risk. Our study also shows that 10.4% of the subjects were classified as metabolic
unhealthy normal weight (MUNW). The subjects’ BMI in this category is in the normal range but has
a high percentage of body fat that makes them at high risk of developing metabolic disorders (Eckel
et al., 2015; Suliga et al., 2015). Several recent cohort studies have shown a greater risk of type Il
diabetes mellitus in individuals with MUNW compared to individuals with MHNWkArnIt‘)v etal., 2011;

_—"| Commented [A13]: revised

Hadaegh et al., 2011; Aung et al., 2014; Jung et al., 2014; Hinnouho et al., 2015), Other studies have //{ Commented [A14]: revised

shown that women with the MUNW type have a long-term impact of an increased risk of
cardiovascular diseases such as higher blood pressure, triglyceride and glucose levels as well as lower

levels of adiponectin, HDL, and LDL compared to women with the MHNW type kKim etal., 2013). //{ Commented [A15]: revised

In our study, 23.3% of the subjects belonged to the Metabolic Unhealthy Obese Weight (MUOW)
type. Subjects with this metabolic type have an obese BMI and have a high risk of developing
metabolic disorders. A study conducted in Japan on 29,564 subjects showed that individuals with
MUOW had a greater risk of developing type Il diabetes mellitus compared to individuals with MHOW
[(Heianza etal., 2015).]

We also found that 12.3% of the subjects were categorized as metabolic healthy obese weight
(MHOW). Individuals in this metabolic type have an obese BMI but do not show any metabolic risks.
Given the impact of obesity in relation to the risk of metabolic diseases, various studies have been
conducted to examine the long-term effects of MHOW. Individuals with MHOW had a different fat
distribution pattern (less ectopic and visceral fat), and lower inflammatory markers (Samocha-Bonet
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et al., 2014). Other studies also have shown that women with MHOW had lower blood pressure,

triglyceride levels, and glucose levels, but higher levels of HDL, adiponectin, and LDL compared to

women with MUNW [(Kim et al., 2013). hhis condition was associated with good diet quality in _—

individuals with MHOW. Based on National Health and Nutrition Examination Surveys (NHANES)

data, Camhi et al examined the quality of diet in obese subjects, and found that adolescents and adult

women with the MHOW metabolic type had higher diet quality scores due to high intake of fruit,

whole grains, meat, and nuts [(Camhi etal., 2015)]. —
The correlation test results indicated that all anthropometric indicators had a positive

relationship with the metabolic syndrome scores with p <0.001. Meanwhile, the regression analyses

show that BMI and WHR were inversely related to cMetS. This is in line with research conducted by

Lindy et al, who stated that an increase in the WHR value could be associated with the risk of

metabolic syndrome in children and adolescents in Florida [(Moore et al., 2015), A study conducted

by Al-Bachir and Bakir stated that there was a strong relationship between overweight and obese

adolescents with metabolic syndrome [(AI—Bachir and Bakir, 2017)\. Furthermore, a study conducted

by Adrian et al on 15-year-old adolescents in South Africa found that central obesity as measured by

the hip circumference could lead to an increased risk of cardiovascular diseases and death. Therefore,

hip circumference and waist circumference can be used to predict the risk of cardiovascular diseases

and death in the future ‘(Cameron etal., 2012).] s
Body Mass Index (BMI) is the most widely used indicator of measurement in epidemiological

studies and is used as a substitute for evaluating body composition. However, BMI cannot distinguish

fat from fat mass and lean mass, and it fails to show the presence of adipose and body fat distribution

(Ofer et al., 2019; Leone et al., 2020). However, the BMI cut-offs for metabolic syndrome has not yet

been determined (Ofer et al., 2019). Obesity in adolescents is generally assessed using a BMI of >225.0

kg/m?2. In this study, we only divided the subjects into normal nutritional status (18.5-25 kg/m?) and

obesity (225.0 kg/m?), and we found that 35.6% of the subjects were obese. The finding is in line with

the research conducted by Sophia et al on the subject of students at Universitas Diponegoro aged

18-21 years. They found that 40% of their study population had obesity level | and 36.3% had obesity

level Il [(Rose etal, 2020).] g
Abdominal obesity is often assessed to determine a metabolic syndrome in people. One of the

indicators used to measure abdominal obesity is the Waist-to-Hip Ratio (WHR) which is calculated by

dividing the waist circumference and the hip circumference. Measurement of waist circumference is

more sensitive in assessing the distribution of body fat in the abdominal wall, which is also a

component in the metabolic syndrome. The limit of the WHR value for female is > 0.85 kRokhmah, et

al., 2015)]. This study shows that every 1% increase in the WHR value will increase the cMetS value

by 10.411. Hip circumference is also an indicator that has a strong correlation with cMetS, but many

studies have used it as a ratio along with waist circumference for assessing a person's central obesity

status.

5. Conclusion
Metabolic syndrome in female students in Semarang can be identified using anthropometric
measurements, one of which is BMI and WHR which are very easy to measure and efficient. In
addition, the use of cMetS in the metabolic assessment of a person was found to be more effective.
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Table 1. Minimum, Maximum, Average and Standard Deviation

Variabel Minimum Maximum Mean SD
Anthropometric Indicators
WHtR (rasio) 0.37 0.71 0.51 0.07
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429
430

RLPP (rasio)

BMI (kg/m?)

Sagital Abdominal Diameter (cm)
Hip Circumference (cm)

Waist Circumference (cm)

Metabolic Profiles

Blood Glucose Levels (mg/dL)
Trygliceride Levels (mg/dL)
Cholesterol Levels HDL (mg/dL)
Sistolic Blood Pressure (mmHg)
Diastolic Blood Pressure (mmHg)
cMetS (Score of Metabolic Syndrome)

0.67

15.81
11.35
80.60
58.00

66.00
29.00
36.00
84.00
55.00
-7.10

0.96
39.30
25.50
138.45
112.10

110.00
309.00
109.00
144.00
178.00
11.93

0.80

24.04
16.79
98.96
79.44

92.00
88.35
61.73
114.63
82.40
0.01

0.06
4.72
2.42
9.30
10.78

7.59
44.68
26.43
11.13
55.52
2.90
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Table 2. Anthropometric Overview and Components of Metabolic Syndrome

Characteristics

n

%

Anthropometric
Body Mass Index (BMI)
Underweight (< 18.5 kg/m?)
Normal (18.5 — 22.9 kg/m?)
Overweight (23-24.9 kg/m?)
Obese (225.0 kg/m?)
Waist Height Ratio (WHtR)
Normal (<0.50)
Risk (=0.50)
Waist Hip Ratio
Normal (<0.85)
Central Obesity (>0.85)
Sagital Abdominal Diameter (SAD)
Normal (£19.3 cm)
Risk (>19.3 cm)
Wait Circumference
Normal (<80 cm)
Obese (<80 cm)
Metabolic Profiles
Blood Glucose Levels
Normal (<110 mg/dL)
High (2110 mg/dL)
Triglycerides
Normal (<150 mg/dL)
High (2150 mg/dL)
Cholesterol HDL
Normal (2150 mg/dL)
Rendah (<150 mg/dL)
Sistolic Blood Pressure
Normal (<130 mg/dL)
High (2130 mg/dL)
Diastolic Blood Pressure
Normal (<85 mg/dL)
High (=85 mg/dL)
cMetS (Score of Metabolic Syndrome)
Normal (<2.21)
Risk (>2.21)
Tipe Metabolik
Metabolic Unhealthy Normal Weight (MUNW)
Metabolic Healthy Normal Weight (MHNW)
Metabolic Unhealthy Obese Weight (MUOW)
Metabolic Healthy Obese Weight (MHOW)

71
28
58

45
118

127
36

143
20

73
90

136
27

149
14

135
28

136
27

128
35

109
54

17
88
38
20

3.7

43.6
17.2
35.6

27.6
72.4

77.9
22.1

87.7
12.3

44.8
55.2

83.4
16.6

914
8.6

82.8
17.2

83.4
16.6

78.5
21.5

66.9
33.1

10.4
54

23.3
12.3
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449 |Ta ble 3.The Relationship between Anthropometric Indicators and Metabolic Profiles (Blood Pressure,
450 TriglyceridesL Blood Sugar, HDL and metabolic syndrome scores) /( Commented [A27]: revised
Variable Sistolic BP Distolic BP TG Blood Glucose HDL cMetS
r p r p r p r p r p r p
WHtR 0.358 <0.001 0.306 <0.001 0.289 <0.001 0.210 0.007 -0.266 0.001 0.599 <0.6
BMI 0.370 <0.001 0.313 <0.001 0.315 <0.001 0.221 0.005 -0.292 <0.001 0.600 <0.001
SAD 0.352 <0.001 0.284 <0.001 0.278 <0.001 0.191 0.015 -0.264 0.001 0.575 <0.001
WC 0.377 <0.001 0.284 <0.001 0.295 <0.001 0.212 0.005 -0.243 0.002 0.616 <0.001
HC 0.369 <0.001 0.332 <0.001 0.302 <0.001 0.179 0.002 -0.273 <0.001 0.581 <0.001
WHR 0.244  0.002 0.128 0.104 0.194 0.013 0.172 0.028 -0.149 0.048 0.415 <0.001
451
452 Table 4. Anthropometric indicators most associated with metabolic components and metabolic
453 syndrome scores
Variable Sistolic BP
Konstanta ~ USC® pl® p2° 4Adjusted R?
BMI 91.759 0.951 <0.001 <0.001 0.158
Blood Glucose Levels
Konstanta ~ USC® p1° p2° Adjusted R?
BMI 83.454 0.355 0.005 <0.001 0.043
HDL
Konstanta ~ USC® p1° p2° Adjusted R?
BMmI 81.429 -0.819 <0.001 <0.001 0.080
Triglycerides
Konstanta ~ USC® pl° p2° Adjusted R?
wc -6.614 1.195 <0.001 <0.001 0.078
Score of Metabolic Syndrome
Konstanta ~ USC® p1° p2° Adjusted R?
wc -13.163 0.166 <0.001 <0.001 0.375
454  2Unstandardized Coefficient, ° p-value, ¢ p Uji F (ANOVA), °Koefisien Determinasi
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Anthropometry indicators that are most related to female student's metabolic profiles

Abstract

Metabolic syndrome is not a disease, but is a set of several disorders and causes an increased risk of
cardiovascular disease and diabetes mellitus complications. Several studies have shown that non-invasive
approaches such as anthropometric measurements can be used for early detection of metabolic
syndrome. This study aims to analyse the anthropometric indicators related to metabolic syndrome in
female students. This cross-sectional study with a total of 163 female students, aged between 19 and 24
years old. Purposive sampling was used in this study. The independent variables in this study were the
Waist-to-Height Ratio (WHtR), Waist-Hip Ratio (WHR), Body Mass Index (BMI), Sagittal Abdominal
Diameter (SAD), and hip circumference. The dependent variable in this study is the metabolic syndrome
component that has been converted into a metabolic syndrome score (cMetS). The analysis results
showed that all anthropometric indicators, namely WHtR, BMI, SAD, waist circumference, hip
circumference and WHR have a strong positive relationship with the metabolic syndrome score (p<0.001).
BMI was the anthropometric indicator that is most associated with the metabolic profiles, such as systolic
blood pressure (p<0.001), blood sugar (p<0.05), and HDL (p<0.001). Waist circumference was the
anthropometric indicator that is most associated with triglycerides and metabolic syndrome score
(p<0.001). [Metabolic syndrome in female students in Semarang] can be identified using anthropometric

measurements, one of which is BMI and WHR which are very easy to measure and efficient. In addition,
the use of cMetS in the metabolic assessment of a person was found to be more effective.

Keywords: Adolescent; Anthropometric Indicator; Female; Metabolic Profile; Metabolic Syndrome.

1. Introduction

Metabolic syndrome is a set of body metabolic disorders such as dyslipidaemia, hyperglycaemia,
hypertension, and central obesity (Srikanthan et al., 2016; Devi et al., 2017; Christijani, 2019).
Metabolic syndrome is not a disease, but is a set of several disorders and causes an increased risk of
cardiovascular disease and diabetes mellitus complications. Some epidemiological studies have
shown that metabolic syndrome doubles the risk of cardiovascular diseases (Sri Rahayu and Maulina,
2017).

Several studies found that the prevalence of metabolic syndrome keeps increasing every year. A
study in China shows the prevalence of metabolic syndrome in adults was 24.2% (Li et al., 2018).
Another study indicated that the prevalence of metabolic syndrome in Indonesia was 21.66%
(Herningtyas and Ng, 2019). In recent studies metabolic syndrome can be assessed using the
continuous value of metabolic syndrome (cMets) or the metabolic syndrome score recommended by
the American Diabetic Association of Diabetes. The metabolic syndrome score is a z-score resulting
from the assessment of all components of the metabolic syndrome (Pratiwi, et al., 2017). The
advantages of using cMetS are (1) reducing dichotomization factors because cardiovascular disease
is a progression of several components of the metabolic syndrome, (2) cMetS is more sensitive and
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generalized?
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less error-prone than categoric metabolic syndrome assessments, (3) increasing the statistical power
(Okosun, Lyn, et al., 2010).

Central obesity is one of the components of metabolic syndrome parameters. Central obesity is
associated with increased blood pressure, serum triglycerides, decreased HDL, and glucose
intolerance. Based on the National Basic Health Research (Riskesdas) in 2018, the prevalence of
obesity in adults was 21.8%, and the prevalence of central obesity at age of more than 15 years
increased from 26.6% in 2013 to 31% in 2018 (Badan Penelitian dan Pengembangan Kesehatan,
2018). Obesity is closely related to degenerative diseases. The Riskesdas 2018 showed that the
prevalence of stroke, diabetes mellitus, heart disease, and hypertension is higher in women than
men.

Several studies have shown that non-invasive approaches such as anthropometric measurements
can be used for early detection of metabolic syndrome (Pratiwi, et al., 2017). Anthropometric
measurements are described as the measurements of body dimensions and body composition to
assess nutritional status. The advantages of anthropometric measurements are relatively fast and
easy, as it can be performed using portable and calibrated instruments with standardized methods
(Rokhmah, et al., 2015). Some anthropometric measurements that can be used for early detection
of metabolic syndrome are Waist-to-Height Ratio (WHtR), waist-to-hip ratio (WHR), hip
circumference, Body Mass Index (BMI), Sagital Abdominal Diameter (SAD).

One of the anthropometric measurements which can be a parameter for central obesity is the
ratio of waist circumference to height (WHtR). The instruments used in the measurement are
microtoise and measuring tape so that it takes longer time. Studies on waist circumference have been
shown to have a strong correlation with abdominal fat deposits (Zhou et al., 2014). The distribution
of abdominal adipose tissue (central obesity) in adults is associated with a component of the
metabolic syndrome (Rodea-Montero, et al., 2014). A study on adult subjects has shown that people
who have the same waist circumference but are shorter in height have a greater risk of developing
metabolic syndrome than taller people (Zhou et al., 2014). Therefore, WHtR can be used as a simple
and effective anthropometric index to identify the metabolic risk associated with obesity (Rodea-
Montero, et al., 2014).

The waist-to-hip ratio (WHR) is a measurement that may indicate central obesity (Karimah, 2018).
The higher the WHR value, the higher the risk level for several metabolic diseases. The waist-to-hip
ratio is calculated by dividing the measurement of the waist circumference by the circumference of
the hip. The cut-off points for WHR are >1.0 for men and 20.85 for women (Rokhmah, et al., 2015).
Individuals with a high waist and hip circumference will also have a higher distribution of fat in their
abdominal area. Irregular fats distribution in the abdominal area indirectly causes higher triglyceride
levels circulating in the blood, which will affect blood pressure (Sumardiyono et al., 2018). WHR
measurement is more sensitive in assessing the distribution of fat in the body, especially in the
abdominal. This measurement is three times better than BMI in reflecting the presence of harmful
fats in the abdominal. Measurement of waist circumference is performed by determining the lower
part of arcus costae and crista iliaca (Sri Rahayu and Maulina, 2017).

Body Mass Index (BMI) is a practical and easy measurement to perform, but it cannot distinguish
between fat mass, bone mass and muscle mass. BMI is calculated as body weight (kg) / height
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squared (m?) (Okura et al., 2018). BMI can be used as the first measurement before any other
anthropometric measurements.

Sagittal Abdominal Diameter (SAD) or the height of the abdomen while the subjects are in lying
position. This anthropometric measurement has not been widely used to measure fat tissue in the
abdominal area. SAD measurements using computed tomography or magnetic resonance imaging,
and are associated with components of metabolic syndrome. The measurements of SAD are taken
when the subject is lying down on the examination table with naked upper body. SAD is related to
central obesity in individuals with obese and normal nutritional status. Furthermore, SAD is
associated with diabetes mellitus and a predictor of cardiovascular disease incidence, even when SAD

is measured in standing position (Pajunen et al., 2013). Based on the @bovementioned problems, our //[ Commented [ASUS2]: space

study aims to analyse the anthropometric indicators related to metabolic syndrome in ’female
students.]

Materials and methods
2.1 Design, location, and time

The scope of this study is community nutrition with a cross-sectional study design.
Anthropometric and biochemical data were collected at the Cito Laboratory, Banyumanik Semarang
with health protocols applied. The study started from March to July 2020.

2.2 Samplings

This study was conducted during the SARS-CoV-2 outbreak, which later was named COVID-19 by
the WHO, so the registration for study participants was done online. The inclusion criteria were
female students aged 19-24, resided in Semarang, willing to be a study participant and willing to
follow a series of study instructions. Subjects were asked to fill in personal data using a Google form;
and eligible subjects will be contacted by the researchers to plan a direct meeting. Purposive
sampling was used in this study and the total number of subjects required was 163.

2.3 Data collected

The independent variables in this study were the Waist-to-Height Ratio (WHtR), Waist-Hip Ratio
(WHR), Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and hip circumference.
Bodyweight was measured using a [digital scale] to the nearest 0.01 kg, height was measured using a

[microtoise] to the nearest 0.1 cm, waist circumference and hip circumference was measured using a

measuring tape (Medline) to the nearest 1 mm and abdominal height was measured using the
Abawerk Schaffenburg abdominal calliper to the nearest 1 mm. SAD measurements were performed
with the subject in a supine position on a flat surface with both knees forming an angle of 90° (Firouzi
et al., 2018).

The cut-off point used in this study refers to previous studies because it had been adjusted for the
Asian race (Rose et al., 2020). Each anthropometric measurement is stated as “at risk” if the
individuals have >0.50 for WHtR (Zhang et al., 2016), > 0.85 for WHR (Rokhmah, et al., 2015)
cm hor ](Dieny et al., 2020), and have the normal to overweight BMI (18.5 - 25 kg/m?) or obese BMOI

(225.0 kg/m?) (Susetyowati, 2016).
The dependent variable in this study is the metabolic syndrome component that has been
converted into a metabolic syndrome score (cMetS) with the cut-off point on cMetS> 2.21 (Rose et

//[ Commented [ASUS3]: why?

//[ Commented [ASUS4]: State the type and the brand

-/’/[ Commented [ASUS5]: State the type and the brand

>19.3 //[ Commented [ASUS6]: No space
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al., 2020). The guidelines for metabolic syndrome in this study are taken from the National
Cholesterol Education Program-Adult Treatment Panel (NCEP-ATP Ill) 2005 which has been
frequently used in Indonesia. There are 5 parameters to assess metabolic syndrome: (1) fasting blood
glucose levels 2110 mg/dL, (2) triglyceride levels 2150 mg/dL (3) HDL cholesterol levels <50 mg/dL,
(4) central obesity in women with waist circumference 280 ¢cm, and (5) systolic and diastolic blood
pressures 2130 mmHg and 285 mmHg, respectively (Soewondo et al., 2010). The calculation of the
metabolic syndrome score (cMetS) was done in the following steps: (1) after measuring all
parameters of the metabolic syndrome, standardisation was carried out to obtain a Z-score; (2) the
blood pressure must be converted into Mean Arterial Blood (MAP) by dividing the difference
between systolic and diastolic blood pressure by three and summed with the diastolic blood
pressure; (3) the HDL cholesterol standardisation results were multiplied by (-1) because the
parameter was inversely related to the risk of metabolic syndrome; (4) All Z-scores were added to
obtain the cMetS values; (5) The final step was to compare the cMetS values with the cut-off point
of 22,21 (Eisenmann et al., 2010; Okosun, Boltri, et al., 2010; Rose et al., 2020). The subjects were
instructed to do fasting for at least 8 hours; only drinking water was permitted.

Other than the cMetS score, metabolic syndrome risk can also be assessed from the classification
of metabolic types. This classification combines the internal and external signs of the body such as
biochemical parameters, the ratio of subcutaneous fat to abdominal fat, and blood pressure (Prybyla
0, 2020). The main phenotypes that reflect the possible combination of metabolic profile and the
degree of obesity are metabolic healthy obese weight, metabolic healthy normal weight, metabolic
unhealthy normal weight, and metabolic unhealthy normal weight.

2.4 Data analysis

Statistical analyses were performed using SPSS Statistical software. This study has received an
ethical clearance issued by the Medical/Health Research Bioethics Commission, Faculty of Medicine,
Sultan Agung Islamic University Semarang with Number No.296 /IX /2020 /Bioethical Commission.

Results and discussion/Results

The subject characteristics measured in female student aged 19-24 years include age,
anthropometric indicators, and metabolic syndromes. Table 1 shows the characteristics of the study
subjects. The mean of WHtR value in this study was 0.51. Meanwhile, the mean of WHR was 0.80; the
mean of BMI was 24.04 kg/m?; the mean of SAD was 16.79 cm; and the mean of waist circumference
was 79.44 cm.

Table 2 shows various nutritional status of the subjects based on BMI. We found that 43.6% of the
subjects had normal BMI, 17.2% were overweight and 35.6% were obese. Based on the WHtR
anthropometric indicator, 72.4% of subjects were at risk of having obesity; based on WHR, 22.1% had
central obesity; based on BMI, 35.6% were obese; based on SAD 12.3% of the subjects were at risk;
and based on waist circumference 55.2% had central obesity. According to the metabolic profile that
was assessed, 16.6% had high ‘FBG] levels, 8.6% had hypertriglycerides, 17.2% had low HDL, 16.6% had

high systolic blood pressure, and 21.5% had high diastolic blood pressure. In addition, we found 33.1%
of the subjects had high metabolic syndrome (cMetS) scores. This proportion was similar to the
assessment based on the metabolic type of unhealthy subjects (subjects who had > 3 risk factors of
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the metabolic profile), which was 33.7%. Moreover, two subjects had five risk factors: abdominal
obesity, hypertension, hyperglycaemia, hypertriglycerides, and low HDL.

If we are considering metabolic type based on nutritional status (subjects with non-obese BMI
(<25kg/m?) with metabolic healthy and metabolic unhealthy and subjects with obese BMI (> 25kg/m?)
with metabolic healthy and metabolic unhealthy), subjects are categorised as metabolic unhealthy
(experiencing metabolic syndrome) if they fulfil > 3 risk factors including high waist circumference,
blood pressure, GDP and triglyceride levels, and low HDL levels. Based on these criteria, we found that
10.4% of the subjects had metabolic unhealthy normal weight (MUNW) and 23.3% of the subjects had
metabolic unhealthy obesity weight (MUOW). In non-obese subjects, 54% of them were metabolic
healthy.

Table 3 and Table 4 show the results of statistical analyses on anthropometric indicators related
to the metabolic syndromes. Table 3 shows the bivariate statistical analysis using the Pearson
correlation test. The analysis results showed that all anthropometric indicators, namely WHtR, BMI,
SAD, waist circumference, hip circumference and WHR have a strong positive relationship with the
metabolic syndrome score (p<0.001), which means that the higher the anthropometric value, the
higher the metabolic syndrome score. In addition, the analysis on the relationship between
anthropometric indicators and each metabolic profile revealed that almost all of the independent
variables (WHtR, waist and hip circumference, WHR, BMI, and SAD) were associated with each
metabolic profile, such as baseline systolic pressure, diastolic blood pressure, triglyceride levels, blood
sugar levels, and HDL. Only WHR that was not associated with diastolic blood pressure (p>0.005).

Table 4 shows the results of the analysis using multiple linear regression to determine
anthropometric indicators that are most associated with each metabolic profile and metabolic
syndrome score.

The results showed that BMI was the anthropometric indicator that is most associated with the
metabolic profiles, such as systolic blood pressure (p<0.001), blood sugar (p<0.05), and HDL (p
<0.001). In addition, waist circumference was the anthropometric indicator that is most associated
with triglycerides and metabolic syndrome score (p<0.001). Based on the Adjusted R2 value on the
metabolic syndrome score, we found that 37.5% of the metabolic syndrome score was related to
anthropometric indicators, such as WHtR, waist and hip circumference, WHR, BMI, and SAD. The rest
may be influenced by other variables that are not included in this study.

Discussion

The objective of this study was to determine the anthropometric indicators associated with
metabolic syndromes in female students. The study included 163 female students aged 19-24 years.
The students are in their late adolescents who begin to have an independent life. Inappropriate and
unhealthy eating behaviours will have an impact on the student’s nutritional status. Excessive
nutritional status and obesity will affect student’s body metabolism. Based on the study results,
33.1% of the subjects had a high metabolic syndrome (cMetS) score. In line with the previous study
conducted in 2019 on 18-to-21-year-old students at Diponegoro University, 20% of the subjects had
high cMetS (Rose et al., 2020). Meanwhile, a study conducted by Pratiwi et al in 2017 using secondary
data from the National Basic Health Research 2013 found that 19.98% of adolescents aged 15-24
years had high cMetS (Pratiwi, et al., 2017). Therefore, we conclude that there is a trend of Metabolic
Syndrome Score (cMetS) among young women in Semarang.
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The assessment of metabolic syndrome using a continuous type (scoring) rather than using a
dichotomy or binary (“yes” and “no”) is recommended (Christijani, 2019). An adolescent can be
diagnosed with metabolic syndrome if their Metabolic Syndrome Score (cMetS) >2.21 (Pratiwi, et al.,
2017). Anthropometric indicators used in this study are Waist and Height Ratio (WHtR), Waist-to-Hip
Ratio (WHR), Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and Waist Circumference.
Based on the correlation analyses, all anthropometric indicators have a significant positive
relationship with the Metabolic Syndrome Score (cMetS). Furthermore, the multivariate analyses
show that the anthropometric indicators of BMI and [RLPP] are strongly associated with cMetS.

According to the metabolic type, most of the subjects (54%) in this study had metabolic healthy
normal weight (MHNW) metabolic type. In this type, the individuals have a normal BMI and does not
show any metabolic risk. Our study also shows that 10.4% of the subjects were classified as metabolic
unhealthy normal weight (MUNW). The subjects’ BMI in this category is in the normal range but has
a high percentage of body fat that makes them at high risk of developing metabolic disorders (Eckel
et al., 2015; Suliga et al., 2015). Several recent cohort studies have shown a greater risk of type Il
diabetes mellitus in individuals with MUNW compared to individuals with MHNW (Arnlév et al., 2011;
Hadaegh et al., 2011; Aung et al., 2014; Jung et al., 2014; Hinnouho et al., 2015). Other studies have
shown that women with the MUNW type have a long-term impact of an increased risk of
cardiovascular diseases such as higher blood pressure, triglyceride and glucose levels as well as lower
levels of adiponectin, HDL, and LDL compared to women with the MHNW type (Kim et al., 2013).

In [ouristudy, 23.3% of the subjects belonged to the Metabolic Unhealthy Obese Weight (MUOW)

//[ Commented [ASUS9]: ???
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type. Subjects with this metabolic type have an obese BMI and have a high risk of developing
metabolic disorders. A study conducted in Japan on 29,564 subjects showed that individuals with
MUOW had a greater risk of developing type Il diabetes mellitus compared to individuals with MHOW
(Heianza et al., 2015).

We also found that 12.3% of the subjects were categorized as metabolic healthy obese weight
(MHOW). Individuals in this metabolic type have an obese BMI but do not show any metabolic risks.
Given the impact of obesity in relation to the risk of metabolic diseases, various studies have been
conducted to examine the long-term effects of MHOW. Individuals with MHOW had a different fat
distribution pattern (less ectopic and visceral fat), and lower inflammatory markers (Samocha-Bonet
et al., 2014). Other studies also have shown that women with MHOW had lower blood pressure,
triglyceride levels, and glucose levels, but higher levels of HDL, adiponectin, and LDL compared to
women with MUNW (Kim et al., 2013). This condition was associated with good diet quality in
individuals with MHOW. Based on National Health and Nutrition Examination Surveys (NHANES)
data, kamhi et allexamined the quality of diet in obese subjects, and found that adolescents and adult

this

women with the MHOW metabolic type had higher diet quality scores due to high intake of fruit,
whole grains, meat, and nuts[ (Cambhietal., 2015)].
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The correlation test results indicated that all anthropometric indicators had a positive
relationship with the metabolic syndrome scores with p <0.001. Meanwhile, the regression analyses
show that BMI and WHR were inversely related to cMetS. This is in line with research conducted by
[Lindy et al, who stated that an increase in the WHR value could be associated with the risk of
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metabolic syndrome in children and adolescents in Florida (Moore et al., 2015). A study conducted
by W—Bachir and Bakiri stated that there was a strong relationship between overweight and obese
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adolescents with metabolic syndrome‘ (Al-Bachir and Bakir, 2017)‘. Furthermore, a study conducted
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by L’-\drian‘ et al on 15-year-old adolescents in South Africa found that central obesity as measured by
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the hip circumference could lead to an increased risk of cardiovascular diseases and death. Therefore,
hip circumference and waist circumference can be used to predict the risk of cardiovascular diseases
and death in the future (Cameron et al., 2012).

Body Mass Index (BMI) is the most widely used indicator of measurement in epidemiological
studies and is used as a substitute for evaluating body composition. However, BMI cannot distinguish
fat from fat mass and lean mass, and it fails to show the presence of adipose and body fat distribution
(Ofer et al., 2019; Leone et al., 2020). However, the BMI cut-offs for metabolic syndrome has not yet
been determined (Ofer et al., 2019). Obesity in adolescents is generally assessed using a BMI of 225.0
kg/m?2. In this study, we only divided the subjects into normal nutritional status (18.5-25 kg/m?) and
obesity (225.0 kg/m?), and we found that 35.6% of the subjects were obese. The finding is in line with

the research conducted by [Sophia et all on the subject of students at Universitas Diponegoro aged //[ Commented [ASUS17]: Sophia and rose are same???

1

18-21 years. They found that 40% of their study population had obesity level | and 36.3% had obesity
level Il (Rose et al., 2020).

Abdominal obesity is often assessed to determine a metabolic syndrome in people. One of the
indicators used to measure abdominal obesity is the Waist-to-Hip Ratio (WHR) which is calculated by
dividing the waist circumference and the hip circumference. Measurement of waist circumference is
more sensitive in assessing the distribution of body fat in the abdominal wall, which is also a
component in the metabolic syndrome. The limit of the WHR value for female is > 0.85 (Rokhmah, et
al., 2015). This study shows that every 1% increase in the WHR value will increase the cMetS value
by 10.411. Hip circumference is also an indicator that has a strong correlation with cMetS, but many
studies have used it as a ratio along with waist circumference for assessing a person's central obesity
status.

5. Conclusion

Metabolic syndrome in female students in Semarang] can be identified using anthropometric __— Commented [ASUS18]: can these results be
measurements, one of which is BMI and WHR which are very easy to measure and efficient. In generalized? You can add the reason in

. . . . the discussion section
addition, the use of cMetS in the metabolic assessment of a person was found to be more effective.

Conflict of interest - Disclose any potential conflict of interest appropriately.
The authors declare no conflict of interest.
Acknowledgments

The authors would like to thank all the subjects who participated in this study. We would also like to
express our gratitude to The Ministry of Research, Technology and Higher Education, Indonesia” was
funded by the “Hibah Penelitian Dasar Unggulan Perguruan Tinggi (PDUPT) 2019.

95



290

291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336

References

Al-Bachir, M. and Bakir, M. A. (2017). Predictive value of body mass index to metabolic syndrome risk
factors in Syrian adolescents. Journal of Medical Case Reports, 11(1). doi: 10.1186/s13256-017-1315-
2.

Arnldv, J., Sundstrém, J., Ingelsson, E., Lind, L. (2011). Impact of BMI and the metabolic syndrome on the
risk of diabetes in middle-aged men. Diabetes Care, 34(1), 61-65. doi: 10.2337/dc10-0955.

Aung, K. K., Lorenzo, C., Hinojosa, M. A., Haffner, S. M. (2014). Risk of developing diabetes and
cardiovascular disease in metabolically unhealthy normal-weight and metabolically healthy obese
individuals. Journal of Clinical Endocrinology and Metabolism, 99(2), 462-468. doi: 10.1210/jc.2013-
2832.

Badan Penelitian dan Pengembangan Kesehatan. (2018). Riset Kesehatan Dasar (RISKESDAS) 2018.
Jakarta, Indonesia.

Cameron, A. J., Magliano, D. J., Shaw, J. E., Zimmet, P. Z., Carstensen, B., Alberti, K. G. M. M., Tuomilehto,
J., Barr, E. L. M., Pauvaday, V. K., Kowlessur, S., Séderberg, S. (2012). The influence of hip circumference
on the relationship between abdominal obesity and mortality. International Journal of Epidemiology,
41(2), 484-494. doi: 10.1093/ije/dyr198.

Cambhi, S. M., Whitney Evans, E., Hayman, L. L., Lichtenstein, A. H., Must, A. (2015). Healthy eating index
and metabolically healthy obesity in U.S. adolescents and adults. Preventive Medicine, 77, 23-27. doi:
10.1016/j.ypmed.2015.04.023.

Christijani, R. (2019). Determination of Diagnosis of Metabolic Syndrome based on Assessment of
Metabolic Syndrome and NCEP ATP-IIl Score in Adolescent. The Journal of Nutrition and Food Research,
42(1), 21-28. doi: 10.22435/pgm.v42i1.2418.

Devi, R., Manhas, S., Prasad, S., Sharma, S., Bhaskar, N., Mahajan, S. (2017). Short Review of Metabolic
Syndrome. International Journal of Research & Review, 4(2), p. 29.

Dieny, F. F., Setyaningsih, R. F., Fitranti, D. Y., Jauharany, F. F., Putra, Y. D., Tsani, A. F. A. (2020). Abdominal
diameter profiles have relationship with insulin resistance in obese female adolescents. Electronic
Journal of General Medicine, 17(5), p. em219. doi: 10.29333/ejgm/7882.

Eckel, N., Mhlenbruch, K., Meidtner, K., Boeing, H., Stefan, N., Schulze, M. B. (2015). Characterization of
metabolically unhealthy normal-weight individuals: Risk factors and their associations with type 2
diabetes. Metabolism: Clinical and Experimental, 64(8), 862—-871. doi: 10.1016/j.metabol.2015.03.009.

Eisenmann, J. C., Laurson, K. R., Dubose, K. D., Smith, B. K., Donnelly, J. E. (2010). Construct validity of a
continuous metabolic syndrome score in children. Diabetology and Metabolic Syndrome, 2(1). doi:
10.1186/1758-5996-2-8.

Firouzi, S. A., Tucker, L. A., LeCheminant, J. D., Bailey, B. W. (2018). Sagittal abdominal diameter, waist
circumference, and BMI as predictors of multiple measures of glucose metabolism: An NHANES
investigation of US adults. Journal of Diabetes Research, 2018, 1-14. doi: 10.1155/2018/3604108.

Hadaegh, F., Bozorgmanesh, M., Safarkhani, M., Khalili, D., Azizi, F. (2011). Predictability of body mass
index for diabetes: Affected by the presence of metabolic syndrome?. BMC Public Health, 11(1), p. 383.
doi: 10.1186/1471-2458-11-383.

Heianza, Y., Kato, K., Kodama, S., Ohara, N., Suzuki, A., Tanaka, S., Hanyu, O., Sato, K., Sone, H. (2015). Risk
of the development of Type 2 diabetes in relation to overall obesity, abdominal obesity and the
clustering of metabolic abnormalities in Japanese individuals: Does metabolically healthy overweight
really exist? The Niigata Wellness Study. Diabetic Medicine, 32(5), 665-672. doi: 10.1111/dme.12646.

Herningtyas, E. H. and Ng, T. S. (2019). Prevalence and distribution of metabolic syndrome and its
components among provinces and ethnic groups in Indonesia. BMC Public Health, 19(1), p. 377. doi:
10.1186/512889-019-6711-7.

Hinnouho, G. M., Czernichow, S., Dugravot, A., Nabi, H., Brunner, E. J., Kivimaki, M., Singh-Manoux, A.

56



337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384

(2015). Metabolically healthy obesity and the risk of cardiovascular disease and type 2 diabetes: The
Whitehall Il cohort study. European Heart Journal, 36(9), 551-559. doi: 10.1093/eurheartj/ehu123.
Jung, H. S., Chang, Y., Eun, Y. K., Kim, C. W., Choi, E.S., Kwon, M. J., Cho, J., Zhang, Y., Rampal, S., Zhao, D.,
Soo, K. H., Shin, H., Guallar, E., Ryu, S. (2014). Impact of body mass index, metabolic health and weight
change on incident diabetes in a Korean population. Obesity, 22(8), 1880-1887. doi:

10.1002/0by.20751.

Karimah, M. (2018). Rasio Lingkar Pinggal-panggul Memiliki Hubungan Paling Kuat dengan Kadar Glukosa
Darah’. Jurnal Berkala Epidemiologi, 6(3), 219-226.

Kim, M., Paik, J. K., Kang, R., Kim, S. Y., Lee, S. H., Lee, J. H. (2013). Increased oxidative stress in normal-
weight postmenopausal women with metabolic syndrome compared with metabolically healthy
overweight/obese individuals. Metabolism: Clinical and Experimental, 62(4), 554-560. doi:
10.1016/j.metabol.2012.10.006.

Leone, A. et al. (2020). Evaluation of different adiposity indices and association with metabolic syndrome
risk in obese children: Is there a winner?. International Journal of Molecular Sciences, 21(11), p. 4083.
doi: 10.3390/ijms21114083.

Li, Y. et al. (2018). Metabolic syndrome prevalence and its risk factors among adults in China: A nationally
representative cross-sectional study. PLoS ONE, 13(6), p. e0199293. doi:
10.1371/journal.pone.0199293.

Moore, L. M. et al. (2015). Analysis of Pediatric Waist to Hip Ratio Relationship to Metabolic Syndrome
Markers. Journal of Pediatric Health Care, 29(4), 319-324. doi: 10.1016/j.pedhc.2014.12.003.

Ofer, K. et al. (2019). Normal body mass index (BMI) can rule out metabolic syndrome: An Israeli cohort
study. Medicine, 98(9), p. e14712. doi: 10.1097/MD.0000000000014712.

Okosun, 1. S., Boltri, J. M., et al. (2010). Continuous metabolic syndrome risk score, body mass index
percentile, and leisure time physical activity in American children. Journal of Clinical Hypertension,
12(8), 636-644. doi: 10.1111/j.1751-7176.2010.00338.x.

Okosun, I. S., Lyn, R., et al. (2010). Validity of a Continuous Metabolic Risk Score as an Index for Modeling
Metabolic Syndrome in Adolescents. Annals of Epidemiology, 20(11), 843-851. doi:
10.1016/j.annepidem.2010.08.001.

Okura, T. et al. (2018). Body mass index 223 is a risk factor for insulin resistance and diabetes in Japanese
people: A brief report. PLOS ONE. Edited by P. Bjornstad, 13(7), p. e0201052. doi:
10.1371/journal.pone.0201052.

Pajunen, P. et al. (2013). Sagittal abdominal diameter as a new predictor for incident diabetes. Diabetes
Care, 36(2), 283-288. doi: 10.2337/dc11-2451.

Pratiwi, Z. A., Hasanbasri, M. and Huriyati, E. (2017). Penentuan titik potong skor sindroma metabolik
remaja dan penilaian validitas diagnostik parameter antropometri: analisis Riskesdas 2013. Jurnal Gizi
Klinik Indonesia, 14(2), p. 80. doi: 10.22146/ijcn.25590.

Prybyla, O. (2020). Metabolic phenotyping: is it so important?. Journal of Cognitive Neuropsychology.
iMedPub., 4(1), 1-3.

Rodea-Montero, E. R., Evia-Viscarra, M. L. and Apolinar-Jiménez, E. (2014). Waist-to-height ratio is a better
anthropometric index than waist circumference and BMI in predicting metabolic syndrome among
obese mexican adolescents. International Journal of Endocrinology, 2014, 195407. doi:
10.1155/2014/195407.

Rokhmah, F. D., Handayani, D. and Al-Rasyid, H. (2015). Korelasi lingkar pinggang dan rasio lingkar
pinggang-panggul terhadap kadar glukosa plasma menggunakan tes toleransi glukosa oral. Jurnal Gizi
Klinik Indonesia, 12(1), 28-35. doi: 10.22146/ijcn.22425.

Rose, S., Dieny, F. F., Nuryanto, N., Tsani, A. F. A. (2020). The correlation between waist-to-height ratio
(wHtR) and second to fourth digit ratio (2D:4D) with an increase in metabolic syndrome scores in obese
adolescent girls. Electronic Journal of General Medicine, 17(3), p. em211. doi: 10.29333/ejgm/7872.

Y



385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412

Samocha-Bonet, D., Dixit, V. D., Kahn, C. R., Leibel, R. L., Lin, X., Nieuwdorp, M., Pietildinen, K. H., Rabasa-
Lhoret, R., Roden, M., Scherer, P. E., Klein, S., Ravussin, E. (2014). Metabolically healthy and unhealthy
obese - The 2013 stock conference report. Obesity Reviews, 15(9), 697-708. doi: 10.1111/0br.12199.

Soewondo, P., Purnamasari, D., Oemardi, M., Waspadji, S., Soegondo, S. (2010). Prevalence of Metabolic
Syndrome Using NCEP/ATP Il Criteria in Jakarta, Indonesia: The Jakarta Primary Non-communicable
Disease Risk Factors Surveillance 2006. Acta Med Indones., 42(4), 199-203.

Sri Rahayu, M. and Maulina, M. (2017). Hubungan Rasio Lingkar Pinggang dan Lingkar Pinggul dengan
Penyakit  Jantung Koroner. Jurnal Aceh  Medika, 1(1), 1-10. Available at:
www.jurnal.abulyatama.ac.id/acehmedika (Accessed: 8 April 2021).

Srikanthan, K., Feyh, A., Visweshwar, H., Shapiro, J. I., Sodhi, K.(2016). Systematic review of metabolic
syndrome biomarkers: A panel for early detection, management, and risk stratification in the West
Virginian population. International Journal of Medical Sciences, 13(1), 25—-38. doi: 10.7150/ijms.13800.

Suliga, E., Koziet, D., Ciedla, E., Gtuszek, S. (2015). Association between dietary patterns and metabolic
syndrome in individuals with normal weight: A cross-sectional study. Nutrition Journal, 14(1), p. 55.
doi: 10.1186/s12937-015-0045-9.

Sumardiyono, S., Pamungkasari, E. P., Mahendra, A. G., Utomo, O. S., Mahajana, D., Cahyadi, W. R., Ulfia,
M. (2018). Hubungan Lingkar Pinggang dan Lingkar Panggul dengan Tekanan Darah pada Pasien
Program Pengelolaan Penyakit Kronis (Prolanis). Smart Medical Journal, 1(1), p. 26. doi:
10.13057/smj.v1i1.24504.

Susetyowati, S. (2016). Gizi Remaja, in IImu Gizi: Teori dan Aplikasi. Jakarta, Indonesia: EGC, 160-164.

Zhang, Y. X., Wang, Z. X., Chu, Z. H., Zhao, J. S. (2016). Profiles of body mass index and the nutritional
status among children and adolescents categorized by waist-to-height ratio cut-offs. International
Journal of Cardiology, 223, 529-533. doi: 10.1016/].ijcard.2016.07.303.

Zhou, D., Yang, M., Yuan, Z. P., Zhang, D. D., Liang, L., Wang, C. L., Zhang, S., Zhu, H. H., Lai, M. D., Zhu, Y.
M. (2014) . Waist-to-Height Ratio: A simple, effective and practical screening tool for childhood obesity
and metabolic syndrome. Preventive Medicine, 67, 35-40. doi: 10.1016/j.ypmed.2014.06.025.

58



413  Tables and Figures — 1 PAGE 1 TABLE/FIGURE. PLACE ALL TABLES AND FIGURES AT THE END OF THE
414  MANUSCRIPT BODY AFTER THE REFERENCES

415 Table 1. Minimum, Maximum, Average and Standard Deviation
Variabel Minimum Maximum Mean SD
Anthropometric Indicators
WHIR (rasio) 0.37 0.71 0.51 0.07
RLPP (rasio) 0.67 0.96 0.80 0.06
BMI (kg/m?) 15.81 39.30 24.04 4.72
Sagital Abdominal Diameter (cm) 11.35 25.50 16.79 2.42
Hip Circumference (cm) 80.60 138.45 98.96 9.30
Waist Circumference (cm) 58.00 112.10 79.44 10.78
Metabolic Profiles
Blood Glucose Levels (mg/dL) 66.00 110.00 92.00 7.59
Trygliceride Levels (mg/dL) 29.00 309.00 88.35 44.68
Cholesterol Levels HDL (mg/dL) 36.00 109.00 61.73 26.43
Sistolic Blood Pressure (mmHg) 84.00 144.00 114.63 11.13
Diastolic Blood Pressure (mmHg) 55.00 178.00 82.40 55.52
cMetsS (Score of Metabolic Syndrome)  -7.10 11.93 0.01 2.90
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Table 2. Anthropometric Overview and Components of Metabolic Syndrome

Characteristics

n

%

Anthropometric
Body Mass Index (BMI)

Normal (<0.50)

Risk (20.50)
Waist Hip Ratio

Normal (<0.85)

Normal (£19.3 cm)
Risk (>19.3 cm)
Wait Circumference
Normal (<80 cm)
Obese (<80 cm)
Metabolic Profiles
Blood Glucose Levels

High (2110 mg/dL)
Triglycerides

Cholesterol HDL

Sistolic Blood Pressure

High (=85 mg/dL)

Normal (<2.21)
Risk (>2.21)
|Tipe Metabolik]

Underweight (< 18.5 kg/m?) 6 3.7
Normal (18.5 — 22.9 kg/m?) 71 436
Overweight (23-24.9 kg/m?) 28 17.2
Obese (225.0 kg/m?) 58 356
Waist Height Ratio (WHtR)
45 27.6
118 724
127 779
Central Obesity (>0.85) 36 221
Sagital Abdominal Diameter (SAD)
143 87.7
20 123
73 4438
90 55.2
Normal (<110 mg/dL) 136 83.4
27 16.6
Normal (<150 mg/dL) 149 914
High (2150 mg/dL) 14 86
Normal (2150 mg/dL) 135 82.8
‘Rendah] (<150 mg/dL) 28 17.2
Normal (<130 mg/dL) 136 83.4
High (2130 mg/dL) 27 16.6
Diastolic Blood Pressure
Normal (<85 mg/dL) 128 78.5
35 215
cMetS (Score of Metabolic Syndrome)
109 66.9
54 331
Metabolic Unhealthy Normal Weight (MUNW) 17 104
Metabolic Healthy Normal Weight (MHNW) 88 54
Metabolic Unhealthy Obese Weight (MUOW) 38 233
Metabolic Healthy Obese Weight (MHOW) 20 123
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436 Table 3.The Relationship between Anthropometric Indicators and Metabolic Profiles (Blood Pressure,

437 Triglycerides, Blood Sugar, HDL and metabolic syndrome scores)
Variable Sistolic BP Distolic BP TG Blood Glucose HDL cMetS

r p r p r p r p r p r p

WHtR 0.358 <0.001 0.306 <0.001 0.289 <0.001 0.210 0.007 -0.266 0.001 0.599 <0.001
BMI 0.370 <0.001 0.313 <0.001 0.315 <0.001 0.221 0.005 -0.292 <0.001 0.600 <0.001
SAD 0.352 <0.001 0.284 <0.001 0.278 <0.001 0.191 0.015 -0.264 0.001 0.575 <0.001
WC 0.377 <0.001 0.284 <0.001 0.295 <0.001 0.212 0.005 -0.243 0.002 0.616 <0.001
HC 0.369 <0.001 0.332 <0.001 0.302 <0.001 0.179 0.002 -0.273 <0.001 0.581 <0.001
WHR 0.244 0.002 0.128 0.104 0.194 0.013 0.172 0.028 -0.149 0.048 0.415 <0.001

438

439

61



440 Table 4. Anthropometric indicators most associated with metabolic components and metabolic

441 syndrome scores

Variable Sistolic BP

lKonstanta] usce p1® p2° YAdjusted R?
BMmI 91.759 0.951 <0.001 <0.001 0.158

Blood Glucose Levels

Konstantd usce p1® p2° Adjusted R?
BMI 83.454 0.355 0.005 <0.001 0.043

HDL

Konstantd usce p1® p2° Adjusted R?
BMI 81.429 -0.819 <0.001 <0.001 0.080

Triglycerides

lKonstanta] usce p1® p2° Adjusted R?
wc -6.614 1.195 <0.001 <0.001 0.078

Score of Metabolic Syndrome

Konstantd usce p1® p2° Adjusted R?
wc -13.163 0.166 <0.001 <0.001 0.375

442  ‘2Unstandardized Coefficient, ® p-value, ¢ p lUji‘ F (ANOVA), dlKoefisien Determinasi

//[ Commented [ASUS21]:

Translate in english

{ Commented [ASUS22]:

Translate in english

{ Commented [ASUS23]:

Translate in english

//[ Commented [ASUS24]:

Translate in english

[ Commented [ASUS25]:

Translate in english

//[ Commented [ASUS26]:

Translate in english

Commented [ASUS27]:

Translate in english

62



O 00 N O Un

10
11
12
13
14
15
16
17
18
19
20
21

22

23

24

25

26
27
28
29
30
31

32
33
34
35
36
37
38

Anthropometry indicators that are most related to female student's
metabolic profiles

Abstract

Metabolic syndrome is not a disease, but is a set of several disorders and causes an increased risk of
cardiovascular disease and diabetes mellitus complications. Several studies have shown that non-invasive
approaches such as anthropometric measurements can be used for early detection of metabolic
syndrome. This study aims to analyse the anthropometric indicators related to metabolic syndrome in
female students. This cross-sectional study with a total of 163 female students, aged between 19 and 24
years old. Purposive sampling was used in this study. The independent variables in this study were the
Waist-to-Height Ratio (WHtR), Waist-Hip Ratio (WHR), Body Mass Index (BMI), Sagittal Abdominal
Diameter (SAD), and hip circumference. The dependent variable in this study is the metabolic syndrome
component that has been converted into a metabolic syndrome score (cMetS). The analysis results
showed that all anthropometric indicators, namely WHtR, BMI, SAD, waist circumference, hip
circumference and WHR have a strong positive relationship with the metabolic syndrome score (p<0.001).
BMI was the anthropometric indicator that is most associated with the metabolic profiles, such as systolic
blood pressure (p<0.001), blood sugar (p<0.05), and HDL (p<0.001). Waist circumference was the
anthropometric indicator that is most associated with triglycerides and metabolic syndrome score
(p<0.001). Metabolic syndrome in female students in Semarang can be identified using anthropometric
measurements, one of which is BMI and WHR which are very easy to measure and efficient. In addition,
the use of cMetS in the metabolic assessment of a person was found to be more effective.

Keywords: Adolescent; Anthropometric Indicator; Female; Metabolic Profile; Metabolic Syndrome.

1. Introduction

Metabolic syndrome is a set of body metabolic disorders such as dyslipidaemia, hyperglycaemia,
hypertension, and central obesity (Srikanthan et al., 2016; Devi et al., 2017; Christijani, 2019).
Metabolic syndrome is not a disease, but is a set of several disorders and causes an increased risk of
cardiovascular disease and diabetes mellitus complications. Some epidemiological studies have
shown that metabolic syndrome doubles the risk of cardiovascular diseases (Sri Rahayu and Maulina,
2017).

[Several studies found that the prevalence of metabolic syndrome keeps increasing every year. lA_// Commented [A1]: If the main sentence in this paragraph
is in this first sentence, make the other sentence to support

study in China shows the prevalence of metabolic syndrome in adults was 24.2% (Li et al., 2018).
L’-\nother study indicated that the prevalence of metabolic syndrome in Indonesia was 21.66%[
(Herningtyas and Ng, 2019). In recent studies metabolic syndrome can be assessed using the
continuous value of metabolic syndrome (cMets) or the metabolic syndrome score recommended by
the American Diabetic Association of Diabetes. The metabolic syndrome score is a z-score resulting
from the assessment of all components of the metabolic syndrome (Pratiwi, et al., 2017). The

the main.

Commented [A2]: In what subjects ?

63



39
40
41
42

43
44
45
46
47
48
49
50

51
52
53
54
55
56
57
58

59
60
61
62
63
64
65
66
67
68

69
70
71
72
73
74
75
76
77
78
79

advantages of using cMetS are (1) reducing dichotomization factors because cardiovascular disease
is a progression of several components of the metabolic syndrome, (2) cMetS is more sensitive and
less error-prone than categoric metabolic syndrome assessments, (3) increasing the statistical power
(Okosun, Lyn, et al., 2010).

Central obesity is one of the components of metabolic syndrome parameters. Central obesity is
associated with increased blood pressure, serum triglycerides, decreased HDL, and glucose
intolerance. Based on the National Basic Health Research (Riskesdas) in 2018, the prevalence of
obesity in adults was 21.8%, and the prevalence of central obesity at age of more than 15 years
increased from 26.6% in 2013 to 31% in 2018 (Badan Penelitian dan Pengembangan Kesehatan,
2018). Obesity is closely related to degenerative diseases. The Riskesdas 2018 showed that the
prevalence of stroke, diabetes mellitus, heart disease, and hypertension is higher in women than
men.

Several studies have shown that non-invasive approaches such as anthropometric measurements

can be used for early detection of metabolic syndrome (Pratiwi, et al., 2017)[. ]ﬁnthropometric ——1 Commented [A3]: Connect with the subjects taken in this
measurements are described as the measurements of body dimensions and body composition to research which is college female students

assess nutritional status. The advantages of anthropometric measurements are relatively fast and
easy, as it can be performed using portable and calibrated instruments with standardized methods
(Rokhmah, et al., 2015). Some anthropometric measurements that can be used for early detection
of metabolic syndrome are Waist-to-Height Ratio (WHtR), waist-to-hip ratio (WHR), hip
circumference, Body Mass Index (BMI), Sagital Abdominal Diameter (SAD).

One of the anthropometric measurements which can be a parameter for central obesity is the
ratio of waist circumference to height (WHtR). The instruments used in the measurement are
microtoise and measuring tape so that it takes longer time. Studies on waist circumference have been
shown to have ‘a strong correlation with abdominal fat deposits ‘(Zhou et al., 2014). The distribution [Commented [A4]: Please add r value ]
of abdominal adipose tissue (central obesity) in adults is associated with a component of the
metabolic syndrome (Rodea-Montero, et al., 2014). A study on adult subjects has shown that people
who have the same waist circumference but are shorter in height lhave a greater risk bf developing ///[ Commented [A5]: How many time ? ]
metabolic syndrome than taller people (Zhou et al., 2014). Therefore, WHtR can be used as a simple
and effective anthropometric index to identify the metabolic risk associated with obesity (Rodea-
Montero, et al., 2014).

|The] waist-to-hip ratio (WHR) is a measurement that may indicate central obesity (Karimah, 2018). Commented [A6]: Please add conjunction word or
The higher the WHR value, the higher the risk level for several metabolic diseases. The waist-to-hip SSEER D Eoiies: Wil and previotislantiopometiis
ratio is calculated by dividing the measurement of the waist circumference by the circumference of 'tr:i'Zaiftfzrrg;]?:‘gg:;s:;azgir:sitﬁgrzéd'ng heinlanvy
the hip. The cut-off points for WHR are >1.0 for men and >0.85 for women (Rokhmah, et al., 2015).
Individuals with a high waist and hip circumference will also have a higher distribution of fat in their
abdominal area. Irregular fats distribution in the abdominal area indirectly causes higher triglyceride
levels circulating in the blood, which will affect blood pressure (Sumardiyono et al., 2018). WHR
measurement is more sensitive in assessing the distribution of fat in the body, especially in the
abdominal. This measurement is three times better than BMI in reflecting the presence of harmful
fats in the abdominal. Measurement of waist circumference is performed by determining the lower
part of arcus costae and crista iliaca (Sri Rahayu and Maulina, 2017).
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[Body Mass Index (BMI) is]a practical and easy measurement to perform, but it cannot distinguish

between fat mass, bone mass and muscle mass. BMI is calculated as body weight (kg) / height
squared (m?) (Okura et al., 2018). BMI can be used as the first measurement before any other
anthropometric measurements.

[Sagittal Abdominal Diameter (SAD) ‘or the height of the abdomen while the subjects are in lying

position. This anthropometric measurement has not been widely used to measure fat tissue in the
abdominal area. SAD measurements using computed tomography or magnetic resonance imaging,
and are associated with components of metabolic syndrome. The measurements of SAD are taken
when the subject is lying down on the examination table with naked upper body. SAD is related to
central obesity in individuals with obese and normal nutritional status. Furthermore, SAD is
associated with diabetes mellitus and a predictor of cardiovascular disease incidence, even when SAD
is measured in standing position (Pajunen et al., 2013). Based on the abovementioned problems, our
study aims to analyse the anthropometric indicators related to metabolic syndrome in female
students.

2. Materials and methods

2.1 Design, location, and time

The scope of this study is community nutrition with a cross-sectional study design.
Anthropometric and biochemical data were collected at the Cito Laboratory, Banyumanik Semarang
with |health protocols applied]. The study started from March to July 2020.

2.2 Samplings

This study was conducted during the SARS-CoV-2 outbreak, which later was named COVID-19 by
the WHO, so the registration for study participants was done online. The inclusion criteria were
female students aged 19-24, resided in Semarang, willing to be a study participant and willing to
follow a series of study instructions. Subjects were asked to fill in personal data using a Google form;

and eligible subjects will be contacted by the researchers to plan a direct meeting. lPurposiveL///

sampling was used in this study and the total number of subjects required was 163.

2.3 Data collected

The independent variables in this study were the Waist-to-Height Ratio (WHtR), Waist-Hip Ratio
(WHR), Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and hip circumference.
Bodyweight was measured using a digital scale to the nearest 0.01 kg, height was measured using a
microtoise to the nearest 0.1 cm, waist circumference and hip circumference was measured using a
measuring tape (Medline) to the nearest 1 mm and abdominal height was measured using the
Abawerk Schaffenburg abdominal calliper to the nearest 1 mm. SAD measurements were performed
with the subject in a supine position on a flat surface with both knees forming an angle of 90° (Firouzi
etal., 2018)|

The cut-off point used in this study refers to previous studies because it had been adjusted for the
Asian race (Rose et al., 2020). Each anthropometric measurement is stated as “at risk” if the
individuals have >0.50 for WHtR (Zhang et al., 2016), > 0.85 for WHR (Rokhmah, et al., 2015) , > 19.3

cm for (Dieny et al., 2020), and have the normal to overweight BMI (18.5 - 25 kg/m?) or obese [BMOI‘

(225.0 kg/m?) (Susetyowati, 2016).
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The dependent variable in this study is the metabolic syndrome component that has been
converted into a metabolic syndrome score (cMetS) with the cut-off point on cMetS> 2.21 (Rose et
al., 2020). The guidelines for metabolic syndrome in this study are taken from the National
Cholesterol Education Program-Adult Treatment Panel (NCEP-ATP Ill) 2005 which has been
frequently used in Indonesia. There are 5 parameters to assess metabolic syndrome: (1) fasting blood
glucose levels 2110 mg/dL, (2) triglyceride levels 2150 mg/dL (3) HDL cholesterol levels <50 mg/dL,
(4) central obesity in women with waist circumference 280 ¢cm, and (5) systolic and diastolic blood
pressures 2130 mmHg and 285 mmHg, respectively (Soewondo et al., 2010). The calculation of the
metabolic syndrome score (cMetS) was done in the following steps: (1) after measuring all
parameters of the metabolic syndrome, standardisation was carried out to obtain a Z-score; (2) the
blood pressure must be converted into Mean Arterial Blood (MAP) by dividing the difference
between systolic and diastolic blood pressure by three and summed with the diastolic blood
pressure; (3) the HDL cholesterol standardisation results were multiplied by (-1) because the
parameter was inversely related to the risk of metabolic syndrome; (4) All Z-scores were added to
obtain the cMetS values; (5) The final step was to compare the cMetS values with the cut-off point
of 22,21 (Eisenmann et al., 2010; Okosun, Boltri, et al., 2010; Rose et al., 2020). The subjects were
instructed to do fasting for at least 8 hours; only drinking water was permitted.

Other than the cMetS score, metabolic syndrome risk can also be assessed from the classification
of metabolic types. This classification combines the internal and external signs of the body such as
biochemical parameters, the ratio of subcutaneous fat to abdominal fat, and blood pressure (Prybyla
0, 2020). The main phenotypes that reflect the possible combination of metabolic profile and the
degree of obesity are metabolic healthy obese weight, metabolic healthy normal weight, metabolic
unhealthy normal weight, and metabolic unhealthy normal weight.

P.4 Data analysiﬁ

Statistical analyses were performed using SPSS Statistical software. This study has received an
ethical clearance issued by the Medical/Health Research Bioethics Commission, Faculty of Medicine,
Sultan Agung Islamic University Semarang with Number No.296 /IX /2020 /Bioethical Commission.

\Results and discussion/Results

The subject characteristics measured in female student aged 19-24 years include age,
anthropometric indicators, and metabolic syndromes. Table 1 shows the characteristics of the study
subjects. |The mean of WHtR value in this study was 0.51. Meanwhile, the mean of WHR was 0.80; the
mean of BMI was 24.04 kg/m?; the mean of SAD was 16.79 cm; and the mean of waist circumference
was 79.44 cm.\

Table 2 shows various nutritional status of the subjects based on BMI. Me found that 43.6% of the
subjects had normal BMI, 17.2% were overweight and 35.6% were obese. ‘Based on the WHtR

anthropometric indicator, 72.4% of subjects were at risk of having obesity; based on WHR, 22.1% had
central obesity; based on BMI, 35.6% were obese; based on SAD 12.3% of the subjects were at risk;
and based on waist circumference 55.2% had central obesity. According to the metabolic profile that
was assessed, 16.6% had high FBG levels, 8.6% had hypertriglycerides, 17.2% had low HDL, 16.6% had
high systolic blood pressure, and 21.5% had high diastolic blood pressure. In addition, we found 33.1%
of the subjects had high metabolic syndrome (cMetS) scores. This proportion was similar to the
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assessment based on the metabolic type of unhealthy subjects (subjects who had > 3 risk factors of
the metabolic profile), which was 33.7%. Moreover, two subjects had five risk factors: abdominal
obesity, hypertension, hyperglycaemia, hypertriglycerides, and low HDL.

[If we are considering metabolic type based on nutritional status (subjects with non-obese BMI
(<25kg/m?) with metabolic healthy and metabolic unhealthy and subjects with obese BMI (> 25kg/m?)
with metabolic healthy and metabolic unhealthy), kubjects are categorised as metabolic unhealthy

(experiencing metabolic syndrome) if they fulfil > 3 risk factors including high waist circumference,
blood pressure, GDP and triglyceride levels, and low HDL levels. Based on these criteria, we found that
10.4% of the subjects had metabolic unhealthy normal weight (MUNW) and 23.3% of the subjects had
metabolic unhealthy obesity weight (MUOW). In non-obese subjects, 54% of them were metabolic
healthy.

Table 3 and Table 4 show the results of statistical analyses on anthropometric indicators related
to the metabolic syndromes. Table 3 shows the bivariate statistical analysis using the Pearson
correlation test. The analysis results showed that all anthropometric indicators, namely WHtR, BMI,
SAD, waist circumference, hip circumference and WHR have a strong positive relationship with the
metabolic syndrome score (p<0.001), which means that the higher the anthropometric value, the
higher the metabolic syndrome score. In addition, the analysis on the relationship between
anthropometric indicators and each metabolic profile revealed that almost all of the independent
variables (WHtR, waist and hip circumference, WHR, BMI, and SAD) were associated with each
metabolic profile, such as baseline systolic pressure, diastolic blood pressure, triglyceride levels, blood
sugar levels, and HDL. Only WHR that was not associated with diastolic blood pressure (p>0.005).

|Tab|e 4 shows the results of the analysis using multiple linear regression to determine
anthropometric indicators that are most associated with each metabolic profile and metabolic
syndrome score.‘

The results showed that BMI was the anthropometric indicator that is most associated with the
metabolic profiles, such as systolic blood pressure (p<0.001), blood sugar (p<0.05), and HDL (p
<0.001). In addition, waist circumference was the anthropometric indicator that is most associated
with triglycerides and metabolic syndrome score (p<0.001). Based on the Adjusted R2 value on the
metabolic syndrome score, we found that 37.5% of the metabolic syndrome score was related to
anthropometric indicators, such as WHtR, waist and hip circumference, WHR, BMI, and SAD. The rest
may be influenced by other variables that are not included in this study.

Discussion

The objective of this study was to determine the anthropometric indicators associated with
metabolic syndromes in female students. The study included 163 female students aged 19-24 years.
The students are in their late adolescents who begin to have an independent life. Inappropriate and
unhealthy eating behaviours will have an impact on the student’s nutritional status. Excessive
nutritional status and obesity will affect student’s body metabolism. Based on the study results,
33.1% of the subjects had a high metabolic syndrome (cMetS) score. In line with the previous study
conducted in 2019 on 18-to-21-year-old students at Diponegoro University, 20% of the subjects had
high cMetS (Rose et al., 2020). Meanwhile, a study conducted by Pratiwi et al in 2017 using secondary
data from the National Basic Health Research 2013 found that 19.98% of adolescents aged 15-24
years had high cMetS (Pratiwi, et al., 2017). Therefore, we conclude that there is a trend of Metabolic
Syndrome Score (cMetS) among young women in Semarang.
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The assessment of metabolic syndrome using a continuous type (scoring) rather than using a
dichotomy or binary (“yes” and “no”) is recommended (Christijani, 2019). An adolescent can be
diagnosed with metabolic syndrome if their Metabolic Syndrome Score (cMetS) >2.21 (Pratiwi, et al.,
2017). Anthropometric indicators used in this study are Waist and Height Ratio (WHtR), Waist-to-Hip
Ratio (WHR), Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and Waist Circumference.
Based on the correlation analyses, all anthropometric indicators have a significant positive
relationship with the Metabolic Syndrome Score (cMetS). Furthermore, the multivariate analyses
show that the anthropometric indicators of BMI and RLPP are strongly associated with cMetS.

According to the metabolic type, most of the subjects (54%) in this study had metabolic healthy
normal weight (MHNW) metabolic type. In this type, the individuals have a normal BMI and does not
show any metabolic risk. Our study also shows that 10.4% of the subjects were classified as metabolic
unhealthy normal weight (MUNW). The subjects’ BMI in this category is in the normal range but has
a high percentage of body fat that makes them at high risk of developing metabolic disorders (Eckel
et al., 2015; Suliga et al., 2015). Several recent cohort studies have shown a greater risk of type Il
diabetes mellitus in individuals with MUNW compared to individuals with MHNW (Arnlév et al., 2011;
Hadaegh et al., 2011; Aung et al., 2014; Jung et al., 2014; Hinnouho et al., 2015). Other studies have
shown that women with the MUNW type have a long-term impact of an increased risk of
cardiovascular diseases such as higher blood pressure, triglyceride and glucose levels as well as lower

levels of adiponectin, HDL, and LDL compared to women with the MHNW type (Kim et al., 2013)“_/ Commented [A20]: Incorporate with the age base

In our study, 23.3% of the subjects belonged to the Metabolic Unhealthy Obese Weight (MUOW)
type. Subjects with this metabolic type have an obese BMI and have a high risk of developing
metabolic disorders. A study conducted in Japan on 29,564 subjects showed that individuals with
MUOW had a greater risk of developing type Il diabetes mellitus compared to individuals with MHOW
(Heianza et al., 2015).

We also found that 12.3% of the subjects were categorized as metabolic healthy obese weight
(MHOW). Individuals in this metabolic type have an obese BMI but do not show any metabolic risks.
Given the impact of obesity in relation to the risk of metabolic diseases, various studies have been
conducted to examine the long-term effects of MHOW. Individuals with MHOW had a different fat
distribution pattern (less ectopic and visceral fat), and lower inflammatory markers (Samocha-Bonet
et al., 2014). Other studies also have shown that women with MHOW had lower blood pressure,
triglyceride levels, and glucose levels, but higher levels of HDL, adiponectin, and LDL compared to
women with MUNW (Kim et al., 2013). This condition was associated with good diet quality in
individuals with MHOW. Based on National Health and Nutrition Examination Surveys (NHANES)
data, Camhi et al examined the quality of diet in obese subjects, and found that adolescents and adult
women with the MHOW metabolic type had higher diet quality scores due to high intake of fruit,
whole grains, meat, and nuts (Camhi et al., 2015).

The correlation test results indicated that all anthropometric indicators had a positive
relationship with the metabolic syndrome scores with p <0.001. Meanwhile, the regression analyses
show that BMI and WHR were inversely related to cMetS. This is in line with research conducted by
Lindy et al, who stated that an increase in the WHR value could be associated with the risk of
metabolic syndrome in children and adolescents in Florida (Moore et al., 2015). A study conducted
by Al-Bachir and Bakir stated that there was a strong relationship between overweight and obese
adolescents with metabolic syndrome (Al-Bachir and Bakir, 2017). Furthermore, a study conducted
by Adrian et al on 15-year-old adolescents in South Africa found that central obesity as measured by

subject, and describe the reasons.
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the hip circumference could lead to an increased risk of cardiovascular diseases and death. Therefore,
hip circumference and waist circumference can be used to predict the risk of cardiovascular diseases
and death in the future (Cameron et al., 2012).

Body Mass Index (BMI) is the most widely used indicator of measurement in epidemiological
studies and is used as a substitute for evaluating body composition. However, BMI cannot distinguish
fat from fat mass and lean mass, and it fails to show the presence of adipose and body fat distribution
(Ofer et al., 2019; Leone et al., 2020). However, the BMI cut-offs for metabolic syndrome has not yet
been determined (Ofer et al., 2019). Obesity in adolescents is generally assessed using a BMI of 225.0
kg/m?2. In this study, we only divided the subjects into normal nutritional status (18.5-25 kg/m?) and
obesity (225.0 kg/m?), and we found that 35.6% of the subjects were obese. The finding is in line with
the research conducted by Sophia et al on the subject of students at Universitas Diponegoro aged
18-21 years. They found that 40% of their study population had obesity level | and 36.3% had obesity
level Il (Rose et al., 2020).

Abdominal obesity is often assessed to determine a metabolic syndrome in people. One of the
indicators used to measure abdominal obesity is the Waist-to-Hip Ratio (WHR) which is calculated by
dividing the waist circumference and the hip circumference. Measurement of waist circumference is
more sensitive in assessing the distribution of body fat in the abdominal wall, which is also a
component in the metabolic syndrome. The limit of the WHR value for female is > 0.85 (Rokhmah, et
al., 2015). This study shows that every 1% increase in the WHR value will increase the cMetS value
by 10.411. Hip circumference is also an indicator that has a strong correlation with cMetS, but many
studies have used it as a ratio along with waist circumference for assessing a person's central obesity
status.

5. Conclusion

Metabolic syndrome in female students in Semarang can be identified using anthropometric
measurements, one of which is BMI and WHR which are very easy to measure and efficient. In

addition, the use of cMetS in the metabolic assessment of a person was found to be hore effective. | Commented [A21]: Compared to ? incorporate with the
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416 Table 1. Minimum, Maximum, Average and Standard Deviation
Variabel Minimum Maximum Mean SD
Anthropometric Indicators
WHIR (rasio) 0.37 0.71 0.51 0.07
RLPP (rasio) 0.67 0.96 0.80 0.06
BMI (kg/m?) 15.81 39.30 24.04 4.72
Sagital Abdominal Diameter (cm) 11.35 25.50 16.79 2.42
Hip Circumference (cm) 80.60 138.45 98.96 9.30
Waist Circumference (cm) 58.00 112.10 79.44 10.78
Metabolic Profiles
Blood Glucose Levels (mg/dL) 66.00 110.00 92.00 7.59
Trygliceride Levels (mg/dL) 29.00 309.00 88.35 44.68
Cholesterol Levels HDL (mg/dL) 36.00 109.00 61.73 26.43
Sistolic Blood Pressure (mmHg) 84.00 144.00 114.63 11.13
Diastolic Blood Pressure (mmHg) 55.00 178.00 82.40 55.52
cMetsS (Score of Metabolic Syndrome)  -7.10 11.93 0.01 2.90
417

418
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Table 2. Anthropometric Overview and Components of Metabolic Syndrome

Characteristics

n

%

Anthropometric
Body Mass Index (BMI)
Underweight (< 18.5 kg/m?)
Normal (18.5 — 22.9 kg/m?)
Overweight (23-24.9 kg/m?)
Obese (225.0 kg/m?)
Waist Height Ratio (WHtR)
Normal (<0.50)
Risk (=0.50)
Waist Hip Ratio
Normal (<0.85)
Central Obesity (>0.85)
Sagital Abdominal Diameter (SAD)
Normal (£19.3 cm)
Risk (>19.3 cm)
Wait Circumference
Normal (<80 cm)
Obese (<80 cm)
Metabolic Profiles
Blood Glucose Levels
Normal (<110 mg/dL)
High (2110 mg/dL)
Triglycerides
Normal (<150 mg/dL)
High (2150 mg/dL)
Cholesterol HDL
Normal (2150 mg/dL)
Rendah (<150 mg/dL)
Sistolic Blood Pressure
Normal (<130 mg/dL)
High (2130 mg/dL)
Diastolic Blood Pressure
Normal (<85 mg/dL)
High (=85 mg/dL)
cMetS (Score of Metabolic Syndrome)
Normal (<2.21)
Risk (>2.21)
Tipe Metabolik
Metabolic Unhealthy Normal Weight (MUNW)
Metabolic Healthy Normal Weight (MHNW)
Metabolic Unhealthy Obese Weight (MUOW)
Metabolic Healthy Obese Weight (MHOW)

71
28
58

45
118

127
36

143
20

73
90

136
27

149
14

135
28

136
27

128
35

109
54

17
88
38
20

3.7

43.6
17.2
35.6

27.6
72.4

77.9
22.1

87.7
12.3

44.8
55.2

83.4
16.6

914
8.6

82.8
17.2

83.4
16.6

78.5
21.5

66.9
33.1

10.4
54

23.3
12.3

74



437 Table 3.The Relationship between Anthropometric Indicators and Metabolic Profiles (Blood Pressure,

438 Triglycerides, Blood Sugar, HDL and metabolic syndrome scores)
Variable Sistolic BP Distolic BP TG Blood Glucose HDL cMetS

r p r p r p r p r p r p

WHtR 0.358 <0.001 0.306 <0.001 0.289 <0.001 0.210 0.007 -0.266 0.001 0.599 <0.001
BMI 0.370 <0.001 0.313 <0.001 0.315 <0.001 0.221 0.005 -0.292 <0.001 0.600 <0.001
SAD 0.352 <0.001 0.284 <0.001 0.278 <0.001 0.191 0.015 -0.264 0.001 0.575 <0.001
WC 0.377 <0.001 0.284 <0.001 0.295 <0.001 0.212 0.005 -0.243 0.002 0.616 <0.001
HC 0.369 <0.001 0.332 <0.001 0.302 <0.001 0.179 0.002 -0.273 <0.001 0.581 <0.001
WHR 0.244 0.002 0.128 0.104 0.194 0.013 0.172 0.028 -0.149 0.048 0.415 <0.001

439
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441 Table 4. Anthropometric indicators most associated with metabolic components and metabolic

442 syndrome scores

Variable Sistolic BP

Konstanta ~ USC® pl° p2° YAdjusted R?
BMmI 91.759 0.951 <0.001 <0.001 0.158

Blood Glucose Levels

Konstanta ~ USC® pl° p2° Adjusted R?
BMI 83.454 0.355 0.005 <0.001 0.043

HDL

Konstanta ~ USC® pl® p2° Adjusted R?
BMI 81.429 -0.819 <0.001 <0.001 0.080

Triglycerides

Konstanta ~ USC® pl° p2° Adjusted R?
wc -6.614 1.195 <0.001 <0.001 0.078

Score of Metabolic Syndrome

Konstanta ~ USC® pl° p2° Adjusted R?
wc -13.163 0.166 <0.001 <0.001 0.375

443  2Unstandardized Coefficient, ° p-value, ¢ p Uji F (ANOVA), 9Koefisien Determinasi
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Anthropometry indicators that are most related to metabolic profiles in female college
students

Abstract

Metabolic syndrome is not a disease, but is a set of several disorders and causes an increased risk of
cardiovascular disease and diabetes mellitus complications. Several studies have shown that non-
invasive approaches such as anthropometric measurements can be used for early detection of
metabolic syndrome. This study aims to analyse the anthropometric indicators related to metabolic
syndrome in female college students. This cross-sectional study with a total of 163 female college
students, aged between 19 and 24 years old. Purposive sampling was used in this study. The
independent variables in this study were the Waist-to-Height Ratio (WHtR), Waist-Hip Ratio (WHR),
Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and hip circumference. The dependent
variable in this study is the metabolic syndrome component that has been converted into a metabolic
syndrome score (cMetS). The analysis results showed that all anthropometric indicators, namely
WHtR, BMI, SAD, waist circumference, hip circumference and WHR have a strong positive
relationship with the metabolic syndrome score (p<0.001). BMI was the anthropometric indicator
that is most associated with the metabolic profiles, such as systolic blood pressure (p<0.001), blood
sugar (p<0.05), and HDL (p<0.001). Waist circumference was the anthropometric indicator that is
most associated with triglycerides and metabolic syndrome score (p<0.001). [Metabolic syndrome in
female college students }can be identified using anthropometric measurements, one of which is BMI

and WHR which are very easy to measure and efficient. BMI and WHR have the strongest relationship
and can be used to detect early risk of metabolic syndrome in female college students.

Keywords: Adolescent; Anthropometric Indicator; Female; Metabolic Profile; Metabolic Syndrome.

Introduction

Metabolic syndrome is a set of body metabolic disorders such as dyslipidaemia, hyperglycaemia,
hypertension, and central obesity (Srikanthan et al., 2016; Devi et al., 2017; Christijani, 2019).
Metabolic syndrome is not a disease, but is a set of several disorders and causes an increased risk of
cardiovascular disease and diabetes mellitus complications. Some epidemiological studies have
shown that metabolic syndrome doubles the risk of cardiovascular diseases (Sri Rahayu and Maulina,
2017).

[Indonesia as a developing country cannot be separated from the existing nutritional problems in
the world, including the incidence of obesity and metabolic syndrome. Several studies found that the
prevalence of metabolic syndrome keeps increasing every year. A study in China showed the
prevalence of metabolic syndrome in adults was 24.2% (Li et al., 2018). Another study indicated that
the prevalence of metabolic syndrome in Indonesia was 21.66% (Herningtyas and Ng, 2019). In recent
studies metabolic syndrome can be assessed using the continuous value of metabolic syndrome

//[ Commented [A1]: revised

(cMets) or the metabolic syndrome score recommended by the American Diabetic Association bf ///[ Commented [A2]: revised
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Diabetes. The metabolic syndrome score is a z-score resulting from the assessment of all components
of the metabolic syndrome (Pratiwi, et al., 2017). The advantages of using cMetS are (1) reducing
dichotomization factors because cardiovascular disease is a progression of several components of
the metabolic syndrome, (2) cMetS is more sensitive and less error-prone than categoric metabolic
syndrome assessments, (3) increasing the statistical power (Okosun, Lyn, et al., 2010).

Central obesity is one of the components of metabolic syndrome parameters. Central obesity is
associated with increased blood pressure, serum triglycerides, decreased HDL, and glucose
intolerance. Based on the National Basic Health Research (Riskesdas) in 2018, the prevalence of
obesity in adults was 21.8%, and the prevalence of central obesity at age of more than 15 years
increased from 26.6% in 2013 to 31% in 2018 (Badan Penelitian dan Pengembangan Kesehatan,
2018). Obesity is closely related to degenerative diseases. The Riskesdas 2018 showed that the
prevalence of stroke, diabetes mellitus, heart disease, and hypertension is higher in women than
men.

[Several] studies have shown that non-invasive approaches such as anthropometric measurements

can be used for early detection of metabolic syndrome (Pratiwi, et al., 2017). Anthropometric
measurements are described as the measurements of body dimensions and body composition to
assess nutritional status. The advantages of anthropometric measurements are relatively fast and
easy, as it can be performed using portable and calibrated instruments with standardized methods
(Rokhmah, et al., 2015). Some anthropometric measurements that can be used for early detection
of metabolic syndrome are Waist-to-Height Ratio (WHtR), waist-to-hip ratio (WHR), hip
circumference, Body Mass Index (BMI), Sagital Abdominal Diameter (SAD).

One of the anthropometric measurements which can be a parameter for central obesity is the
ratio of waist circumference to height (WHtR). The instruments used in the measurement are
microtoise and measuring tape so that it takes longer time. Studies on waist circumference have been
shown to have a strong correlation with abdominal fat deposits (Zhou et al., 2014). The distribution
of abdominal adipose tissue (central obesity) in adults is associated with a component of the
metabolic syndrome (Rodea-Montero, et al., 2014). A study on adult subjects has shown that people
who have the same waist circumference but are shorter in height have a greater risk of developing
metabolic syndrome than taller people (Zhou et al., 2014). Therefore, WHtR can be used as a simple
and effective anthropometric index to identify the metabolic risk associated with obesity (Rodea-
Montero, et al., 2014).

The waist-to-hip ratio (WHR) is a measurement that may indicate central obesity (Karimah, 2018).
The higher the WHR value, the higher the risk level for several metabolic diseases. The waist-to-hip
ratio is calculated by dividing the measurement of the waist circumference by the circumference of
the hip. The cut-off points for WHR are >1.0 for men and >0.85 for women (Rokhmah, et al., 2015).
Individuals with a high waist and hip circumference will also have a higher distribution of fat in their
abdominal area. Irregular fats distribution in the abdominal area indirectly causes higher triglyceride
levels circulating in the blood, which will affect blood pressure (Sumardiyono et al., 2018). WHR
measurement is more sensitive in assessing the distribution of fat in the body, especially in the
abdominal. This measurement is three times better than BMI in reflecting the presence of harmful
fats in the abdominal. Measurement of waist circumference is performed by determining the lower
part of arcus costae and crista iliaca (Sri Rahayu and Maulina, 2017).
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Body Mass Index (BMI) is a practical and easy measurement to perform, but it cannot distinguish
between fat mass, bone mass and muscle mass. BMI is calculated as body weight (kg) / height
squared (m?) (Okura et al., 2018). BMI can be used as the first measurement before any other
anthropometric measurements.

Sagittal Abdominal Diameter (SAD) or the height of the abdomen while the subjects are in lying
position. This anthropometric measurement has not been widely used to measure fat tissue in the
abdominal area. SAD measurements using computed tomography or magnetic resonance imaging,
and are associated with components of metabolic syndrome. The measurements of SAD are taken
when the subject is lying down on the examination table with naked upper body. SAD is related to
central obesity in individuals with obese and normal nutritional status. Furthermore, SAD is
associated with diabetes mellitus and a predictor of cardiovascular disease incidence, even when SAD

is measured in standing position (Pajunen et al., 2013). Based on the]above mentioned problems, our //[ Commented [ASUS4]: space

study aims to analyse the anthropometric indicators related to metabolic syndrome in female college \\\{ Commented [A5RA]: revised

students.

2. Materials and methods
2.1 Design, location, and time
A cross-sectional study design and this research wasc onducted from March to July 2020.
Anthropometric and biochemical data were collected at the Cito Laboratory, Banyumanik Semarang
with health protocols applied. This study was approved by the Medical/Health Research Bioethics
Commission, Faculty of Medicine, Sultan Agung Islamic University Semarang with Number No.296 /IX
/2020 /Bioethical Commission.

2.2 Samplings

This study was conducted during the SARS-CoV-2 outbreak, which later was named COVID-19 by
the WHO, so the registration for study participants was done online. Purposive sampling was used in
this study and the total number of subjects required was 163. Samples are selected based on
inclusion criteria, such as willing to be research subjects, female college students in Semarang City,
aged 19-24 years in Semarang, not consuming alcohol, not smoking, willing to be a study participant
and willing to follow a series of study instructions. Exclusion criteria are subjects who withdraw and
those who are ill during the research study. Based on the exclusion criteria mentioned, no subjects

are included in the exclusion L:riteria]. Subjects were asked to fill in personal data using a Google form; //[ Commented [A6]: revised

and eligible subjects will be contacted by the researchers to plan a direct meeting.

|The] health protocol applied during the anthropometric and biochemical data collection process, //[ Commented [A7]: revised

consist of the subject filled out a Covid sign/symptom screening questionnaire, the subject was
checked for temperature, washed his hands before entering the room, the distance between subjects
was at least 1 meter, the subject and researcher used a mask and face shield. Researchers used gloves
and protective clothing. During the study, hand sanitizers were provided, anthropometric tools that
were on the subject's skin were wiped with alcohol.

2.3 Data collected
The independent variables in this study were the Waist-to-Height Ratio (WHtR), Waist-Hip Ratio
(WHR), Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and hip circumference. NVeight
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and height data were obtained through direct measurements using a digital stamp scale GEA brand
with an accuracy of 0.1 kg and microtoise with an accuracy of 0.1 cm]. Waist circumference and hip

circumference was measured using a measuring tape (Medline) to the nearest 1 mm and abdominal
height was measured using the Abawerk Schaffenburg abdominal calliper to the nearest 1 mm. SAD
measurements were performed with the subject in a supine position on a flat surface with both knees
forming an angle of 90° (Firouzi et al., 2018).

The cut-off point used in this study refers to previous studies because it had been adjusted for the
Asian race (Rose et al., 2020). Each anthropometric measurement is stated as “at risk” if the
individuals have 20.50 for WHtR (Zhang et al., 2016), > 0.85 for WHR (Rokhmah, et al., 2015), > 19.3
cm ffor ]Sagital Abdominal Diameter (SAD) (Dieny et al., 2020), and have the normal to overweight
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BMI (18.5 - 25 kg/m?) or obese BMI (225.0 kg/m?) (Susetyowati, 2016).

The dependent variable in this study is the metabolic syndrome component that has been
converted into a metabolic syndrome score (cMetS) with the cut-off point on cMetS> 2.21 (Rose et
al., 2020). The guidelines for metabolic syndrome in this study are taken from the National
Cholesterol Education Program-Adult Treatment Panel (NCEP-ATP IlI) 2005 which has been
frequently used in Indonesia. There are 5 parameters to assess metabolic syndrome: (1) fasting blood
glucose levels 2110 mg/dL, (2) triglyceride levels 2150 mg/dL (3) HDL cholesterol levels <50 mg/dL,
(4) central obesity in women with waist circumference 280 cm, and (5) systolic and diastolic blood
pressures 2130 mmHg and 285 mmHg, respectively (Soewondo et al., 2010). The calculation of the
metabolic syndrome score (cMetS) was done in the following steps: (1) after measuring all
parameters of the metabolic syndrome, standardisation was carried out to obtain a Z-score; (2) the
blood pressure must be converted into Mean Arterial Blood (MAP) by dividing the difference
between systolic and diastolic blood pressure by three and summed with the diastolic blood
pressure; (3) the HDL cholesterol standardisation results were multiplied by (-1) because the
parameter was inversely related to the risk of metabolic syndrome; (4) All Z-scores were added to
obtain the cMetS values; (5) The final step was to compare the cMetS values with the cut-off point
of 22,21 (Eisenmann et al., 2010; Okosun, Boltri, et al., 2010; Rose et al., 2020). The subjects were
instructed to do fasting for at least 8 hours; only drinking water was permitted.

Other than the cMetS score, metabolic syndrome risk can also be assessed from the classification
of metabolic types. This classification combines the internal and external signs of the body such as
biochemical parameters, the ratio of subcutaneous fat to abdominal fat, and blood pressure (Prybyla
0, 2020). The main phenotypes that reflect the possible combination of metabolic profile and the
degree of obesity are metabolic healthy obese weight, metabolic healthy normal weight, metabolic
unhealthy normal weight, and metabolic unhealthy normal weight.

2.4 Data analysis

L’-\II data were analyzed using computer programs and statistical analyses were performed using
SPSS Statistical software version 22. Univariate analysis was used to describe subjects characteristic.
The distribution of data for normality was assessed using the Kolmogorov Smirnov test before
statistical. The relationship of anthropometric indicators with metabolic profile (Blood Pressure,
Triglycerides, Blood Sugar, HDL and metabolic syndrome scores) were determined using the Person
correlation test. Furthermore, Anthropometric indicators that are most related to the metabolic

~
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component and metabolic syndrome score were analyzed using the Multiple Linear Regression testL///[ Commented [A11]: revised
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Results and D{iscussion] //[ Commented [A12]: revised

The subject characteristics measured in female student aged 19-24 years include age,
anthropometric indicators, and metabolic syndromes. Table 1 shows the characteristics of the study
subjects. The mean of WHtR value in this study was 0.51. Meanwhile, the mean of WHR was 0.80; the
mean of BMI was 24.04 kg/m?; the mean of SAD was 16.79 cm; and the mean of waist circumference

was 79.44 lcml. //[ Commented [A13]: revised

Table 2 shows various nutritional status of the subjects based on BMI. We found that 43.6% of the
subjects had normal BMI, 17.2% were overweight and 35.6% were obese. Based on the WHtR
anthropometric indicator, 72.4% of subjects were at risk of having obesity; based on WHR, 22.1% had
central obesity; based on BMI, 35.6% were obese; based on SAD 12.3% of the subjects were at risk;
and based on waist circumference 55.2% had central obesity. According to the metabolic profile that
was assessed, 16.6% had high Fasting Blood Glucose levels, 8.6% had hypertriglycerides, 17.2% had

low HDL, 16.6% had high systolic blood pressure, and 21.5% had high diastolic blood [pressure In //[Commented [A14]: revised

addition, we found 33.1% of the subjects had high metabolic syndrome (cMetS) scores. This
proportion was similar to the assessment based on the metabolic type of unhealthy subjects (subjects
who had 2 3 risk factors of the metabolic profile), which was 33.7%. Moreover, two subjects had five
risk factors: abdominal obesity, hypertension, hyperglycaemia, hypertriglycerides, and low HDL.

The objective of this study was to determine the anthropometric indicators associated with
metabolic syndromes in female students. The study included 163 female students aged 19-24 years.
The students are in their late adolescents who begin to have an independent life. Inappropriate and
unhealthy eating behaviours will have an impact on the student’s nutritional status. Excessive
nutritional status and obesity will affect student’s body metabolism. Based on the study results, 33.1%
of the subjects had a high metabolic syndrome (cMetS) score. In line with the previous study
conducted in 2019 on 18-to-21-year-old students at Universitas Diponegoro, 20% of the subjects had
high cMetS (Rose et al., 2020). Meanwhile, a study conducted by Pratiwi et al in 2017 using secondary
data from the National Basic Health Research 2013 found that 19.98% of adolescents aged 15-24 years
had high cMetS (Pratiwi, et al., 2017). Therefore, we conclude that there is a trend of Metabolic
Syndrome Score (cMetS) among young women in Semarang.

The assessment of metabolic syndrome using a continuous type (scoring) rather than using a
dichotomy or binary (“yes” and “no”) is recommended (Christijani, 2019). An adolescent can be
diagnosed with metabolic syndrome if their Metabolic Syndrome Score (cMetS) >2.21 (Pratiwi, et al.,
2017). Anthropometric indicators used in this study are Waist and Height Ratio (WHtR), Waist-to-Hip
Ratio (WHR), Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and Waist Circumference.
Based on the correlation analyses, all anthropometric indicators have a significant positive
relationship with the Metabolic Syndrome Score (cMetS). Furthermore, the multivariate analyses
show that the anthropometric indicators of BMI and WHR are strongly associated with cMetS.

If we are considering metabolic type based on nutritional status (subjects with non-obese BMI
(<25kg/m?) with metabolic healthy and metabolic unhealthy and subjects with obese BMI (> 25kg/m?)
with metabolic healthy and metabolic unhealthy), subjects are categorised as metabolic unhealthy
(experiencing metabolic syndrome) if they fulfil > 3 risk factors including high waist circumference,
blood pressure, GDP and triglyceride levels, and low HDL levels. Based on these criteria, we found that
10.4% of the subjects had metabolic unhealthy normal weight (MUNW) and 23.3% of the subjects had

metabolic unhealthy obesity weight ([MUOW‘). In non-obese subjects, 54% of them were metabolic ///[ Commented [A15]: revised

healthy. Our study also shows that 10.4% of the subjects were classified as metabolic unhealthy
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normal weight (MUNW). The subjects’ BMI in this category is in the normal range but has a high
percentage of body fat that makes them at high risk of developing metabolic disorders (Eckel et al.,
2015; Suliga et al., 2015). Several recent cohort studies have shown a greater risk of type Il diabetes
mellitus in individuals with MUNW compared to individuals with MHNW (Arnlév et al., 2011; Hadaegh
etal., 2011; Aung et al., 2014; Jung et al., 2014; Hinnouho et al., 2015). Other studies have shown that
women with the MUNW type have a long-term impact of an increased risk of cardiovascular diseases
such as higher blood pressure, triglyceride and glucose levels as well as lower levels of adiponectin,
HDL, and LDL compared to women with the MHNW type (Kim et al., 2013).

In this study, 23.3% of the subjects belonged to the Metabolic Unhealthy Obese Weight (MUOW)
type. Subjects with this metabolic type have an obese BMI and have a high risk of developing
metabolic disorders. A study conducted in Japan on 29,564 subjects showed that individuals with
MUOW had a greater risk of developing type Il diabetes mellitus compared to individuals with MHOW
(Heianza et al., 2015).

We also found that 12.3% of the subjects were categorized as metabolic healthy obese weight
(MHOW). Individuals in this metabolic type have an obese BMI but do not show any metabolic risks.
Given the impact of obesity in relation to the risk of metabolic diseases, various studies have been
conducted to examine the long-term effects of MHOW. Individuals with MHOW had a different fat
distribution pattern (less ectopic and visceral fat), and lower inflammatory markers (Samocha-Bonet
et al., 2014). Other studies also have shown that women with MHOW had lower blood pressure,
triglyceride levels, and glucose levels, but higher levels of HDL, adiponectin, and LDL compared to
women with MUNW (Kim et al., 2013). This condition was associated with good diet quality in
individuals with MHOW. Based on National Health and Nutrition Examination Surveys (NHANES)
data, Camhi et al examined the quality of diet in obese subjects, and found that adolescents and
adult women with the MHOW metabolic type had higher diet quality scores due to high intake of
fruit, whole grains, meat, and nuts (Camhi et al., 2015).

Table 3 and Table 4 show the results of statistical analyses on anthropometric indicators related
to the metabolic syndromes. Table 3 shows the bivariate statistical analysis using the Pearson
correlation test. The analysis results showed that all anthropometric indicators, namely WHtR, BMI,
SAD, waist circumference, hip circumference and WHR have a strong positive relationship with the
metabolic syndrome score (p<0.001), which means that the higher the anthropometric value, the
higher the metabolic syndrome score. In addition, the analysis on the relationship between
anthropometric indicators and each metabolic profile revealed that almost all of the independent
variables (WHtR, waist and hip circumference, WHR, BMI, and SAD) were associated with each
metabolic profile, such as baseline systolic pressure, diastolic blood pressure, triglyceride levels, blood
sugar levels, and HDL. Only WHR that was not associated with diastolic blood pressure (p>0.005).

hable 4 shows the results of the analysis using multiple linear regression to determine
anthropometric indicators that are most associated with each metabolic profile and metabolic
syndrome score. The results showed that BMI was the anthropometric indicator that is most
associated with the metabolic profiles, such as systolic blood pressure (p<0.001), blood sugar
(p<0.05), and HDL (p <0.001). In addition, waist circumference was the anthropometric indicator that
is most associated with triglycerides and metabolic syndrome score (p<0.001). ]Based on the Adjusted

R?value on the metabolic syndrome score, we found that 37.5% of the metabolic syndrome score was
related to anthropometric indicators, such as WHtR, waist and hip circumference, WHR, BMI, and
SAD. The rest may be influenced by other variables that are not included in this study.

//[ Commented [A16]: revised

82



257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290

291

292

293

294

295
296
297

|The correlation test results indicated that all anthropometric indicators had a positive
relationship with the metabolic syndrome scores with p <0.001. Meanwhile, the regression analyses
show that BMI and WHR were inversely related to cMetS. This is in line with research who stated that
an increase in the WHR value could be associated with the risk of metabolic syndrome in children
and adolescents in Florida (Moore et al., 2015). Another study stated that there was a strong
relationship between overweight and obese adolescents with metabolic syndrome (Al-Bachir and
Bakir, 2017). Furthermore, a study on the adolescents in South Africa found that central obesity as

measured by the hip circumference could lead to an increased risk of cardiovascular Eiseases and

death. Therefore, hip circumference and waist circumference can be used to predict the risk of
cardiovascular diseases and death in the future (Cameron et al., 2012).

Body Mass Index (BMI) is the most widely used indicator of measurement in epidemiological
studies and is used as a substitute for evaluating body composition. However, BMI cannot distinguish
fat from fat mass and lean mass, and it fails to show the presence of adipose and body fat distribution
(Ofer et al., 2019; Leone et al., 2020). However, the BMI cut-offs for metabolic syndrome has not yet
been determined (Ofer et al., 2019). Obesity in adolescents is generally assessed using a BMI of >25.0
kg/m?Z. In this study, we only divided the subjects into normal nutritional status (18.5-25 kg/m?) and
obesity (225.0 kg/m?), and we found that 35.6% of the subjects were obese. The finding is in line with
hhe research on the subject of students at Universitas Diponegoro aged 18-21 years. They found that

//[ Commented [A17]: revised

40% of their study population had obesity level | and 36.3% had obesity level Il (Rose et al., 2020).\_//[ Commented [A18]: revised

Abdominal obesity is often assessed to determine a metabolic syndrome in people. One of the
indicators used to measure abdominal obesity is the Waist-to-Hip Ratio (WHR) which is calculated by
dividing the waist circumference and the hip circumference. Measurement of waist circumference is
more sensitive in assessing the distribution of body fat in the abdominal wall, which is also a
component in the metabolic syndrome. The limit of the WHR value for female is > 0.85 (Rokhmah, et
al., 2015). This study shows that every 1% increase in the WHR value will increase the cMetS value
by 10.411. Hip circumference is also an indicator that has a strong correlation with cMetS, but many
studies have used it as a ratio along with waist circumference for assessing a person's central obesity
status.

4. Conclusion

Metabolic syndrome in female students can be identified using anthropometric measurements, one
of which is BMI and WHR which are very easy to measure and efficient. BMI and WHR have the
strongest relationship and can be used to detect early risk of metabolic syndrome in female college
[students].
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Table 1. Minimum, Maximum, Average and Standard Deviation

Tables and Figures — 1 PAGE 1 TABLE/FIGURE. PLACE ALL TABLES AND FIGURES AT THE END OF THE
MANUSCRIPT BODY AFTER THE REFERENCES

Variabel Minimum Maximum Mean SD
Anthropometric Indicators

WHIR (ratio) 0.37 0.71 0.51 0.07
WHR (ratio) 0.67 0.96 0.80 0.06
BMI (kg/m?) 15.81 39.30 24.04 4.72
Sagital Abdominal Diameter (cm) 11.35 25.50 16.79 2.42
Hip Circumference (cm) 80.60 138.45 98.96 9.30
Waist Circumference (cm) 58.00 112.10 79.44 10.78
Metabolic Profiles

Blood Glucose Levels (mg/dL) 66.00 110.00 92.00 7.59
Trygliceride Levels (mg/dL) 29.00 309.00 88.35 44.68
Cholesterol HDL Levels (mg/dL) 36.00 109.00 61.73 26.43
Sistolic Blood Pressure (mmHg) 84.00 144.00 114.63 11.13
Diastolic Blood Pressure (mmHg) 55.00 178.00 82.40 55.52
cMetS (Score of Metabolic Syndrome)  -7.10 11.93 0.01 2.90
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Table 2. Anthropometric Overview and Components of Metabolic Syndrome

Characteristics

n

%

Anthropometric
Body Mass Index (BMI)

Triglycerides

Underweight (< 18.5 kg/m?) 6 3.7
Normal (18.5 — 22.9 kg/m?) 71 436
Overweight (23-24.9 kg/m?) 28 17.2
Obese (225.0 kg/m?) 58 356
Waist Height Ratio (WHtR)
Normal (<0.50) 45 27.6
Risk (=0.50) 118 72.4
Waist Hip Ratio
Normal (<0.85) 127 779
Central Obesity (>0.85) 36 221
Sagital Abdominal Diameter (SAD)
Normal (£19.3 cm) 143 87.7
Risk (>19.3 cm) 20 123
Wait Circumference
Normal (<80 cm) 73 4438
Obese (<80 cm) 90 55.2
Metabolic Profiles
Blood Glucose Levels
Normal (<110 mg/dL) 136 83.4
High (2110 mg/dL) 27 16.6
Normal (<150 mg/dL) 149 914
High (2150 mg/dL) 14 86
Cholesterol HDL
Normal (2150 mg/dL) 135 82.8
Low| (<150 mg/dL) 28 172
Sistolic Blood Pressure
Normal (<130 mg/dL) 136 83.4
High (2130 mg/dL) 27 16.6
Diastolic Blood Pressure
Normal (<85 mg/dL) 128 78.5
High (=85 mg/dL) 35 215
cMetS (Score of Metabolic Syndrome)
Normal (<2.21) 109 66.9
Risk (>2.21) 54 331
[Metabolic Type]
Metabolic Unhealthy Normal Weight (MUNW) 17 104
Metabolic Healthy Normal Weight (MHNW) 88 54
Metabolic Unhealthy Obese Weight (MUOW) 38 233
Metabolic Healthy Obese Weight (MHOW) 20 123
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444 Table 3.The Relationship between Anthropometric Indicators and Metabolic Profiles (Blood Pressure,

445 Triglycerides, Blood Sugar, HDL and metabolic syndrome scores)
Variable Sistolic BP Distolic BP TG Blood Glucose HDL cMetS

r p r p r p r p r p r p

WHtR 0.358 <0.001 0.306 <0.001 0.289 <0.001 0.210 0.007 -0.266 0.001 0.599 <0.001
BMI 0.370 <0.001 0.313 <0.001 0.315 <0.001 0.221 0.005 -0.292 <0.001 0.600 <0.001
SAD 0.352 <0.001 0.284 <0.001 0.278 <0.001 0.191 0.015 -0.264 0.001 0.575 <0.001
WC 0.377 <0.001 0.284 <0.001 0.295 <0.001 0.212 0.005 -0.243 0.002 0.616 <0.001
HC 0.369 <0.001 0.332 <0.001 0.302 <0.001 0.179 0.002 -0.273 <0.001 0.581 <0.001
WHR 0.244 0.002 0.128 0.104 0.194 0.013 0.172 0.028 -0.149 0.048 0.415 <0.001
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448
449

450

Table 4. Anthropometric indicators most associated with metabolic components and metabolic

syndrome scores

Variable Sistolic BP

Constant usce pl° p2° YAdjusted R?
BMmI 91.759 0.951 <0.001 <0.001 0.158

Blood Glucose Levels

Constant usce pl° p2° Adjusted R?
BMI 83.454 0.355 0.005 <0.001 0.043

HDL

Constant usce pl® p2° Adjusted R?
BMI 81.429 -0.819 <0.001 <0.001 0.080

Triglycerides

Constant usce pl° p2° Adjusted R?
wc -6.614 1.195 <0.001 <0.001 0.078

Score of Metabolic Syndrome

Constant usce pl° p2° Adjusted R?
wc -13.163 0.166 <0.001 <0.001 0.375 |

2Unstandardized Coefficient, ® p-value, ¢ p F-Test (ANOVA), ¢ coefficient of determination! //[ Commented [ASUS23]: Translate in english
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Anthropometry indicators that are most related to metabolic profiles in female college
students

Abstract

Metabolic syndrome is not a disease, but is a set of several disorders and causes an increased risk of
cardiovascular disease and diabetes mellitus complications. Several studies have shown that non-
invasive approaches such as anthropometric measurements can be used for early detection of
metabolic syndrome. This study aims to analyse the anthropometric indicators related to metabolic
syndrome in female college students. This cross-sectional study with a total of 163 female college
students, aged between 19 and 24 years old. Purposive sampling was used in this study. The
independent variables in this study were the Waist-to-Height Ratio (WHtR), Waist-Hip Ratio (WHR),
Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and hip circumference. The dependent
variable in this study is the metabolic syndrome component that has been converted into a metabolic
syndrome score (cMetS). The analysis results showed that all anthropometric indicators, namely
WHtR, BMI, SAD, waist circumference, hip circumference and WHR have a strong positive
relationship with the metabolic syndrome score (p<0.001). BMI was the anthropometric indicator
that is most associated with the metabolic profiles, such as systolic blood pressure (p<0.001), blood
sugar (p<0.05), and HDL (p<0.001). Waist circumference was the anthropometric indicator that is
most associated with triglycerides and metabolic syndrome score (p<0.001). [Metabolic syndrome in
female college students }can be identified using anthropometric measurements, one of which is BMI

and WHR which are very easy to measure and efficient. BMI and WHR have the strongest relationship
and can be used to detect early risk of metabolic syndrome in female college students.

Keywords: Adolescent; Anthropometric Indicator; Female; Metabolic Profile; Metabolic Syndrome.

Introduction

Metabolic syndrome is a set of body metabolic disorders such as dyslipidaemia, hyperglycaemia,
hypertension, and central obesity (Srikanthan et al., 2016; Devi et al., 2017; Christijani, 2019).
Metabolic syndrome is not a disease, but is a set of several disorders and causes an increased risk of
cardiovascular disease and diabetes mellitus complications. Some epidemiological studies have
shown that metabolic syndrome doubles the risk of cardiovascular diseases (Sri Rahayu and Maulina,
2017).

Indonesia as a developing country cannot be separated from the existing nutritional problems in
the world, including the incidence of obesity and metabolic syndrome. Several studies found that the
prevalence of metabolic syndrome keeps increasing every year. A study in China showed the
prevalence of metabolic syndrome in adults was 24.2% (Li et al., 2018). Another study indicated that
the prevalence of metabolic syndrome in Indonesia was 21.66% (Herningtyas and Ng, 2019). In recent
studies metabolic syndrome can be assessed using the continuous value of metabolic syndrome
(cMets) or the metabolic syndrome score recommended by the American Diabetic Association of
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Diabetes. The metabolic syndrome score is a z-score resulting from the assessment of all components
of the metabolic syndrome (Pratiwi, et al., 2017). The advantages of using cMetS are (1) reducing
dichotomization factors because cardiovascular disease is a progression of several components of
the metabolic syndrome, (2) cMetS is more sensitive and less error-prone than categoric metabolic
syndrome assessments, (3) increasing the statistical power (Okosun, Lyn, et al., 2010).

Central obesity is one of the components of metabolic syndrome parameters. Central obesity is
associated with increased blood pressure, serum triglycerides, decreased HDL, and glucose
intolerance. Based on the National Basic Health Research (Riskesdas) in 2018, the prevalence of
obesity in adults was 21.8%, and the prevalence of central obesity at age of more than 15 years
increased from 26.6% in 2013 to 31% in 2018 (Badan Penelitian dan Pengembangan Kesehatan,
2018). Obesity is closely related to degenerative diseases. The Riskesdas 2018 showed that the
prevalence of stroke, diabetes mellitus, heart disease, and hypertension is higher in women than
men.

Several studies have shown that non-invasive approaches such as anthropometric measurements
can be used for early detection of metabolic syndrome (Pratiwi, et al., 2017). Anthropometric
measurements are described as the measurements of body dimensions and body composition to
assess nutritional status. The advantages of anthropometric measurements are relatively fast and
easy, as it can be performed using portable and calibrated instruments with standardized methods
(Rokhmah, et al., 2015). Some anthropometric measurements that can be used for early detection
of metabolic syndrome are Waist-to-Height Ratio (WHtR), waist-to-hip ratio (WHR), hip
circumference, Body Mass Index (BMI), Sagital Abdominal Diameter (SAD).

One of the anthropometric measurements which can be a parameter for central obesity is the
ratio of waist circumference to height (WHtR). The instruments used in the measurement are
microtoise and measuring tape so that it takes longer time. Studies on waist circumference have been
shown to have a strong correlation with abdominal fat deposits (Zhou et al., 2014). The distribution
of abdominal adipose tissue (central obesity) in adults is associated with a component of the
metabolic syndrome (Rodea-Montero, et al., 2014). A study on adult subjects has shown that people
who have the same waist circumference but are shorter in height have a greater risk of developing
metabolic syndrome than taller people (Zhou et al., 2014). Therefore, WHtR can be used as a simple
and effective anthropometric index to identify the metabolic risk associated with obesity (Rodea-
Montero, et al., 2014).

The waist-to-hip ratio (WHR) is a measurement that may indicate central obesity (Karimah, 2018).
The higher the WHR value, the higher the risk level for several metabolic diseases. The waist-to-hip
ratio is calculated by dividing the measurement of the waist circumference by the circumference of
the hip. The cut-off points for WHR are >1.0 for men and >0.85 for women (Rokhmah, et al., 2015).
Individuals with a high waist and hip circumference will also have a higher distribution of fat in their
abdominal area. Irregular fats distribution in the abdominal area indirectly causes higher triglyceride
levels circulating in the blood, which will affect blood pressure (Sumardiyono et al., 2018). WHR
measurement is more sensitive in assessing the distribution of fat in the body, especially in the
abdominal. This measurement is three times better than BMI in reflecting the presence of harmful
fats in the abdominal. Measurement of waist circumference is performed by determining the lower
part of arcus costae and crista iliaca (Sri Rahayu and Maulina, 2017).
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Body Mass Index (BMI) is a practical and easy measurement to perform, but it cannot distinguish
between fat mass, bone mass and muscle mass. BMI is calculated as body weight (kg) / height
squared (m?) (Okura et al., 2018). BMI can be used as the first measurement before any other
anthropometric measurements.

Sagittal Abdominal Diameter (SAD) or the height of the abdomen while the subjects are in lying
position. This anthropometric measurement has not been widely used to measure fat tissue in the
abdominal area. SAD measurements using computed tomography or magnetic resonance imaging,
and are associated with components of metabolic syndrome. The measurements of SAD are taken
when the subject is lying down on the examination table with naked upper body. SAD is related to
central obesity in individuals with obese and normal nutritional status. Furthermore, SAD is
associated with diabetes mellitus and a predictor of cardiovascular disease incidence, even when SAD

is measured in standing position (Pajunen et al., 2013). Based on the [above mentioned problems, our //[ Commented [ASUS3]: space

study aims to analyse the anthropometric indicators related to metabolic syndrome in female college \\\{ Commented [A4R3]: revised

students.

2. Materials and methods
2.1 Design, location, and time
A cross-sectional study design and this research wasc onducted from March to July 2020.
Anthropometric and biochemical data were collected at the Cito Laboratory, Banyumanik Semarang
with health protocols applied. This study was approved by the Medical/Health Research Bioethics
Commission, Faculty of Medicine, Sultan Agung Islamic University Semarang with Number No.296 /IX
/2020 /Bioethical Commission.

2.2 Samplings

This study was conducted during the SARS-CoV-2 outbreak, which later was named COVID-19 by
the WHO, so the registration for study participants was done online. Purposive sampling was used in
this study and the total number of subjects required was 163. Samples are selected based on
inclusion criteria, such as willing to be research subjects, female college students in Semarang City,
aged 19-24 years in Semarang, not consuming alcohol, not smoking, willing to be a study participant
and willing to follow a series of study instructions. Exclusion criteria are subjects who withdraw and
those who are ill during the research study. Based on the exclusion criteria mentioned, no subjects

are included in the exclusion L:riteria]. Subjects were asked to fill in personal data using a Google form; //[ Commented [A5]: revised

and eligible subjects will be contacted by the researchers to plan a direct meeting.

The health protocol applied during the anthropometric and biochemical data collection process,
consist of the subject filled out a Covid sign/symptom screening questionnaire, the subject was
checked for temperature, washed his hands before entering the room, the distance between subjects
was at least 1 meter, the subject and researcher used a mask and face shield. Researchers used gloves
and protective clothing. During the study, hand sanitizers were provided, anthropometric tools that
were on the subject's skin were wiped with alcohol.

2.3 Data collected
The independent variables in this study were the Waist-to-Height Ratio (WHtR), Waist-Hip Ratio
(WHR), Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and hip circumference. Weight
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and height data were obtained through direct measurements using a digital stamp scale GEA brand
with an accuracy of 0.1 kg and microtoise with an accuracy of 0.1 cm. Waist circumference and hip
circumference was measured using a measuring tape (Medline) to the nearest 1 mm and abdominal
height was measured using the Abawerk Schaffenburg abdominal calliper to the nearest 1 mm. SAD
measurements were performed with the subject in a supine position on a flat surface with both knees
forming an angle of 90° (Firouzi et al., 2018).

The cut-off point used in this study refers to previous studies because it had been adjusted for the
Asian race (Rose et al., 2020). Each anthropometric measurement is stated as “at risk” if the
individuals have 20.50 for WHtR (Zhang et al., 2016), > 0.85 for WHR (Rokhmah, et al., 2015), > 19.3
cm ffor ]Sagital Abdominal Diameter (SAD) (Dieny et al., 2020), and have the normal to overweight

BMI (18.5 - 25 kg/m?) or obese BMI (225.0 kg/m?) (Susetyowati, 2016).

The dependent variable in this study is the metabolic syndrome component that has been
converted into a metabolic syndrome score (cMetS) with the cut-off point on cMetS> 2.21 (Rose et
al., 2020). The guidelines for metabolic syndrome in this study are taken from the National
Cholesterol Education Program-Adult Treatment Panel (NCEP-ATP IlI) 2005 which has been
frequently used in Indonesia. There are 5 parameters to assess metabolic syndrome: (1) fasting blood
glucose levels 2110 mg/dL, (2) triglyceride levels 2150 mg/dL (3) HDL cholesterol levels <50 mg/dL,
(4) central obesity in women with waist circumference 280 ¢cm, and (5) systolic and diastolic blood
pressures 2130 mmHg and 285 mmHg, respectively (Soewondo et al., 2010). The calculation of the
metabolic syndrome score (cMetS) was done in the following steps: (1) after measuring all
parameters of the metabolic syndrome, standardisation was carried out to obtain a Z-score; (2) the
blood pressure must be converted into Mean Arterial Blood (MAP) by dividing the difference
between systolic and diastolic blood pressure by three and summed with the diastolic blood
pressure; (3) the HDL cholesterol standardisation results were multiplied by (-1) because the
parameter was inversely related to the risk of metabolic syndrome; (4) All Z-scores were added to
obtain the cMetS values; (5) The final step was to compare the cMetS values with the cut-off point
of 22,21 (Eisenmann et al., 2010; Okosun, Boltri, et al., 2010; Rose et al., 2020). The subjects were
instructed to do fasting for at least 8 hours; only drinking water was permitted.

Other than the cMetS score, metabolic syndrome risk can also be assessed from the classification
of metabolic types. This classification combines the internal and external signs of the body such as
biochemical parameters, the ratio of subcutaneous fat to abdominal fat, and blood pressure (Prybyla
0, 2020). The main phenotypes that reflect the possible combination of metabolic profile and the
degree of obesity are metabolic healthy obese weight, metabolic healthy normal weight, metabolic
unhealthy normal weight, and metabolic unhealthy normal weight.

2.4 Data analysis

L’-\II data were analyzed using computer programs and statistical analyses were performed using
SPSS Statistical software version 22. Univariate analysis was used to describe subjects characteristic.
The distribution of data for normality was assessed using the Kolmogorov Smirnov test before
statistical. The relationship of anthropometric indicators with metabolic profile (Blood Pressure,
Triglycerides, Blood Sugar, HDL and metabolic syndrome scores) were determined using the Person
correlation test. Furthermore, Anthropometric indicators that are most related to the metabolic

component and metabolic syndrome score were analyzed using the Multiple Linear Regression testL
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Results and D{iscussion]

The subject characteristics measured in female student aged 19-24 years include age,
anthropometric indicators, and metabolic syndromes. Table 1 shows the characteristics of the study
subjects. The mean of WHtR value in this study was 0.51. Meanwhile, the mean of WHR was 0.80; the
mean of BMI was 24.04 kg/m?; the mean of SAD was 16.79 cm; and the mean of waist circumference
was 79.44 cm.

Table 2 shows various nutritional status of the subjects based on BMI. We found that 43.6% of the
subjects had normal BMI, 17.2% were overweight and 35.6% were obese. Based on the WHtR
anthropometric indicator, 72.4% of subjects were at risk of having obesity; based on WHR, 22.1% had
central obesity; based on BMI, 35.6% were obese; based on SAD 12.3% of the subjects were at risk;
and based on waist circumference 55.2% had central obesity. According to the metabolic profile that
was assessed, 16.6% had high Fasting Blood Glucose levels, 8.6% had hypertriglycerides, 17.2% had
low HDL, 16.6% had high systolic blood pressure, and 21.5% had high diastolic blood pressure. In
addition, we found 33.1% of the subjects had high metabolic syndrome (cMetS) scores. This
proportion was similar to the assessment based on the metabolic type of unhealthy subjects (subjects
who had 2 3 risk factors of the metabolic profile), which was 33.7%. Moreover, two subjects had five
risk factors: abdominal obesity, hypertension, hyperglycaemia, hypertriglycerides, and low HDL.

The objective of this study was to determine the anthropometric indicators associated with
metabolic syndromes in female students. The study included 163 female students aged 19-24 years.
The students are in their late adolescents who begin to have an independent life. Inappropriate and
unhealthy eating behaviours will have an impact on the student’s nutritional status. Excessive
nutritional status and obesity will affect student’s body metabolism. Based on the study results, 33.1%
of the subjects had a high metabolic syndrome (cMetS) score. In line with the previous study
conducted in 2019 on 18-to-21-year-old students at Universitas Diponegoro, 20% of the subjects had
high cMetS (Rose et al., 2020). Meanwhile, a study conducted by Pratiwi et al in 2017 using secondary
data from the National Basic Health Research 2013 found that 19.98% of adolescents aged 15-24 years
had high cMetS (Pratiwi, et al., 2017). Therefore, we conclude that there is a trend of Metabolic
Syndrome Score (cMetS) among young women in Semarang.

The assessment of metabolic syndrome using a continuous type (scoring) rather than using a
dichotomy or binary (“yes” and “no”) is recommended (Christijani, 2019). An adolescent can be
diagnosed with metabolic syndrome if their Metabolic Syndrome Score (cMetS) >2.21 (Pratiwi, et al.,
2017). Anthropometric indicators used in this study are Waist and Height Ratio (WHtR), Waist-to-Hip
Ratio (WHR), Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and Waist Circumference.
Based on the correlation analyses, all anthropometric indicators have a significant positive
relationship with the Metabolic Syndrome Score (cMetS). Furthermore, the multivariate analyses
show that the anthropometric indicators of BMI and WHR are strongly associated with cMetS.

If we are considering metabolic type based on nutritional status (subjects with non-obese BMI
(<25kg/m?) with metabolic healthy and metabolic unhealthy and subjects with obese BMI (> 25kg/m?)
with metabolic healthy and metabolic unhealthy), subjects are categorised as metabolic unhealthy
(experiencing metabolic syndrome) if they fulfil > 3 risk factors including high waist circumference,
blood pressure, GDP and triglyceride levels, and low HDL levels. Based on these criteria, we found that
10.4% of the subjects had metabolic unhealthy normal weight (MUNW) and 23.3% of the subjects had
metabolic unhealthy obesity weight (MUOW). In non-obese subjects, 54% of them were metabolic
healthy. Our study also shows that 10.4% of the subjects were classified as metabolic unhealthy
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normal weight (MUNW). The subjects’ BMI in this category is in the normal range but has a high
percentage of body fat that makes them at high risk of developing metabolic disorders (Eckel et al.,
2015; Suliga et al., 2015). Several recent cohort studies have shown a greater risk of type Il diabetes
mellitus in individuals with MUNW compared to individuals with MHNW (Arnlév et al., 2011; Hadaegh
etal., 2011; Aung et al., 2014; Jung et al., 2014; Hinnouho et al., 2015). Other studies have shown that
women with the MUNW type have a long-term impact of an increased risk of cardiovascular diseases
such as higher blood pressure, triglyceride and glucose levels as well as lower levels of adiponectin,
HDL, and LDL compared to women with the MHNW type (Kim et al., 2013).

In this study, 23.3% of the subjects belonged to the Metabolic Unhealthy Obese Weight (MUOW)
type. Subjects with this metabolic type have an obese BMI and have a high risk of developing
metabolic disorders. A study conducted in Japan on 29,564 subjects showed that individuals with
MUOW had a greater risk of developing type Il diabetes mellitus compared to individuals with MHOW
(Heianza et al., 2015).

We also found that 12.3% of the subjects were categorized as metabolic healthy obese weight
(MHOW). Individuals in this metabolic type have an obese BMI but do not show any metabolic risks.
Given the impact of obesity in relation to the risk of metabolic diseases, various studies have been
conducted to examine the long-term effects of MHOW. Individuals with MHOW had a different fat
distribution pattern (less ectopic and visceral fat), and lower inflammatory markers (Samocha-Bonet
et al., 2014). Other studies also have shown that women with MHOW had lower blood pressure,
triglyceride levels, and glucose levels, but higher levels of HDL, adiponectin, and LDL compared to
women with MUNW (Kim et al., 2013). This condition was associated with good diet quality in
individuals with MHOW. Based on National Health and Nutrition Examination Surveys (NHANES)
data, Cambhi et al. (2015) examined the quality of diet in obese subjects, and found that adolescents
and adult women with the MHOW metabolic type had higher diet quality scores due to high intake
of fruit, whole grains, meat, and nuts.

Table 3 and Table 4 show the results of statistical analyses on anthropometric indicators related
to the metabolic syndromes. Table 3 shows the bivariate statistical analysis using the Pearson
correlation test. The analysis results showed that all anthropometric indicators, namely WHtR, BMI,
SAD, waist circumference, hip circumference and WHR have a strong positive relationship with the
metabolic syndrome score (p<0.001), which means that the higher the anthropometric value, the
higher the metabolic syndrome score. In addition, the analysis on the relationship between
anthropometric indicators and each metabolic profile revealed that almost all of the independent
variables (WHtR, waist and hip circumference, WHR, BMI, and SAD) were associated with each
metabolic profile, such as baseline systolic pressure, diastolic blood pressure, triglyceride levels, blood
sugar levels, and HDL. Only WHR that was not associated with diastolic blood pressure (p>0.005).

hable 4 shows the results of the analysis using multiple linear regression to determine
anthropometric indicators that are most associated with each metabolic profile and metabolic
syndrome score. The results showed that BMI was the anthropometric indicator that is most
associated with the metabolic profiles, such as systolic blood pressure (p<0.001), blood sugar
(p<0.05), and HDL (p <0.001). In addition, waist circumference was the anthropometric indicator that
is most associated with triglycerides and metabolic syndrome score (p<0.001). ]Based on the Adjusted

R?value on the metabolic syndrome score, we found that 37.5% of the metabolic syndrome score was
related to anthropometric indicators, such as WHtR, waist and hip circumference, WHR, BMI, and
SAD. The rest may be influenced by other variables that are not included in this study.
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257 |The correlation test results indicated that all anthropometric indicators had a positive

258 relationship with the metabolic syndrome scores with p <0.001. Meanwhile, the regression analyses
259 show that BMI and WHR were inversely related to cMetS. This is in line with research who stated that
260 an increase in the WHR value could be associated with the risk of metabolic syndrome in children
261 and adolescents in Florida (Moore et al., 2015). Another study stated that there was a strong
262 relationship between overweight and obese adolescents with metabolic syndrome (Al-Bachir and
263 Bakir, 2017). Furthermore, a study on the adolescents in South Africa found that central obesity as
264 measured by the hip circumference could lead to an increased risk of cardiovascular Eiseases and //[Commented [A11]: revised
265 death. Therefore, hip circumference and waist circumference can be used to predict the risk of
266 cardiovascular diseases and death in the future (Cameron et al., 2012).

267 Body Mass Index (BMI) is the most widely used indicator of measurement in epidemiological
268 studies and is used as a substitute for evaluating body composition. However, BMI cannot distinguish
269 fat from fat mass and lean mass, and it fails to show the presence of adipose and body fat distribution
270 (Ofer et al., 2019; Leone et al., 2020). However, the BMI cut-offs for metabolic syndrome has not yet
271 been determined (Ofer et al., 2019). Obesity in adolescents is generally assessed using a BMI of 225.0
272 kg/m?Z. In this study, we only divided the subjects into normal nutritional status (18.5-25 kg/m?) and
273 obesity (225.0 kg/m?), and we found that 35.6% of the subjects were obese. The finding is in line with
274 hhe research on the subject of students at Universitas Diponegoro aged 18-21 years. They found that
275 40% of their study population had obesity level | and 36.3% had obesity level Il (Rose et al., 2020).\_//[ Commented [A12]: revised
276 Abdominal obesity is often assessed to determine a metabolic syndrome in people. One of the
277 indicators used to measure abdominal obesity is the Waist-to-Hip Ratio (WHR) which is calculated by
278 dividing the waist circumference and the hip circumference. Measurement of waist circumference is
279 more sensitive in assessing the distribution of body fat in the abdominal wall, which is also a
280 component in the metabolic syndrome. The limit of the WHR value for female is > 0.85 (Rokhmah, et
281 al., 2015). This study shows that every 1% increase in the WHR value will increase the cMetS value
282 by 10.411. Hip circumference is also an indicator that has a strong correlation with cMetS, but many
283 studies have used it as a ratio along with waist circumference for assessing a person's central obesity
284 status.

285

286 4. Conclusion

287 Metabolic syndrome in female students can be identified using anthropometric measurements, one
288 of which is BMI and WHR which are very easy to measure and efficient. BMI and WHR have the
289 strongest relationship and can be used to detect early risk of metabolic syndrome in female college
290 students.
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Table 1. Minimum, Maximum, Average and Standard Deviation

Tables and Figures — 1 PAGE 1 TABLE/FIGURE. PLACE ALL TABLES AND FIGURES AT THE END OF THE
MANUSCRIPT BODY AFTER THE REFERENCES

Variabel Minimum Maximum Mean SD
Anthropometric Indicators

WHIR (ratio) 0.37 0.71 0.51 0.07
WHR (ratio) 0.67 0.96 0.80 0.06
BMI (kg/m?) 15.81 39.30 24.04 4.72
Sagital Abdominal Diameter (cm) 11.35 25.50 16.79 2.42
Hip Circumference (cm) 80.60 138.45 98.96 9.30
Waist Circumference (cm) 58.00 112.10 79.44 10.78
Metabolic Profiles

Blood Glucose Levels (mg/dL) 66.00 110.00 92.00 7.59
Trygliceride Levels (mg/dL) 29.00 309.00 88.35 44.68
Cholesterol HDL Levels (mg/dL) 36.00 109.00 61.73 26.43
Sistolic Blood Pressure (mmHg) 84.00 144.00 114.63 11.13
Diastolic Blood Pressure (mmHg) 55.00 178.00 82.40 55.52
cMetsS (Score of Metabolic Syndrome)  -7.10 11.93 0.01 2.90
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Table 2. Anthropometric Overview and Components of Metabolic Syndrome

Characteristics

n

%

Anthropometric
Body Mass Index (BMI)

Triglycerides

Underweight (< 18.5 kg/m?) 6 3.7
Normal (18.5 — 22.9 kg/m?) 71 436
Overweight (23-24.9 kg/m?) 28 17.2
Obese (225.0 kg/m?) 58 356
Waist Height Ratio (WHtR)
Normal (<0.50) 45 27.6
Risk (=0.50) 118 72.4
Waist Hip Ratio
Normal (<0.85) 127 779
Central Obesity (>0.85) 36 221
Sagital Abdominal Diameter (SAD)
Normal (£19.3 cm) 143 87.7
Risk (>19.3 cm) 20 123
Wait Circumference
Normal (<80 cm) 73 4438
Obese (<80 cm) 90 55.2
Metabolic Profiles
Blood Glucose Levels
Normal (<110 mg/dL) 136 83.4
High (2110 mg/dL) 27 16.6
Normal (<150 mg/dL) 149 914
High (2150 mg/dL) 14 86
Cholesterol HDL
Normal (2150 mg/dL) 135 82.8
Low| (<150 mg/dL) 28 172
Sistolic Blood Pressure
Normal (<130 mg/dL) 136 83.4
High (2130 mg/dL) 27 16.6
Diastolic Blood Pressure
Normal (<85 mg/dL) 128 78.5
High (=85 mg/dL) 35 215
cMetS (Score of Metabolic Syndrome)
Normal (<2.21) 109 66.9
Risk (>2.21) 54 331
[Metabolic Type]
Metabolic Unhealthy Normal Weight (MUNW) 17 104
Metabolic Healthy Normal Weight (MHNW) 88 54
Metabolic Unhealthy Obese Weight (MUOW) 38 233
Metabolic Healthy Obese Weight (MHOW) 20 123
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444 Table 3.The Relationship between Anthropometric Indicators and Metabolic Profiles (Blood Pressure,

445 Triglycerides, Blood Sugar, HDL and metabolic syndrome scores)
Variable Sistolic BP Distolic BP TG Blood Glucose HDL cMetS

r p r p r p r p r p r p

WHtR 0.358 <0.001 0.306 <0.001 0.289 <0.001 0.210 0.007 -0.266 0.001 0.599 <0.001
BMI 0.370 <0.001 0.313 <0.001 0.315 <0.001 0.221 0.005 -0.292 <0.001 0.600 <0.001
SAD 0.352 <0.001 0.284 <0.001 0.278 <0.001 0.191 0.015 -0.264 0.001 0.575 <0.001
WC 0.377 <0.001 0.284 <0.001 0.295 <0.001 0.212 0.005 -0.243 0.002 0.616 <0.001
HC 0.369 <0.001 0.332 <0.001 0.302 <0.001 0.179 0.002 -0.273 <0.001 0.581 <0.001
WHR 0.244 0.002 0.128 0.104 0.194 0.013 0.172 0.028 -0.149 0.048 0.415 <0.001
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Table 4. Anthropometric indicators most associated with metabolic components and metabolic

syndrome scores

Variable Sistolic BP

Constant usce pl° p2° YAdjusted R?
BMmI 91.759 0.951 <0.001 <0.001 0.158

Blood Glucose Levels

Constant usce pl° p2° Adjusted R?
BMI 83.454 0.355 0.005 <0.001 0.043

HDL

Constant usce pl® p2° Adjusted R?
BMI 81.429 -0.819 <0.001 <0.001 0.080

Triglycerides

Constant usce pl° p2° Adjusted R?
wc -6.614 1.195 <0.001 <0.001 0.078

Score of Metabolic Syndrome

Constant usce pl° p2° Adjusted R?
wc -13.163 0.166 <0.001 <0.001 0.375 |

2Unstandardized Coefficient, ® p-value, ¢ p F-Test (ANOVA), ¢ coefficient of determination| //[
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Anthropometry indicators that are most related to female student's metabolic profiles

Abstract

Metabolic syndrome is not a disease, but is a set of several disorders and causes an increased risk of
cardiovascular disease and diabetes mellitus complications. Several studies have shown that non-invasive
approaches such as anthropometric measurements can be used for early detection of metabolic
syndrome. This study aims rto analyse‘ the anthropometric indicators related to metabolic syndrome in

female students. This cross-sectional study with a total of 163 female students, aged between 19 and 24
years old. Purposive sampling was used in this study. The independent variables in this study were the
Waist-to-Height Ratio (WHtR), Waist-Hip Ratio (WHR), Body Mass Index (BMI), Sagittal Abdominal
Diameter (SAD), and hip circumference. The dependent variable in this study is the metabolic syndrome
component that has been converted into a metabolic syndrome score (cMetS). The analysis results
showed that all anthropometric indicators, namely WHtR, BMI, SAD, waist circumference, hip
circumference and WHR have a strong positive relationship with the metabolic syndrome score (p<0.001).
BMI was the anthropometric indicator that is most associated with the metabolic profiles, such as systolic
blood pressure (p<0.001), blood sugar (p<0.05), and HDL (p<0.001). Waist circumference was the
anthropometric indicator that is most associated with triglycerides and metabolic syndrome score
(p<0.001). Metabolic syndrome in female students in Semarang can be identified using anthropometric
measurements, one of which is BMI and WHR which are very easy to measure and efficient. In addition,
the use of cMetS in the metabolic assessment of a person was found to be more effective.

Keywords: Adolescent; Anthropometric Indicator; Female; Metabolic Profile; Metabolic Syndrome.

1. Introduction

Metabolic syndrome is a set of body metabolic disorders such as byslipidaemia, yperglycaemia,
hypertension, and central obesity (Srikanthan et al., 2016; Devi et al., 2017; Christijani, 2019).
Metabolic syndrome is not a disease, but is a set of several disorders and causes an increased risk of
cardiovascular disease and diabetes mellitus complications. Some epidemiological studies have
shown that metabolic syndrome doubles the risk of cardiovascular diseases (Sri Rahayu and Maulina,
2017).

Several studies found that the prevalence of metabolic syndrome keeps increasing every year. A
study in China shows the prevalence of metabolic syndrome in adults was 24.2% (Li et al., 2018).
Another study indicated that the prevalence of metabolic syndrome in Indonesia was 21.66%
(Herningtyas and Ng, 2019). \In recent studies ]metabolic syndrome can be assessed using the

continuous value of metabolic syndrome (cMets) or the metabolic syndrome score recommended by
the American Diabetic Association of Diabetes. The metabolic syndrome score is a z-score resulting
from the assessment of all components of the metabolic syndrome (Pratiwi, et al., 2017). The
advantages of using cMetS are (1) reducing dichotomization factors because cardiovascular disease
is a progression of several components of the metabolic syndrome, (2) cMetS is more sensitive and
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less error-prone than categoric metabolic syndrome assessments, (3) increasing the statistical power
(Okosun, Lyn, et al., 2010).

Central obesity is one of the components of metabolic syndrome parameters. Central obesity is
associated with increased blood pressure, serum triglycerides, decreased HDL, and glucose
intolerance. Based on the National Basic Health Research (Riskesdas) in 2018, the prevalence of
obesity in adults was 21.8%, and the prevalence of central obesity at age of more than 15 years
increased from 26.6% in 2013 to 31% in 2018 (Badan Penelitian dan Pengembangan Kesehatan,
2018). Obesity is closely related to degenerative diseases. hhe] Riskesdas 2018 showed that the

prevalence of stroke, diabetes mellitus, heart disease, and hypertension is higher in women than
men.

Several studies have shown that non-invasive approaches such as anthropometric measurements
can be used for [early ]detection of metabolic syndrome (Pratiwi, et al., 2017). Anthropometric

measurements are described as the measurements of body dimensions and body composition to
assess nutritional status. The advantages of anthropometric measurements are relatively fast and
easy, as it can be performed using portable and calibrated instruments with standardized methods
(Rokhmah, et al., 2015). Some anthropometric measurements that can be used for early detection
of metabolic syndrome are Waist-to-Height Ratio (WHtR), waist-to-hip ratio (WHR), hip
circumference, Body Mass Index (BMI), Sagital Abdominal Diameter (SAD).

One of the anthropometric measurements which can be a parameter for central obesity is the
ratio of waist circumference to height (WHtR). The instruments used in the measurement are
microtoise and measuring tape so that it takes ‘Ionger time. Btudies on waist circumference have been

shown to have a strong correlation with abdominal fat deposits (Zhou et al., 2014). The distribution
of abdominal adipose tissue (central obesity) in adults is associated with a component of the
metabolic syndrome (Rodea-Montero, et al., 2014). A study on adult subjects has shown that people
who have the same waist circumference but are shorter in height have a greater risk of developing
metabolic syndrome than taller people (Zhou et al., 2014). Therefore, WHtR can be used as a simple
and effective anthropometric index to identify the metabolic risk associated with obesity (Rodea-
Montero, et al., 2014).

|The waist-to-hip ratio (WHR) is a measurement that may indicate central obesity (Karimah, 2018).
The higher the WHR value, the higher the risk level for several metabolic diseases. The waist-to-hip
ratio is calculated by dividing the measurement of the waist circumference by the circumference of
the hip. The cut-off points for WHR are >1.0 for men and 20.85 for women (Rokhmah, et al., 2015).
Individuals with a high waist and hip circumference will also have a higher distribution of fat in their
abdominal area. Irregular fats distribution in the abdominal area indirectly causes higher triglyceride
levels circulating in the blood, which will affect blood pressure (Sumardiyono et al., 2018). WHR
measurement is more sensitive in assessing the distribution of fat in the body, especially in the
abdominal. Trhis measurement is three times better than BMI in reflecting the presence of harmful

fats in the abdominal. Measurement of waist circumference is performed by determining the lower
part of arcus costae and crista iliaca (Sri Rahayu and Maulina, 2017).

Body Mass Index (BMI) is a practical and easy measurement to perform, but it cannot distinguish
between fat mass, bone mass and muscle mass. BMI is calculated as body weight (kg) / height

[ Commented [A5]: The

[Commented [A6]: The early

[Commented [A7]: a longer time

[Commented [A8]: abdomen

106



81
82

83
84
85
86
87
88
89
90
91
92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123

squared (m?) (Okura et al., 2018). BMI can be used as the first measurement before any other
anthropometric measurements.

Sagittal Abdominal Diameter (SAD) or the height of the abdomen while the subjects are [in lying ‘/[c‘,mmented [A9]: in a lying

position. This anthropometric measurement has not been widely used to measure fat tissue in the
abdominal area. SAD measurements using computed tomography or magnetic resonance imaging,
and are associated with components of metabolic syndrome. The measurements of SAD are taken
when the subject is lying down on the examination table with ‘naked] upper body. SAD is related to

central obesity in individuals with obese and normal nutritional status. Furthermore, SAD is
associated with diabetes mellitus and a predictor of cardiovascular disease incidence, even when SAD
is measured [in standink position (Pajunen et al., 2013). Based on the abovementioned problems, our

study aims to lanalyse‘ the anthropometric indicators related to metabolic syndrome in female

students.]

2. Materials and methods

2.1 Design, location, and time

The scope of this study is community nutrition with a cross-sectional study design.
Anthropometric and biochemical data were collected at the Cito Laboratory, Banyumanik Semarang
with health protocols applied. The study started from March to July 2020.

2.2 Samplings

This study was conducted during the SARS-CoV-2 outbreak, which later was named COVID-19 by
the WHO, so the registration for study participants was done online. The inclusion criteria were
female students aged [19-24, resided in Semarang, willing to be a study participant and willing to

follow a series of study instructions. Subjects were asked to fill in personal data using a Google form;
and eligible subjects will be contacted by the researchers to plan a direct meeting. Purposive
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sampling was used in this study and the total number of subjects required was 163. /[ Commented [A15]:

2.3 Data collected

|The independent variables in this study were the Waist-to-Height Ratio (WHtR), Waist-Hip Ratio
(WHR), Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and hip circumference.
Bodyweight was measured using a digital scale to the nearest 0.01 kg, height was measured using a
microtoise to the nearest 0.1 cm, waist circumference and hip circumference was measured using a
measuring tape (Medline) to the nearest 1 mm and abdominal height was measured using the
Abawerk Schaffenburg abdominal kalliper] to the nearest 1 mm. SAD measurements were performed

with the subject in a supine position on a flat surface with both knees forming an angle of 90° (Firouzi
etal., 2018)|

The cut-off point used in this study refers to previous studies because it had been adjusted for the
Asian race (Rose et al., 2020). Each anthropometric measurement is stated as “at risk” if the
individuals have >0.50 for WHtR (Zhang et al., 2016), > 0.85 for WHR (Rokhmah, et al., 2015) , > 19.3
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The dependent variable in this study is the metabolic syndrome component that has been
converted into a metabolic syndrome score (cMetS) with the cut-off point on cMetS> 2.21 (Rose et
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al., 2020). The guidelines for metabolic syndrome in this study are taken from the National
Cholesterol Education Program-Adult Treatment Panel (NCEP-ATP Ill) 2005 which has been
frequently used in Indonesia. There are 5 parameters to assess metabolic syndrome: (1) fasting blood
glucose levels 2110 mg/dL, (2) triglyceride levels 2150 mg/dL (3) HDL cholesterol levels <50 mg/dL,
(4) central obesity in women with waist circumference 280 ¢cm, and (5) systolic and diastolic blood
pressures 2130 mmHg and 285 mmHg, respectively (Soewondo et al., 2010). The calculation of the
metabolic syndrome score (cMetS) was done in the following steps: (1) after measuring all
parameters of the metabolic syndrome, standardisation was carried out to obtain a Z-score; (2) the
blood pressure must be converted into Mean Arterial Blood (MAP) by dividing the difference
between systolic and diastolic blood pressure by three and summed with the diastolic blood
pressure; (3) the HDL cholesterol [standardisation‘ results were multiplied by (-1) because the

parameter was inversely related to the risk of metabolic syndrome; (4) All Z-scores were added to
obtain the cMetS values; (5) The final step was to compare the cMetS values with the cut-off point
of 22,21 (Eisenmann et al., 2010; Okosun, Boltri, et al., 2010; Rose et al., 2020). The subjects were
instructed to do fasting for at least 8 hours; only drinking water was permitted.

Other than the cMetS score, metabolic syndrome risk can also be assessed from the classification
of metabolic types. This classification combines the internal and external signs of the body such as
biochemical parameters, the ratio of subcutaneous fat to abdominal fat, and blood pressure (Prybyla
0, 2020). The main phenotypes that reflect the possible combination of metabolic profile and the
degree of obesity are metabolic healthy obese weight, metabolic healthy normal weight, metabolic
unhealthy normal weight, and metabolic unhealthy normal weight.

2.4 Data analysis

Statistical analyses were performed using SPSS Statistical software. This study has received an
ethical clearance issued by the Medical/Health Research Bioethics Commission, Faculty of Medicine,
Sultan Agung Islamic University Semarang with Number No.296 /IX /2020 /Bioethical Commission.

Results and discussion/Results

The subject characteristics measured in female student aged 19-24 years include age,
anthropometric indicators, and metabolic syndromes. Table 1 shows the characteristics of the study
subjects. The mean of WHtR value in this study was 0.51. Meanwhile, the mean of WHR was 0.80; the
mean of BMI was 24.04 kg/m?; the mean of SAD was 16.79 cm; and the mean of waist circumference
was 79.44 cm.

Table 2 shows various nutritional status of the subjects based on BMI. We found that 43.6% of the
subjects had normal BMI, 17.2% were overweight and 35.6% were obese. Based on the WHtR
anthropometric indicator, 72.4% of subjects were at risk of having obesity; based on WHR, 22.1% had
central obesity; based on BMI, 35.6% were obese; based on SAD 12.3% of the subjects were at risk;
and based on waist circumference 55.2% had central obesity. According to the metabolic profile that
was assessed, 16.6% had high ‘FBG] levels, 8.6% had hypertriglycerides, 17.2% had low HDL, 16.6% had

high systolic blood pressure, and 21.5% had high diastolic blood pressure. In addition, we found 33.1%
of the subjects had high metabolic syndrome (cMetS) scores. This proportion was similar to the
assessment based on the metabolic type hheof ]unhealthy subjects (subjects who had > 3 risk factors
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of the metabolic profile), which was 33.7%. Moreover, two subjects had five risk factors: abdominal
obesity, hypertension, hyperglycaemia, hypertriglycerides, and low HDL.

If we are considering metabolic type based on nutritional status (subjects with non-obese BMI
(<25kg/m?) with metabolic healthy and metabolic unhealthy and subjects with obese BMI (> 25kg/m?)

with metabolic healthy and metabolic unhealthy), subjects are kategorised] as metabolic unhealthy

(experiencing metabolic syndrome) if they fulfil > 3 risk factors including high waist circumference,
blood pressure, k—iDP\ and triglyceride levels, and low HDL levels. Based on these criteria, we found that

10.4% of the subjects had metabolic unhealthy normal weight (MUNW) and 23.3% of the subjects had
metabolic unhealthy obesity weight (MUOW). In non-obese subjects, 54% of them were metabolic
healthy.

Table 3 and Table 4 show the results of statistical analyses on anthropometric indicators related
tol the ]metabolic syndromes. Table 3 shows the bivariate statistical analysis using the Pearson

correlation test. The analysis results showed that all anthropometric indicators, namely WHtR, BMI,
SAD, waist circumference, hip circumference and WHR have a strong positive relationship with the
metabolic syndrome score (p<0.001), which means that the higher the anthropometric value, the
higher the metabolic syndrome score. In addition, the analysis on the relationship between
anthropometric indicators and each metabolic profile revealed that almost all of the independent
variables (WHtR, waist and hip circumference, WHR, BMI, and SAD) were associated with each
metabolic profile, such as baseline systolic pressure, diastolic blood pressure, triglyceride levels, blood
sugar levels, and HDL. Only WHR hhat was ]not associated with diastolic blood pressure (p>0.005).

Table 4 shows the results of the analysis using multiple linear regression to determine
anthropometric indicators that are most associated with each metabolic profile and metabolic
syndrome score.

The results showed that BMI was the anthropometric indicator that is most associated with the
metabolic profiles, such as systolic blood pressure (p<0.001), blood sugar (p<0.05), and HDL (p
<0.001). In addition, waist circumference was the anthropometric indicator that is most associated
with triglycerides and metabolic syndrome score (p<0.001). Based on the Adjusted R2 value on the
metabolic syndrome score, we found that 37.5% of the metabolic syndrome score was related to
anthropometric indicators, such as WHtR, waist and hip circumference, WHR, BMI, and SAD. The rest
may be influenced by other variables that are not included in this study.

Discussion

The objective of this study was to determine the anthropometric indicators associated with
metabolic syndromes in female students. The study included 163 female students aged 19-24 years.
The students are in their late adolescents who begin to have an independent life. Inappropriate and
unhealthy eating behaviours Mill have an impact on the student’s nutritional status. Excessive

nutritional status and obesity will affect student’s body metabolism. Based on the study results,
33.1% of the subjects had a high metabolic syndrome (cMetS) score. In line with the previous study
conducted in 2019 on 18-to-21-year-old students at [Diponegoro UniversityL 20% of the subjects had

high cMetS (Rose et al., 2020). Meanwhile, a study conducted by Pratiwi et al in 2017 using secondary
data from the National Basic Health Research 2013 found that 19.98% of adolescents aged 15-24
years had high cMetS (Pratiwi, et al., 2017). Therefore, we conclude that there is a trend of Metabolic
Syndrome Score (cMetS) among young women in Semarang.
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The assessment of metabolic syndrome using a continuous type (scoring) rather than using a
dichotomy or binary (“yes” and “no”) is recommended (Christijani, 2019). An adolescent can be
diagnosed with metabolic syndrome if their Metabolic Syndrome Score (cMetS) >2.21 (Pratiwi, et al.,
2017). Anthropometric indicators used in this study are Waist and Height Ratio (WHtR), Waist-to-Hip
Ratio (WHR), Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and Waist Circumference.
Based on the correlation analyses, all anthropometric indicators have a significant positive
relationship with the Metabolic Syndrome Score (cMetS). Furthermore, the multivariate analyses
show that the anthropometric indicators of BMI and RLPP are strongly associated with cMetS.

According to the metabolic type, most of the subjects (54%) in this study had metabolic healthy

normal weight (MHNW) metabolic type. In this type, the individuals have a normal BMI and hoes not ///[ Commented [A29]: do

show any metabolic risk. Our study also shows that 10.4% of the subjects were classified as metabolic
unhealthy normal weight (MUNW). The subjects’ BMI in this category is in the normal range but has
a high percentage of body fat that makes them at high risk of developing metabolic disorders (Eckel
et al., 2015; Suliga et al., 2015). Several recent cohort studies have shown a greater risk of type Il
diabetes mellitus in individuals with MUNW compared to individuals with MHNW (Arnlév et al., 2011;
Hadaegh et al., 2011; Aung et al., 2014; Jung et al., 2014; Hinnouho et al., 2015). Other studies have
shown that women with the MUNW type have a long-term impact of an increased risk of
cardiovascular diseases such as higher blood pressure, triglyceride and glucose levels as well as lower
levels of adiponectin, HDL, and LDL compared to women with the MHNW type (Kim et al., 2013).

In our study, 23.3% of the subjects belonged to the Metabolic Unhealthy Obese Weight (MUOW)
type. Subjects with this metabolic type have an obese BMI and have a high risk of developing
metabolic disorders. A study conducted in Japan on 29,564 subjects showed that individuals with
MUOW had a greater risk of developing type Il diabetes mellitus compared to individuals with MHOW
(Heianza et al., 2015).

We also found that 12.3% of the subjects were categorized as metabolic healthy obese weight
(MHOW). Individuals in this metabolic type have an obese BMI but do not show any metabolic risks.
Given the impact of obesity in relation to the risk of metabolic diseases, various studies have been
conducted to examine the long-term effects of MHOW. Individuals with MHOW had a different fat
distribution pattern (less ectopic and visceral fat), and lower inflammatory markers (Samocha-Bonet
et al., 2014). Other studies also have shown that women with MHOW had lower blood pressure,
triglyceride levels, and glucose levels, but higher levels of HDL, adiponectin, and LDL compared to
women with MUNW (Kim et al., 2013). This condition was associated with good diet quality in
individuals with MHOW. Based on National Health and Nutrition Examination Surveys (NHANES)
data, Camhi et al examined the quality of diet in obese subjects, and found that adolescents and adult
women with the MHOW metabolic type had higher diet quality scores due to high intake of fruit,
whole grains, meat, and nuts (Camhi et al., 2015).

IThe correlation test results indicated that all anthropometric indicators had a positive
relationship with the metabolic syndrome scores with p <0.001. Meanwhile, the regression analyses
show that BMI and WHR were inversely related to cMetS. This is in line with research conducted by
Lindy et al, who stated that an increase in the WHR value could be associated with the risk of
metabolic syndrome in children and adolescents in Florida (Moore et al., 2015). A study conducted
by Al-Bachir and Bakir stated that there was a strong relationship between overweight and obese
adolescents with metabolic syndrome (Al-Bachir and Bakir, 2017). Furthermore, a study conducted
by Adrian et al on 15-year-old adolescents in South Africa found that central obesity as measured by
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the hip circumference could lead to an increased risk of cardiovascular diseases and death. Therefore,
hip circumference and waist circumference can be used to predict the risk of cardiovascular diseases
and death in the future (Cameron et al., 2012).

Body Mass Index (BMI) is the most widely used indicator of measurement in epidemiological
studies and is used as a substitute for evaluating body composition. However, BMI cannot distinguish
fat from fat mass and lean mass, and it fails to show the presence of adipose and body fat distribution
(Ofer et al., 2019; Leone et al., 2020). However, the BMI cut-offs for metabolic syndrome has not yet
been determined (Ofer et al., 2019). Obesity in adolescents is generally assessed using a BMI of >225.0
kg/m?2. In this study, we only divided the subjects into normal nutritional status (18.5-25 kg/m?) and
obesity (225.0 kg/m?), and we found that 35.6% of the subjects were obese. The finding is in line with
the research conducted by Sophia et al on the subject of students at Universitas Diponegoro aged
18-21 years. They found that 40% of their study population had obesity level | and 36.3% had obesity
level Il (Rose et al., 2020).]

Abdominal obesity is often assessed to determine a metabolic syndrome in people. One of the
indicators used to measure abdominal obesity is the Waist-to-Hip Ratio (WHR) which is calculated by
dividing the waist circumference and the hip circumference. Measurement of waist circumference is
more sensitive in assessing the distribution of body fat in the abdominal wall, which is also a
component in fche ‘metabolic syndrome. The limit of the WHR value for female is > 0.85 (Rokhmabh, et

al., 2015). This study shows that every 1% increase in the WHR value will increase the cMetS value
by 10.411. Hip circumference is also an indicator that has a strong correlation with cMetS, but many
studies have used it as a ratio along with waist circumference for assessing a person's central obesity
status.

5. Conclusion

Metabolic syndrome in female students in Semarang can be identified using anthropometric
measurements, one of which is BMI and WHR which are very easy to measure and efficient. In
addition, the use of cMetS in the metabolic assessment of a person was found to be more effective.

Conflict of interest - Disclose any potential conflict of interest appropriately.
The authors declare no conflict of interest.
Acknowledgments

The authors would like to thank all the subjects who participated in this study. We would also like to
express our gratitude to The Ministry of Research, Technology and Higher Education, Indonesia” was
funded by the “Hibah Penelitian Dasar Unggulan Perguruan Tinggi (PDUPT) 2019.

[ Commented [A30]:

[Commented [A31]: in the-metabolic syndrome

111



290

291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336

References

Al-Bachir, M. and Bakir, M. A. (2017). Predictive value of body mass index to metabolic syndrome risk
factors in Syrian adolescents. Journal of Medical Case Reports, 11(1). doi: 10.1186/s13256-017-1315-
2.

Arnldv, J., Sundstrém, J., Ingelsson, E., Lind, L. (2011). Impact of BMI and the metabolic syndrome on the
risk of diabetes in middle-aged men. Diabetes Care, 34(1), 61-65. doi: 10.2337/dc10-0955.

Aung, K. K., Lorenzo, C., Hinojosa, M. A., Haffner, S. M. (2014). Risk of developing diabetes and
cardiovascular disease in metabolically unhealthy normal-weight and metabolically healthy obese
individuals. Journal of Clinical Endocrinology and Metabolism, 99(2), 462-468. doi: 10.1210/jc.2013-
2832.

Badan Penelitian dan Pengembangan Kesehatan. (2018). Riset Kesehatan Dasar (RISKESDAS) 2018.
Jakarta, Indonesia.

Cameron, A. J., Magliano, D. J., Shaw, J. E., Zimmet, P. Z., Carstensen, B., Alberti, K. G. M. M., Tuomilehto,
J., Barr, E. L. M., Pauvaday, V. K., Kowlessur, S., Séderberg, S. (2012). The influence of hip circumference
on the relationship between abdominal obesity and mortality. International Journal of Epidemiology,
41(2), 484-494. doi: 10.1093/ije/dyr198.

Cambhi, S. M., Whitney Evans, E., Hayman, L. L., Lichtenstein, A. H., Must, A. (2015). Healthy eating index
and metabolically healthy obesity in U.S. adolescents and adults. Preventive Medicine, 77, 23-27. doi:
10.1016/j.ypmed.2015.04.023.

Christijani, R. (2019). Determination of Diagnosis of Metabolic Syndrome based on Assessment of
Metabolic Syndrome and NCEP ATP-IIl Score in Adolescent. The Journal of Nutrition and Food Research,
42(1), 21-28. doi: 10.22435/pgm.v42i1.2418.

Devi, R., Manhas, S., Prasad, S., Sharma, S., Bhaskar, N., Mahajan, S. (2017). Short Review of Metabolic
Syndrome. International Journal of Research & Review, 4(2), p. 29.

Dieny, F. F., Setyaningsih, R. F., Fitranti, D. Y., Jauharany, F. F., Putra, Y. D., Tsani, A. F. A. (2020). Abdominal
diameter profiles have relationship with insulin resistance in obese female adolescents. Electronic
Journal of General Medicine, 17(5), p. em219. doi: 10.29333/ejgm/7882.

Eckel, N., Mhlenbruch, K., Meidtner, K., Boeing, H., Stefan, N., Schulze, M. B. (2015). Characterization of
metabolically unhealthy normal-weight individuals: Risk factors and their associations with type 2
diabetes. Metabolism: Clinical and Experimental, 64(8), 862—-871. doi: 10.1016/j.metabol.2015.03.009.

Eisenmann, J. C., Laurson, K. R., Dubose, K. D., Smith, B. K., Donnelly, J. E. (2010). Construct validity of a
continuous metabolic syndrome score in children. Diabetology and Metabolic Syndrome, 2(1). doi:
10.1186/1758-5996-2-8.

Firouzi, S. A., Tucker, L. A., LeCheminant, J. D., Bailey, B. W. (2018). Sagittal abdominal diameter, waist
circumference, and BMI as predictors of multiple measures of glucose metabolism: An NHANES
investigation of US adults. Journal of Diabetes Research, 2018, 1-14. doi: 10.1155/2018/3604108.

Hadaegh, F., Bozorgmanesh, M., Safarkhani, M., Khalili, D., Azizi, F. (2011). Predictability of body mass
index for diabetes: Affected by the presence of metabolic syndrome?. BMC Public Health, 11(1), p. 383.
doi: 10.1186/1471-2458-11-383.

Heianza, Y., Kato, K., Kodama, S., Ohara, N., Suzuki, A., Tanaka, S., Hanyu, O., Sato, K., Sone, H. (2015). Risk
of the development of Type 2 diabetes in relation to overall obesity, abdominal obesity and the
clustering of metabolic abnormalities in Japanese individuals: Does metabolically healthy overweight
really exist? The Niigata Wellness Study. Diabetic Medicine, 32(5), 665-672. doi: 10.1111/dme.12646.

Herningtyas, E. H. and Ng, T. S. (2019). Prevalence and distribution of metabolic syndrome and its
components among provinces and ethnic groups in Indonesia. BMC Public Health, 19(1), p. 377. doi:
10.1186/512889-019-6711-7.

Hinnouho, G. M., Czernichow, S., Dugravot, A., Nabi, H., Brunner, E. J., Kivimaki, M., Singh-Manoux, A.

112



337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384

(2015). Metabolically healthy obesity and the risk of cardiovascular disease and type 2 diabetes: The
Whitehall Il cohort study. European Heart Journal, 36(9), 551-559. doi: 10.1093/eurheartj/ehu123.
Jung, H. S., Chang, Y., Eun, Y. K., Kim, C. W., Choi, E.S., Kwon, M. J., Cho, J., Zhang, Y., Rampal, S., Zhao, D.,
Soo, K. H., Shin, H., Guallar, E., Ryu, S. (2014). Impact of body mass index, metabolic health and weight
change on incident diabetes in a Korean population. Obesity, 22(8), 1880-1887. doi:

10.1002/0by.20751.

Karimah, M. (2018). Rasio Lingkar Pinggal-panggul Memiliki Hubungan Paling Kuat dengan Kadar Glukosa
Darah’. Jurnal Berkala Epidemiologi, 6(3), 219-226.

Kim, M., Paik, J. K., Kang, R., Kim, S. Y., Lee, S. H., Lee, J. H. (2013). Increased oxidative stress in normal-
weight postmenopausal women with metabolic syndrome compared with metabolically healthy
overweight/obese individuals. Metabolism: Clinical and Experimental, 62(4), 554-560. doi:
10.1016/j.metabol.2012.10.006.

Leone, A. et al. (2020). Evaluation of different adiposity indices and association with metabolic syndrome
risk in obese children: Is there a winner?. International Journal of Molecular Sciences, 21(11), p. 4083.
doi: 10.3390/ijms21114083.

Li, Y. et al. (2018). Metabolic syndrome prevalence and its risk factors among adults in China: A nationally
representative cross-sectional study. PLoS ONE, 13(6), p. e0199293. doi:
10.1371/journal.pone.0199293.

Moore, L. M. et al. (2015). Analysis of Pediatric Waist to Hip Ratio Relationship to Metabolic Syndrome
Markers. Journal of Pediatric Health Care, 29(4), 319-324. doi: 10.1016/j.pedhc.2014.12.003.

Ofer, K. et al. (2019). Normal body mass index (BMI) can rule out metabolic syndrome: An Israeli cohort
study. Medicine, 98(9), p. e14712. doi: 10.1097/MD.0000000000014712.

Okosun, 1. S., Boltri, J. M., et al. (2010). Continuous metabolic syndrome risk score, body mass index
percentile, and leisure time physical activity in American children. Journal of Clinical Hypertension,
12(8), 636-644. doi: 10.1111/j.1751-7176.2010.00338.x.

Okosun, I. S., Lyn, R., et al. (2010). Validity of a Continuous Metabolic Risk Score as an Index for Modeling
Metabolic Syndrome in Adolescents. Annals of Epidemiology, 20(11), 843-851. doi:
10.1016/j.annepidem.2010.08.001.

Okura, T. et al. (2018). Body mass index 223 is a risk factor for insulin resistance and diabetes in Japanese
people: A brief report. PLOS ONE. Edited by P. Bjornstad, 13(7), p. e0201052. doi:
10.1371/journal.pone.0201052.

Pajunen, P. et al. (2013). Sagittal abdominal diameter as a new predictor for incident diabetes. Diabetes
Care, 36(2), 283-288. doi: 10.2337/dc11-2451.

Pratiwi, Z. A., Hasanbasri, M. and Huriyati, E. (2017). Penentuan titik potong skor sindroma metabolik
remaja dan penilaian validitas diagnostik parameter antropometri: analisis Riskesdas 2013. Jurnal Gizi
Klinik Indonesia, 14(2), p. 80. doi: 10.22146/ijcn.25590.

Prybyla, O. (2020). Metabolic phenotyping: is it so important?. Journal of Cognitive Neuropsychology.
iMedPub., 4(1), 1-3.

Rodea-Montero, E. R., Evia-Viscarra, M. L. and Apolinar-Jiménez, E. (2014). Waist-to-height ratio is a better
anthropometric index than waist circumference and BMI in predicting metabolic syndrome among
obese mexican adolescents. International Journal of Endocrinology, 2014, 195407. doi:
10.1155/2014/195407.

Rokhmah, F. D., Handayani, D. and Al-Rasyid, H. (2015). Korelasi lingkar pinggang dan rasio lingkar
pinggang-panggul terhadap kadar glukosa plasma menggunakan tes toleransi glukosa oral. Jurnal Gizi
Klinik Indonesia, 12(1), 28-35. doi: 10.22146/ijcn.22425.

Rose, S., Dieny, F. F., Nuryanto, N., Tsani, A. F. A. (2020). The correlation between waist-to-height ratio
(wHtR) and second to fourth digit ratio (2D:4D) with an increase in metabolic syndrome scores in obese
adolescent girls. Electronic Journal of General Medicine, 17(3), p. em211. doi: 10.29333/ejgm/7872.

113



385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412

Samocha-Bonet, D., Dixit, V. D., Kahn, C. R., Leibel, R. L., Lin, X., Nieuwdorp, M., Pietildinen, K. H., Rabasa-
Lhoret, R., Roden, M., Scherer, P. E., Klein, S., Ravussin, E. (2014). Metabolically healthy and unhealthy
obese - The 2013 stock conference report. Obesity Reviews, 15(9), 697-708. doi: 10.1111/0br.12199.

Soewondo, P., Purnamasari, D., Oemardi, M., Waspadji, S., Soegondo, S. (2010). Prevalence of Metabolic
Syndrome Using NCEP/ATP Il Criteria in Jakarta, Indonesia: The Jakarta Primary Non-communicable
Disease Risk Factors Surveillance 2006. Acta Med Indones., 42(4), 199-203.

Sri Rahayu, M. and Maulina, M. (2017). Hubungan Rasio Lingkar Pinggang dan Lingkar Pinggul dengan
Penyakit  Jantung Koroner. Jurnal Aceh  Medika, 1(1), 1-10. Available at:
www.jurnal.abulyatama.ac.id/acehmedika (Accessed: 8 April 2021).

Srikanthan, K., Feyh, A., Visweshwar, H., Shapiro, J. I., Sodhi, K.(2016). Systematic review of metabolic
syndrome biomarkers: A panel for early detection, management, and risk stratification in the West
Virginian population. International Journal of Medical Sciences, 13(1), 25—-38. doi: 10.7150/ijms.13800.

Suliga, E., Koziet, D., Ciedla, E., Gtuszek, S. (2015). Association between dietary patterns and metabolic
syndrome in individuals with normal weight: A cross-sectional study. Nutrition Journal, 14(1), p. 55.
doi: 10.1186/s12937-015-0045-9.

Sumardiyono, S., Pamungkasari, E. P., Mahendra, A. G., Utomo, O. S., Mahajana, D., Cahyadi, W. R., Ulfia,
M. (2018). Hubungan Lingkar Pinggang dan Lingkar Panggul dengan Tekanan Darah pada Pasien
Program Pengelolaan Penyakit Kronis (Prolanis). Smart Medical Journal, 1(1), p. 26. doi:
10.13057/smj.v1i1.24504.

Susetyowati, S. (2016). Gizi Remaja, in IImu Gizi: Teori dan Aplikasi. Jakarta, Indonesia: EGC, 160-164.

Zhang, Y. X., Wang, Z. X., Chu, Z. H., Zhao, J. S. (2016). Profiles of body mass index and the nutritional
status among children and adolescents categorized by waist-to-height ratio cut-offs. International
Journal of Cardiology, 223, 529-533. doi: 10.1016/].ijcard.2016.07.303.

Zhou, D., Yang, M., Yuan, Z. P., Zhang, D. D., Liang, L., Wang, C. L., Zhang, S., Zhu, H. H., Lai, M. D., Zhu, Y.
M. (2014) . Waist-to-Height Ratio: A simple, effective and practical screening tool for childhood obesity
and metabolic syndrome. Preventive Medicine, 67, 35-40. doi: 10.1016/j.ypmed.2014.06.025.

114



413
414

415

416
417

Table 1. Minimum, Maximum, Average and Standard Deviation

Tables and Figures — 1 PAGE 1 TABLE/FIGURE. PLACE ALL TABLES AND FIGURES AT THE END OF THE
MANUSCRIPT BODY AFTER THE REFERENCES

Variabel Minimum Maximum Mean SD
Anthropometric Indicators

WHIR (rasio) 0.37 0.71 0.51 0.07
RLPP (rasio) 0.67 0.96 0.80 0.06
BMI (kg/m?) 15.81 39.30 24.04 4.72
Sagital Abdominal Diameter (cm) 11.35 25.50 16.79 2.42
Hip Circumference (cm) 80.60 138.45 98.96 9.30
Waist Circumference (cm) 58.00 112.10 79.44 10.78
Metabolic Profiles

Blood Glucose Levels (mg/dL) 66.00 110.00 92.00 7.59
Trygliceride Levels (mg/dL) 29.00 309.00 88.35 44.68
Cholesterol Levels HDL (mg/dL) 36.00 109.00 61.73 26.43
Sistolic Blood Pressure (mmHg) 84.00 144.00 114.63 11.13
Diastolic Blood Pressure (mmHg) 55.00 178.00 82.40 55.52
cMetsS (Score of Metabolic Syndrome)  -7.10 11.93 0.01 2.90
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Table 2. Anthropometric Overview and Components of Metabolic Syndrome

Characteristics

n

%

Anthropometric
Body Mass Index (BMI)

Triglycerides

Underweight (< 18.5 kg/m?) 6 3.7
Normal (18.5 — 22.9 kg/m?) 71 436
Overweight (23-24.9 kg/m?) 28 172
Obese (225.0 kg/m?) 58 356
Waist Height Ratio (WHtR)
Normal (<0.50) 45 27.6
RisK (20.50) 118 72.4
Waist Hip Ratio
Normal (<0.85) 127 779
Central Obesity (>0.85) 36 221
Sagital Abdominal Diameter (SAD)
Normal (£19.3 cm) 143 87.7
RisK (>19.3 cm) 20 123
Wait Circumference
Normal (<80 cm) 73 4438
Obese (<80 cm) 90 55.2
Metabolic Profiles
Blood Glucose Levels
Normal (<110 mg/dL) 136 83.4
High (2110 mg/dL) 27 16.6
Normal (<150 mg/dL) 149 914
High (2150 mg/dL) 14 86
Cholesterol HDL
Normal (2150 mg/dL) 135 82.8
‘Rendah \(<150 mg/dL) 28 17.2
Sistolic Blood Pressure
Normal (<130 mg/dL) 136 83.4
High (2130 mg/dL) 27 16.6
Diastolic Blood Pressure
Normal (<85 mg/dL) 128 78.5
High (=85 mg/dL) 35 215
cMetS (Score of Metabolic Syndrome)
Normal (<2.21) 109 66.9
RisK (22.21) 54 331
|Tipe Metabolik |
Metabolic Unhealthy Normal Weight (MUNW) 17  10.4
Metabolic Healthy Normal Weight (MHNW) 88 54
Metabolic Unhealthy Obese Weight (MUOW) 38 233
Metabolic Healthy Obese Weight (MHOW) 20 123
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436 Table 3.The Relationship between Anthropometric Indicators and Metabolic Profiles (Blood Pressure,

437 Triglycerides, Blood Sugar, HDL and metabolic syndrome scores)
Variable Sistolic BP Distolic BP TG Blood Glucose HDL cMetS

r p r p r p r p r p r p

WHtR 0.358 <0.001 0.306 <0.001 0.289 <0.001 0.210 0.007 -0.266 0.001 0.599 <0.001
BMI 0.370 <0.001 0.313 <0.001 0.315 <0.001 0.221 0.005 -0.292 <0.001 0.600 <0.001
SAD 0.352 <0.001 0.284 <0.001 0.278 <0.001 0.191 0.015 -0.264 0.001 0.575 <0.001
WC 0.377 <0.001 0.284 <0.001 0.295 <0.001 0.212 0.005 -0.243 0.002 0.616 <0.001
HC 0.369 <0.001 0.332 <0.001 0.302 <0.001 0.179 0.002 -0.273 <0.001 0.581 <0.001
WHR 0.244 0.002 0.128 0.104 0.194 0.013 0.172 0.028 -0.149 0.048 0.415 <0.001
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440
441

442

Table 4. Anthropometric indicators most associated with metabolic components and metabolic

syndrome scores

Variable Sistolic BP

lKonstanta] usce p1® p2° YAdjusted R?
BMmI 91.759 0.951 <0.001 <0.001 0.158

Blood Glucose Levels

Konstanta usce p1® p2° Adjusted R?
BMI 83.454 0.355 0.005 <0.001 0.043

HDL

Konstanta usce p1® p2° Adjusted R?
BMI 81.429 -0.819 <0.001 <0.001 0.080

Triglycerides

Konstanta usce p1® p2° Adjusted R?
wc -6.614 1.195 <0.001 <0.001 0.078

Score of Metabolic Syndrome

konstantd usce p1® p2° Adjusted R?
wc -13.163 0.166 <0.001 <0.001 0.375

2Unstandardized Coefficient, ® p-value, ¢ p Uji F (ANOVA), dlKoefisien Determinasi

1

Commented [A38]: ?

Commented [A39]: ?

|
/{

Commented [A40]: ??

118



N =

4

O 00 N O Un;

10
11
12
13
14
15
16
17
18
19
20
21
22

23

24

25

26

27
28
29
30
31
32

33
34
35
36
37
38
39

Anthropometry indicators that are most related to metabolic profiles in female college
students

Abstract

Metabolic syndrome is not a disease, but is a set of several disorders and causes an increased risk of
cardiovascular disease and diabetes mellitus complications. Several studies have shown that non-
invasive approaches such as anthropometric measurements can be used for early detection of
metabolic syndrome. This study aims to lanalyze\ the anthropometric indicators related to metabolic

syndrome in female college students. This cross-sectional study with a total of 163 female college
students, aged between 19 and 24 years old. Purposive sampling was used in this study. The
independent variables in this study were the Waist-to-Height Ratio (WHtR), Waist-Hip Ratio (WHR),
Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and hip circumference. The dependent
variable in this study is the metabolic syndrome component that has been converted into a metabolic
syndrome score (cMetS). The analysis results showed that all anthropometric indicators, namely
WHtR, BMI, SAD, waist circumference, hip circumference and WHR have a strong positive
relationship with the metabolic syndrome score (p<0.001). BMI was the anthropometric indicator
that is most associated with the metabolic profiles, such as systolic blood pressure (p<0.001), blood
sugar (p<0.05), and HDL (p<0.001). Waist circumference was the anthropometric indicator that is
most associated with triglycerides and metabolic syndrome score (p<0.001). [Metabolic syndrome in
female college students }can be identified using anthropometric measurements, one of which is BMI

and WHR which are very easy to measure and efficient. BMI and WHR have the strongest relationship
and can be used to detect early risk of metabolic syndrome in female college students.

Keywords: Adolescent; Anthropometric Indicator; Female; Metabolic Profile; Metabolic Syndrome.

1.

Introduction

Commented [acer1]: Include author information
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Metabolic syndrome is a set of body metabolic disorders such as [dyslipidemia, hyperglycemiaL//[ Commented [A4]: revised

hypertension, and central obesity (Srikanthan et al., 2016; Devi et al., 2017; Christijani, 2019).
Metabolic syndrome is not a disease, but is a set of several disorders and causes an increased risk of
cardiovascular disease and diabetes mellitus complications. Some epidemiological studies have
shown that metabolic syndrome doubles the risk of cardiovascular diseases (Sri Rahayu and Maulina,
2017).

Indonesia as a developing country cannot be separated from the existing nutritional problems in
the world, including the incidence of obesity and metabolic syndrome. Several studies found that the
prevalence of metabolic syndrome keeps increasing every year. A study in China showed the
prevalence of metabolic syndrome in adults was 24.2% (Li et al., 2018). Another study indicated that
the prevalence of metabolic syndrome in Indonesia was 21.66% (Herningtyas and Ng, 2019). In recent
[studie4 metabolic syndrome can be assessed using the continuous value of metabolic syndrome

(cMets) or the metabolic syndrome score recommended by the American Diabetic Association of

//[ Commented [A5]: revised
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Diabetes. The metabolic syndrome score is a z-score resulting from the assessment of all components
of the metabolic syndrome (Pratiwi, et al., 2017). The advantages of using cMetS are (1) reducing
dichotomization factors because cardiovascular disease is a progression of several components of
the metabolic syndrome, (2) cMetS is more sensitive and less error-prone than categoric metabolic
syndrome assessments, (3) increasing the statistical power (Okosun, Lyn, et al., 2010).

Central obesity is one of the components of metabolic syndrome parameters. Central obesity is
associated with increased blood pressure, serum triglycerides, decreased HDL, and glucose
intolerance. Based on the National Basic Health Research (Riskesdas) in 2018, the prevalence of
obesity in adults was 21.8%, and the prevalence of central obesity at age of more than 15 years
increased from 26.6% in 2013 to 31% in 2018 (Badan Penelitian dan Pengembangan Kesehatan,

2018). Obesity is closely related to degenerative diseases. Fre—Riskesdas |2018 showed that the ///[Commented [A6]: revised

prevalence of stroke, diabetes mellitus, heart disease, and hypertension is higher in women than
men.

Several studies have shown that non-invasive approaches such as anthropometric measurements

can be used for the early detection] of metabolic syndrome (Pratiwi, et al., 2017). Anthropometric //[ Commented [A7]: revised

measurements are described as the measurements of body dimensions and body composition to
assess nutritional status. The advantages of anthropometric measurements are relatively fast and
easy, as it can be performed using portable and calibrated instruments with standardized methods
(Rokhmah, et al., 2015). Some anthropometric measurements that can be used for early detection
of metabolic syndrome are Waist-to-Height Ratio (WHtR), waist-to-hip ratio (WHR), hip
circumference, Body Mass Index (BMI), Sagital Abdominal Diameter (SAD).

One of the anthropometric measurements which can be a parameter for central obesity is the
ratio of waist circumference to height (WHtR). The instruments used in the measurement are

microtoise and measuring tape so that it takes @ longer itime]. Studies on waist circumference have //{ Commented [A8]: revised

been shown to have a strong correlation with abdominal fat deposits (Zhou et al., 2014). The
distribution of abdominal adipose tissue (central obesity) in adults is associated with a component of
the metabolic syndrome (Rodea-Montero, et al., 2014). A study on adult subjects has shown that
people who have the same waist circumference but are shorter in height have a greater risk of
developing metabolic syndrome than taller people (Zhou et al., 2014). Therefore, WHtR can be used
as a simple and effective anthropometric index to identify the metabolic risk associated with obesity
(Rodea-Montero, et al., 2014).

The Waist-To-Hip Ratio (WHR) is a measurement that may indicate central obesity (Karimah,
2018). The higher the WHR value, the higher the risk level for several metabolic diseases. The Waist-
To-Hip Ratio is calculated by dividing the measurement of the waist circumference by the
circumference of the hip. The cut-off points for WHR are >1.0 for men and >0.85 for women
(Rokhmah, et al., 2015). Individuals with a high waist and hip circumference will also have a higher
distribution of fat in their abdominal area. Irregular fats distribution in the abdominal area indirectly
causes higher triglyceride levels circulating in the blood, which will affect blood pressure
(Sumardiyono et al., 2018). WHR measurement is more sensitive in assessing the distribution of fat
in the body, especially in the abdomen. This measurement is three times better than BMl in reflecting
the presence of harmful fats in the abdomen. Measurement of waist circumference is performed by
determining the lower part of arcus costae and crista iliaca (Sri Rahayu and Maulina, 2017).
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82 Body Mass Index (BMI) is a practical and easy measurement to perform, but it cannot distinguish

o JC A

83 between fat mass, bone mass and muscle mass. BMI is calculated as body weight (kg) / height
84 squared (m?) (Okura et al., 2018). BMI can be used as the first measurement before any other
85 anthropometric measurements.
86 Sagittal Abdominal Diameter (SAD) or the height of the abdomen while the subjects are ina iyingL///[ Commented [A9]: revised
87 position. This anthropometric measurement has not been widely used to measure fat tissue in the
88 abdominal area. SAD measurements using computed tomography or magnetic resonance imaging,
89 and are associated with components of metabolic syndrome. The measurements of SAD are taken
90 when the subject is lying down on the examination table with @ |naked\ upper body. SAD is related to //[ Commented [A10]: revised
91 central obesity in individuals with obese and normal nutritional status. Furthermore, SAD is
92 associated with diabetes mellitus and a predictor of cardiovascular disease incidence, even when SAD
93 is measured in a lstanding] position (Pajunen et al., 2013). Based on the [above mentioned [problems, //{ Commented [A11]: revised
94 our study aims to Ianalyze\ the anthropometric indicators related to metabolic syndrome in female \\{Commented [ASUS12]: space
95 college students.
Commented [A13R12]: revised
96 Commented [A14]: revised
97 2. Materials and methods
98 2.1 Design, location, and time
99 A cross-sectional study design and this research wasc onducted from March to July 2020.
100 Anthropometric and biochemical data were collected at the Cito Laboratory, Banyumanik Semarang
101 with health protocols applied. This study was approved by the Medical/Health Research Bioethics
102 Commission, Faculty of Medicine, Sultan Agung Islamic University Semarang with Number No.296 /IX
103 /2020 /Bioethical Commission.
104
105 2.2 Samplings
106 This study was conducted during the SARS-CoV-2 outbreak, which later was named COVID-19 by
107 the WHO, so the registration for study participants was done online. Purposive sampling was used in
108 this study and the total number of subjects required was 163. Samples are selected based on
109 inclusion criteria, such as willing to be research subjects, female college students in Semarang City,
110 aged 19-24 years in Semarang, not consuming alcohol, not smoking, willing to be a study participant
111 and willing to follow a series of study instructions. Exclusion criteria are subjects who withdraw and
112 those who are ill during the research study. Based on the exclusion criteria mentioned, no subjects
113 are included in the exclusion L:riteria]. Subjects were asked to fill in personal data using a Google form; //[ Commented [A15]: revised
114 and eligible subjects will be contacted by the researchers to plan a direct meeting.
115 The health protocol applied during the anthropometric and biochemical data collection process,
116 consist of the subject filled out a Covid sign/symptom screening questionnaire, the subject was
117 checked for temperature, washed his hands before entering the room, the distance between subjects
118 was at least 1 meter, the subject and researcher used a mask and face shield. Researchers used gloves
119 and protective clothing. During the study, hand sanitizers were provided, anthropometric tools that
120 were on the subject's skin were wiped with alcohol.
121
122 2.3 Data collected
123 The independent variables in this study were the Waist-to-Height Ratio (WHtR), Waist-Hip Ratio
124 (WHR), Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and hip circumference. Weight
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and height data were obtained through direct measurements using a digital stamp scale GEA brand
with an accuracy of 0.1 kg and microtoise with an accuracy of 0.1 cm. Waist circumference and hip
circumference was measured using a measuring tape (Medline) to the nearest 1 mm and abdominal
height was measured using the Abawerk Schaffenburg abdominal caliper to the nearest 1 mm. SAD
measurements were performed with the subject in a supine position on a flat surface with both knees
forming an angle of 90° (Firouzi et al., 2018).[ Anthropometric data were collected by trained
enumerators].

The cut-off point used in this study refers to previous studies because it had been adjusted for the
Asian race (Rose et al., 2020). Each anthropometric measurement is stated as “at risk” if the
individuals have 20.50 for WHtR (Zhang et al., 2016), > 0.85 for WHR (Rokhmah, et al., 2015), > 19.3
cm ffor ]Sagital Abdominal Diameter (SAD) (Dieny et al., 2020), and have the normal to overweight

//[ Commented [A16]: revised
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BMI (18.5 - 25 kg/m?) or bbese|BMI| (225.0 kg/m?) (Susetyowati, 2016).

The dependent variable in this study is the metabolic syndrome component that has been
converted into a metabolic syndrome score (cMetS) with the cut-off point on cMetS> 2.21 (Rose et
al., 2020). The guidelines for metabolic syndrome in this study are taken from the National
Cholesterol Education Program-Adult Treatment Panel (NCEP-ATP IIl) 2005 which has been
frequently used in Indonesia. There are 5 parameters to assess metabolic syndrome: (1) fasting blood
glucose levels 2110 mg/dL, (2) triglyceride levels 2150 mg/dL (3) HDL cholesterol levels <50 mg/dL,
(4) central obesity in women with waist circumference 280 ¢cm, and (5) systolic and diastolic blood
pressures 2130 mmHg and 285 mmHg, respectively (Soewondo et al., 2010). The calculation of the
metabolic syndrome score (cMetS) was done in the following steps: (1) after measuring all
parameters of the metabolic syndrome, standardisation was carried out to obtain a Z-score; (2) the
blood pressure must be converted into Mean Arterial Blood (MAP) by dividing the difference
between systolic and diastolic blood pressure by three and summed with the diastolic blood
pressure; (3) the HDL cholesterol [standardization\ results were multiplied by (-1) because the

parameter was inversely related to the risk of metabolic syndrome; (4) All Z-scores were added to
obtain the cMetS values; (5) The final step was to compare the cMetS values with the cut-off point
of 22,21 (Eisenmann et al., 2010; Okosun, Boltri, et al., 2010; Rose et al., 2020). The subjects were
instructed to do fasting for at least 8 hours; only drinking water was permitted.

Other than the cMetS score, metabolic syndrome risk can also be assessed from the classification
of metabolic types. This classification combines the internal and external signs of the body such as
biochemical parameters, the ratio of subcutaneous fat to abdominal fat, and blood pressure (Prybyla
0, 2020). The main phenotypes that reflect the possible combination of metabolic profile and the
degree of obesity are metabolic healthy obese weight, metabolic healthy normal weight, metabolic
unhealthy normal weight, and metabolic unhealthy normal weight.

2.4 Data analysis

L’-\II data were analyzed using computer programs and statistical analyses were performed using
SPSS Statistical software version 22. Univariate analysis was used to describe subjects characteristic.
The distribution of data for normality was assessed using the Kolmogorov Smirnov test before
statistical. The relationship of anthropometric indicators with metabolic profile (Blood Pressure,
Triglycerides, Blood Sugar, HDL and metabolic syndrome scores) were determined using the Person
correlation test. Furthermore, Anthropometric indicators that are most related to the metabolic

component and metabolic syndrome score were analyzed using the Multiple Linear Regression testL
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Results and D{iscussion]

The subject characteristics measured in female student aged 19-24 years include age,
anthropometric indicators, and metabolic syndromes. Table 1 shows the characteristics of the study
subjects. The mean of WHtR value in this study was 0.51. Meanwhile, the mean of WHR was 0.80; the
mean of BMI was 24.04 kg/m?; the mean of SAD was 16.79 cm; and the mean of waist circumference
was 79.44 cm.

Table 2 shows various nutritional status of the subjects based on BMI. We found that 43.6% of the
subjects had normal BMI, 17.2% were overweight and 35.6% were obese. Based on the WHtR
anthropometric indicator, 72.4% of subjects were at risk of having obesity; based on WHR, 22.1% had
central obesity; based on BMI, 35.6% were obese; based on SAD 12.3% of the subjects were at risk;
and based on waist circumference 55.2% had central obesity. According to the metabolic profile that
was assessed, 16.6% had high Fasting Blood Glucose levels, 8.6% had hypertriglycerides, 17.2% had
low HDL, 16.6% had high systolic blood pressure, and 21.5% had high diastolic blood pressure. In
addition, we found 33.1% of the subjects had high metabolic syndrome (cMetS) scores. This
proportion was similar to the assessment based on the metabolic type |oﬂ unhealthy subjects (subjects

who had 2 3 risk factors of the metabolic profile), which was 33.7%. Moreover, two subjects had five
risk factors: abdominal obesity, hypertension, hyperglycemia, hypertriglycerides, and low HDL.

The objective of this study was to determine the anthropometric indicators associated with
metabolic syndromes in female students. The study included 163 female students aged 19-24 years.
The students are in their late adolescents who begin to have an independent life. Inappropriate and
unhealthy eating pehavior will have an impact on the student’s nutritional status. Excessive nutritional
status and obesity will affect student’s body metabolism. Based on the study results, 33.1% of the
subjects had a high metabolic syndrome (cMetS) score. In line with the previous study conducted in
2019 on 18-to-21-year-old students at Universitas Diponegoro, 20% of the subjects had high cMetS
(Rose et al., 2020). Meanwhile, a study conducted by Pratiwi et al in 2017 using secondary data from
the National Basic Health Research 2013 found that 19.98% of adolescents aged 15-24 years had high
cMetS (Pratiwi, et al., 2017). Therefore, we conclude that there is a trend of Metabolic Syndrome
Score (cMetS) among young women in Semarang.

The assessment of metabolic syndrome using a continuous type (scoring) rather than using a
dichotomy or binary (“yes” and “no”) is recommended (Christijani, 2019). An adolescent can be
diagnosed with metabolic syndrome if their Metabolic Syndrome Score (cMetS) >2.21 (Pratiwi, et al.,
2017). Anthropometric indicators used in this study are Waist and Height Ratio (WHtR), Waist-to-Hip
Ratio (WHR), Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and Waist Circumference.
Based on the correlation analyses, all anthropometric indicators have a significant positive
relationship with the Metabolic Syndrome Score (cMetS). Furthermore, the multivariate analyses
show that the anthropometric indicators of BMI and WHR are strongly associated with cMetS.

If we are considering metabolic type based on nutritional status (subjects with non-obese BMI
(<25kg/m?) with metabolic healthy and metabolic unhealthy and subjects with obese BMI (> 25kg/m?)
with metabolic healthy and metabolic unhealthy), subjects are categorized as metabolic unhealthy
(experiencing metabolic syndrome) if they fulfil > 3 risk factors including high waist circumference,
blood pressure, GBP-Fasting blood blucoseland triglyceride levels, and low HDL levels. Based on these

//[ Commented [A22]: revised
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criteria, we found that 10.4% of the subjects had metabolic unhealthy normal weight (MUNW) and
23.3% of the subjects had metabolic unhealthy obesity weight (MUOW). In non-obese subjects, 54%
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of them were metabolic healthy. Our study also shows that 10.4% of the subjects were classified as
metabolic unhealthy normal weight (MUNW). The subjects’ BMI in this category is in the normal range
but has a high percentage of body fat that makes them at high risk of developing metabolic disorders
(Eckel et al., 2015; Suliga et al., 2015). Several recent cohort studies have shown a greater risk of type
Il diabetes mellitus in individuals with MUNW compared to individuals with MHNW (Arnlév et al.,
2011; Hadaegh et al., 2011; Aung et al., 2014; Jung et al., 2014; Hinnouho et al., 2015). Other studies
have shown that women with the MUNW type have a long-term impact of an increased risk of
cardiovascular diseases such as higher blood pressure, triglyceride and glucose levels as well as lower
levels of adiponectin, HDL, and LDL compared to women with the MHNW type (Kim et al., 2013).

In this study, 23.3% of the subjects belonged to the Metabolic Unhealthy Obese Weight (MUOW)
type. Subjects with this metabolic type have an obese BMI and have a high risk of developing
metabolic disorders. A study conducted in Japan on 29,564 subjects showed that individuals with
MUOW had a greater risk of developing type Il diabetes mellitus compared to individuals with MHOW
(Heianza et al., 2015).

We also found that 12.3% of the subjects were categorized as metabolic healthy obese weight
(MHOW). Individuals in this metabolic type have an obese BMI but do not show any metabolic risks.
Given the impact of obesity in relation to the risk of metabolic diseases, various studies have been
conducted to examine the long-term effects of MHOW. Individuals with MHOW had a different fat
distribution pattern (less ectopic and visceral fat), and lower inflammatory markers (Samocha-Bonet
et al., 2014). Other studies also have shown that women with MHOW had lower blood pressure,
triglyceride levels, and glucose levels, but higher levels of HDL, adiponectin, and LDL compared to
women with MUNW (Kim et al., 2013). This condition was associated with good diet quality in
individuals with MHOW. Based on National Health and Nutrition Examination Surveys (NHANES)
data, Cambhi et al. (2015) examined the quality of diet in obese subjects, and found that adolescents
and adult women with the MHOW metabolic type had higher diet quality scores due to high intake
of fruit, whole grains, meat, and nuts.

Table 3 and Table 4 show the results of statistical analyses on anthropometric indicators related
to the—metabolic syndromes. Table 3 shows the bivariate statistical analysis using the Pearson
correlation test. The analysis results showed that all anthropometric indicators, namely WHtR, BMI,
SAD, waist circumference, hip circumference and WHR have a strong positive relationship with the
metabolic syndrome score (p<0.001), which means that the higher the anthropometric value, the
higher the metabolic syndrome score. In addition, the analysis on the relationship between
anthropometric indicators and each metabolic profile revealed that almost all of the independent
variables (WHtR, waist and hip circumference, WHR, BMI, and SAD) were associated with each
metabolic profile, such as baseline systolic pressure, diastolic blood pressure, triglyceride levels, blood
sugar levels, and HDL. Only WHR-that was not associated with diastolic blood pressure (p>0.005).

hable 4 shows the results of the analysis using multiple linear regression to determine
anthropometric indicators that are most associated with each metabolic profile and metabolic
syndrome score. The results showed that BMI was the anthropometric indicator that is most
associated with the metabolic profiles, such as systolic blood pressure (p<0.001), blood sugar
(p<0.05), and HDL (p <0.001). In addition, waist circumference was the anthropometric indicator that
is most associated with triglycerides and metabolic syndrome score (p<0.001). ]Based on the Adjusted

R?value on the metabolic syndrome score, we found that 37.5% of the metabolic syndrome score was
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related to anthropometric indicators, such as WHtR, waist and hip circumference, WHR, BMI, and
SAD. The rest may be influenced by other variables that are not included in this study.

IThe correlation test results indicated that all anthropometric indicators had a positive
relationship with the metabolic syndrome scores with p <0.001. Meanwhile, the regression analyses
show that BMI and WHR were inversely related to cMetS. This is in line with research who stated that
an increase in the WHR value could be associated with the risk of metabolic syndrome in children
and adolescents in Florida (Moore et al., 2015). Another study stated that there was a strong
relationship between overweight and obese adolescents with metabolic syndrome (Al-Bachir and
Bakir, 2017). Furthermore, a study on the adolescents in South Africa found that central obesity as

measured by the hip circumference could lead to an increased risk of cardiovascular Eiseases and ///[ Commented [A27]: revised

death. Therefore, hip circumference and waist circumference can be used to predict the risk of
cardiovascular diseases and death in the future (Cameron et al., 2012).

Body Mass Index (BMI) is the most widely used indicator of measurement in epidemiological
studies and is used as a substitute for evaluating body composition. However, BMI cannot distinguish
fat from fat mass and lean mass, and it fails to show the presence of adipose and body fat distribution
(Ofer et al., 2019; Leone et al., 2020). However, the BMI cut-offs for metabolic syndrome has not yet
been determined (Ofer et al., 2019). Obesity in adolescents is generally assessed using a BMI of 225.0
kg/m?2. In this study, we only divided the subjects into normal nutritional status (18.5-25 kg/m?) and
obesity (225.0 kg/m?), and we found that 35.6% of the subjects were obese. The finding is in line with
fthe research on the subject of students at Universitas Diponegoro aged 18-21 years. They found that

40% of their study population had obesity level | and 36.3% had obesity level Il (Rose et al., 2020), ///[ Commented [A28]: revised

Abdominal obesity is often assessed to determine a metabolic syndrome in people. One of the
indicators used to measure abdominal obesity is the Waist-to-Hip Ratio (WHR) which is calculated by
dividing the waist circumference and the hip circumference. Measurement of waist circumference is
more sensitive in assessing the distribution of body fat in the abdominal wall, which is also a

component [inl the-metabolic syndrome. The limit of the WHR value for female is > 0.85 (Rokhmah, et ///[ Commented [A29]: revised

al., 2015). This study shows that every 1% increase in the WHR value will increase the cMetS value
by 10.411. Hip circumference is also an indicator that has a strong correlation with cMetS, but many
studies have used it as a ratio along with waist circumference for assessing a person's central obesity
status.

4. Conclusion

Metabolic syndrome in female students can be identified using anthropometric measurements, one
of which is BMI and WHR which are very easy to measure and efficient. BMI and WHR have the
strongest relationship and can be used to detect early risk of metabolic syndrome in female college
students.
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Table 1. Minimum, Maximum, Average and Standard Deviation

Tables and Figures — 1 PAGE 1 TABLE/FIGURE. PLACE ALL TABLES AND FIGURES AT THE END OF THE
MANUSCRIPT BODY AFTER THE REFERENCES

Variabel Minimum Maximum Mean SD
Anthropometric Indicators

WHIR (ratio) 0.37 0.71 0.51 0.07
WHR (ratio) 0.67 0.96 0.80 0.06
BMI (kg/m?) 15.81 39.30 24.04 4.72
Sagital Abdominal Diameter (cm) 11.35 25.50 16.79 2.42
Hip Circumference (cm) 80.60 138.45 98.96 9.30
Waist Circumference (cm) 58.00 112.10 79.44 10.78
Metabolic Profiles

Blood Glucose Levels (mg/dL) 66.00 110.00 92.00 7.59
Trygliceride Levels (mg/dL) 29.00 309.00 88.35 44.68
Cholesterol HDL Levels (mg/dL) 36.00 109.00 61.73 26.43
Sistolic Blood Pressure (mmHg) 84.00 144.00 114.63 11.13
Diastolic Blood Pressure (mmHg) 55.00 178.00 82.40 55.52
cMetsS (Score of Metabolic Syndrome)  -7.10 11.93 0.01 2.90

//[ Commented [A36]: REVISED

129



427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444

Table 2. Anthropometric Overview and Components of Metabolic Syndrome

Characteristics n %
Anthropometric
Body Mass Index (BMI)

Underweight (< 18.5 kg/m?) 6 3.7

Normal (18.5 — 22.9 kg/m?) 71 436

Overweight (23-24.9 kg/m?) 28 17.2

Obese (225.0 kg/m?) 58 356
Waist Height Ratio (WHtR)

Normal (<0.50) 45 27.6

BtlRisk (20.50) 118 724 _—{ commented [A37]: revised
Waist Hip Ratio

Normal (<0.85) 127 779

Central Obesity (>0.85) 36 221
Sagital Abdominal Diameter (SAD)

Normal (£19.3 cm) 143 87.7

At lRi5|4 (>19.3 cm) 20 12.3 //[ Commented [A38]: revised
Wait Circumference

Normal (<80 cm) 73 4438

Obese (<80 cm) 90 55.2

Metabolic Profiles
Blood Glucose Levels

Normal (<110 mg/dL) 136 83.4
High (2110 mg/dL) 27 16.6
Triglycerides
Normal (<150 mg/dL) 149 914
High (2150 mg/dL) 14 86
Cholesterol HDL
Normal (2150 mg/dL) 135 82.8
‘LOWl (<150 mg/dL) 28 17.2 </[ Commented [A39]: revised
Sistolic Blood Pressure \\[ Commented [A40]: revised
Normal (<130 mg/dL) 136 83.4
High (2130 mg/dL) 27 16.6
Diastolic Blood Pressure
Normal (<85 mg/dL) 128 78.5
High (=85 mg/dL) 35 215
cMetS (Score of Metabolic Syndrome)
Normal (<2.21) 109 66.9
At Risk (>2.21) 54 331
lMetabOﬁC Type‘s //[ Commented [A41]: revised
Metabolic Unhealthy Normal Weight (MUNW) 17 104
Metabolic Healthy Normal Weight (MHNW) 88 54
Metabolic Unhealthy Obese Weight (MUOW) 38 233
Metabolic Healthy Obese Weight (MHOW) 20 123
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445 Table 3.The Relationship between Anthropometric Indicators and Metabolic Profiles (Blood Pressure,

446 Triglycerides, Blood Sugar, HDL and metabolic syndrome scores)
Variable Sistolic BP Distolic BP TG Blood Glucose HDL cMetS

r p r p r p r p r p r p

WHtR 0.358 <0.001 0.306 <0.001 0.289 <0.001 0.210 0.007 -0.266 0.001 0.599 <0.001
BMI 0.370 <0.001 0.313 <0.001 0.315 <0.001 0.221 0.005 -0.292 <0.001 0.600 <0.001
SAD 0.352 <0.001 0.284 <0.001 0.278 <0.001 0.191 0.015 -0.264 0.001 0.575 <0.001
WC 0.377 <0.001 0.284 <0.001 0.295 <0.001 0.212 0.005 -0.243 0.002 0.616 <0.001
HC 0.369 <0.001 0.332 <0.001 0.302 <0.001 0.179 0.002 -0.273 <0.001 0.581 <0.001
WHR 0.244 0.002 0.128 0.104 0.194 0.013 0.172 0.028 -0.149 0.048 0.415 <0.001
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Table 4. Anthropometric indicators most associated with metabolic components and metabolic

syndrome scores

Variable Sistolic BP

Constant usce pl° p2° YAdjusted R?
BMmI 91.759 0.951 <0.001 <0.001 0.158

Blood Glucose Levels

Constant usce pl° p2° Adjusted R?
BMI 83.454 0.355 0.005 <0.001 0.043

HDL

Constant usce pl® p2° Adjusted R?
BMI 81.429 -0.819 <0.001 <0.001 0.080

Triglycerides

Constant usce pl° p2° Adjusted R?
wc -6.614 1.195 <0.001 <0.001 0.078

Score of Metabolic Syndrome

Constant usce pl° p2° Adjusted R?
wc -13.163 0.166 <0.001 <0.001 0.375 |

2Unstandardized Coefficient, ® p-value, ¢ p F-Test (ANOVA), ¢ coefficient of determination| //[
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Abstract

Metabolic syndrome is not a disease, but is a set of several disorders and causes an increased risk of
cardiovascular disease and diabetes mellitus complications. Several studies have shown that non-
invasive approaches such as anthropometric measurements can be used for early detection of
metabolic syndrome. This study aims to analyze the anthropometric indicators related to metabolic
syndrome in female college students. This cross-sectional study with a total of 163 female college
students, aged between 19 and 24 years old. Purposive sampling was used in this study. The
independent variables in this study were the Waist-to-Height Ratio (WHtR), Waist-Hip Ratio (WHR),
Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and hip circumference. The dependent
variable in this study is the metabolic syndrome component that has been converted into a metabolic
syndrome score (cMetS). The analysis results showed that all anthropometric indicators, namely
WHtR, BMI, SAD, waist circumference, hip circumference and WHR have a strong positive
relationship with the metabolic syndrome score (p<0.001). BMI was the anthropometric indicator
that is most associated with the metabolic profiles, such as systolic blood pressure (p<0.001), blood
sugar (p<0.05), and HDL (p<0.001). Waist circumference was the anthropometric indicator that is
most associated with triglycerides and metabolic syndrome score (p<0.001). Metabolic syndrome in
female college students can be [identified] using anthropometric measurements, one of which is BMI

and WHR which are very easy to measure and efficient. BMI and WHR have the strongest relationship
and can be used to detect early risk of metabolic syndrome in female college students.

Keywords: Adolescent; Anthropometric Indicator; Female; Metabolic Profile; Metabolic Syndrome.
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1.

Introduction

Metabolic syndrome is a set of body metabolic disorders such as dyslipidemia, hyperglycemia,
hypertension, and central obesity (Srikanthan et al., 2016; Devi et al., 2017; Christijani, 2019).
Metabolic syndrome is not a disease, but is a set of several disorders and causes an increased risk of
cardiovascular disease and diabetes mellitus complications. Some epidemiological studies have
shown that metabolic syndrome doubles the risk of cardiovascular diseases (Sri Rahayu and Maulina,
2017).

Indonesia as a developing country cannot be separated from the existing nutritional problems in
the world, including the incidence of obesity and metabolic syndrome. Several studies found that the
prevalence of metabolic syndrome keeps increasing every year. A study in China showed the
prevalence of metabolic syndrome in adults was 24.2% (Li et al., 2018). Another study indicated that
the prevalence of metabolic syndrome in Indonesia was 21.66% (Herningtyas and Ng, 2019). In recent
studies metabolic syndrome can be assessed using the continuous value of metabolic syndrome
(cMets) or the metabolic syndrome score recommended by the American Diabetic Association of
Diabetes. The metabolic syndrome score is a z-score resulting from the assessment of all components
of the metabolic syndrome (Pratiwi, et al., 2017). The advantages of using cMetS are (1) reducing
dichotomization factors because cardiovascular disease is a progression of several components of
the metabolic syndrome, (2) cMetS is more sensitive and less error-prone than categoric metabolic
syndrome assessments, (3) increasing the statistical power (Okosun, Lyn, et al., 2010).

Central obesity is one of the components of metabolic syndrome parameters. Central obesity is
associated with increased blood pressure, serum triglycerides, decreased HDL, and glucose
intolerance. Based on the National Basic Health Research (Riskesdas) in 2018, the prevalence of
obesity in adults was 21.8%, and the prevalence of central obesity at age of more than 15 years
increased from 26.6% in 2013 to 31% in 2018 (Badan Penelitian dan Pengembangan Kesehatan,
2018). Obesity is closely related to degenerative diseases. Fhe-Riskesdas (2018) showed that the
prevalence of stroke, diabetes mellitus, heart disease, and hypertension is higher in women than
men.

Several studies have shown that non-invasive approaches such as anthropometric measurements
can be used for the early detection of metabolic syndrome (Pratiwi, et al., 2017). Anthropometric
measurements are described as the measurements of body dimensions and body composition to
assess nutritional status. The advantages of anthropometric measurements are relatively fast and
easy, as it can be performed using portable and calibrated instruments with standardized methods
(Rokhmah, et al., 2015). Some anthropometric measurements that can be used for early detection
of metabolic syndrome are Waist-to-Height Ratio (WHtR), waist-to-hip ratio (WHR), hip
circumference, Body Mass Index (BMI), Sagital Abdominal Diameter (SAD).

One of the anthropometric measurements which can be a parameter for central obesity is the
ratio of waist circumference to height (WHtR). The instruments used in the measurement are
microtoise and measuring tape so that it takes a longer time. Studies on waist circumference have
been shown to have a strong correlation with abdominal fat deposits (Zhou et al., 2014). The
distribution of abdominal adipose tissue (central obesity) in adults is associated with a component of
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the metabolic syndrome (Rodea-Montero, et al., 2014). A study on adult subjects has shown that
people who have the same waist circumference but are shorter in height have a greater risk of
developing metabolic syndrome than taller people (Zhou et al., 2014). Therefore, WHtR can be used
as a simple and effective anthropometric index to identify the metabolic risk associated with obesity
(Rodea-Montero, et al., 2014).

The Waist-To-Hip Ratio (WHR) is a measurement that may indicate central obesity (Karimah,
2018). The higher the WHR value, the higher the risk level for several metabolic diseases. The Waist-
To-Hip Ratio is calculated by dividing the measurement of the waist circumference by the
circumference of the hip. The cut-off points for WHR are >1.0 for men and >0.85 for women
(Rokhmah, et al., 2015). Individuals with a high waist and hip circumference will also have a higher
distribution of fat in their abdominal area. Irregular fats distribution in the abdominal area indirectly
causes higher triglyceride levels circulating in the blood, which will affect blood pressure
(Sumardiyono et al., 2018). WHR measurement is more sensitive in assessing the distribution of fat
in the body, especially in the abdomen. This measurement is three times better than BMI in reflecting
the presence of harmful fats in the abdomen. Measurement of waist circumference is performed by
determining the lower part of arcus costae and crista iliaca (Sri Rahayu and Maulina, 2017).

Body Mass Index (BMI) is a practical and easy measurement to perform, but it cannot distinguish
between fat mass, bone mass and muscle mass. BMI is calculated as body weight (kg) / height
squared (m?) (Okura et al., 2018). BMI can be used as the first measurement before any other
anthropometric measurements.

Sagittal Abdominal Diameter (SAD) or the height of the abdomen while the subjects are in a lying
position. This anthropometric measurement has not been widely used to measure fat tissue in the
abdominal area. SAD measurements using computed tomography or magnetic resonance imaging,
and are associated with components of metabolic syndrome. The measurements of SAD are taken
when the subject is lying down on the examination table with a naked upper body. SAD is related to
central obesity in individuals with obese and normal nutritional status. Furthermore, SAD is
associated with diabetes mellitus and a predictor of cardiovascular disease incidence, even when SAD
is measured in a standing position (Pajunen et al., 2013). Based on the above mentioned problems,
our study aims to analyze the anthropometric indicators related to metabolic syndrome in female
college students.

2. Materials and methods

2.1 Design, location, and time

A cross-sectional study design and this research wasc onducted from March to July 2020.
Anthropometric and biochemical data were collected at the Cito Laboratory, Banyumanik Semarang
with health protocols applied. This study was approved by the Medical/Health Research Bioethics
Commission, Faculty of Medicine, Sultan Agung Islamic University Semarang with Number No.296 /IX
/2020 /Bioethical Commission.

2.2 Samplings
This study was conducted during the SARS-CoV-2 outbreak, which later was named COVID-19 by
the WHO, so the registration for study participants was done online. Purposive sampling was used in
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this study and the total number of subjects required was 163. Samples are selected based on
inclusion criteria, such as willing to be research subjects, female college students in Semarang City,
aged 19-24 years in Semarang, not consuming alcohol, not smoking, willing to be a study participant
and willing to follow a series of study instructions. Exclusion criteria are subjects who withdraw and
those who are ill during the research study. Based on the exclusion criteria mentioned, no subjects
are included in the exclusion criteria. Subjects were asked to fill in personal data using a Google form;
and eligible subjects will be contacted by the researchers to plan a direct meeting.

The health protocol applied during the anthropometric and biochemical data collection process,
consist of the subject filled out a Covid sign/symptom screening questionnaire, the subject was
checked for temperature, washed his hands before entering the room, the distance between subjects
was at least 1 meter, the subject and researcher used a mask and face shield. Researchers used gloves
and protective clothing. During the study, hand sanitizers were provided, anthropometric tools that
were on the subject's skin were wiped with alcohol.

2.3 Data collected

The independent variables in this study were the Waist-to-Height Ratio (WHtR), Waist-Hip Ratio
(WHR), Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and hip circumference. Weight
and height data were obtained through direct measurements using a digital stamp scale GEA brand
with an accuracy of 0.1 [kg] and microtoise with an accuracy of 0.1 cm. Waist circumference and hip

circumference was measured using a measuring tape (Medline) to the nearest 1 mm and abdominal
height was measured using the Abawerk Schaffenburg abdominal caliper to the nearest 1 mm. SAD
measurements were performed with the subject in a supine position on a flat surface with both knees
forming an angle of 90° (Firouzi et al., 2018). Anthropometric data were collected by trained
enumerators.

The cut-off point used in this study refers to previous studies because it had been adjusted for the
Asian race (Rose et al., 2020). Each anthropometric measurement is stated as “at risk” if the
individuals have >0.50 for WHtR (Zhang et al., 2016), > 0.85 for WHR (Rokhmah, et al., 2015), > 19.3
cm for Sagital Abdominal Diameter (SAD) (Dieny et al., 2020), and have the normal to overweight
BMI (18.5 - 25 kg/m?) or obese BMI (225.0 kg/m?) (Susetyowati, 2016]).

The dependent variable in this study is the metabolic syndrome component that has been
converted into a metabolic syndrome score (cMetS) with the cut-off point on cMetS> 2.21 (Rose et
al., 2020). The guidelines for metabolic syndrome in this study are taken from the National
Cholesterol Education Program-Adult Treatment Panel (NCEP-ATP IlI) 2005 which has been
frequently used in Indonesia. There are 5 parameters to assess metabolic syndrome: (1) fasting blood
glucose levels 2110 mg/dL, (2) triglyceride levels 2150 mg/dL (3) HDL cholesterol levels <50 mg/dL,
(4) central obesity in women with waist circumference 280 ¢cm, and (5) systolic and diastolic blood
pressures 2130 mmHg and 285 mmHg, respectively (Soewondo et al., 2010). The calculation of the
metabolic syndrome score (cMetS) was done in the following steps: (1) after measuring all
parameters of the metabolic syndrome, standardisation was carried out to obtain a Z-score; (2) the
blood pressure must be converted into Mean Arterial Blood (MAP) by dividing the difference
between systolic and diastolic blood pressure by three and summed with the diastolic blood
pressure; (3) the HDL cholesterol standardization results were multiplied by (-1) because the
parameter was inversely related to the risk of metabolic syndrome; (4) All Z-scores were added to
obtain the cMetS values; (5) The final step was to compare the cMetS values with the cut-off point
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of 22,21 (Eisenmann et al., 2010; Okosun, Boltri, et al., 2010; Rose et al., 2020). The subjects were
instructed to do fasting for at least 8 hours; only drinking water was permitted.

Other than the cMetS score, metabolic syndrome risk can also be assessed from the classification
of metabolic types. This classification combines the internal and external signs of the body such as
biochemical parameters, the ratio of subcutaneous fat to abdominal fat, and blood pressure (Prybyla
0, 2020). The main phenotypes that reflect the possible combination of metabolic profile and the
degree of obesity are metabolic healthy obese weight, metabolic healthy normal weight, metabolic
unhealthy normal weight, and metabolic unhealthy normal weight.

2.4 Data analysis

All data were analyzed using computer programs and statistical analyses were performed using
SPSS Statistical software version 22. Univariate analysis was used to describe subjects characteristic.
The distribution of data for normality was assessed using the Kolmogorov Smirnov test before
statistical. The relationship of anthropometric indicators with metabolic profile (Blood Pressure,
Triglycerides, Blood Sugar, HDL and metabolic syndrome scores) were determined using the Person
correlation test. Furthermore, Anthropometric indicators that are most related to the metabolic
component and metabolic syndrome score were analyzed using the Multiple Linear Regression test.

Results and Discussion

The subject characteristics measured in female student aged 19-24 years include age,
anthropometric indicators, and metabolic syndromes. Table 1 shows the characteristics of the study
subjects. The mean of WHtR value in this study was 0.51. Meanwhile, the mean of WHR was 0.80; the
mean of BMI was 24.04 kg/m?; the mean of SAD was 16.79 cm; and the mean of waist circumference
was 79.44 cm.

Table 2 shows various nutritional status of the subjects based on BMI. We found that 43.6% of the
subjects had normal BMI, 17.2% were overweight and 35.6% were obese. Based on the WHtR
anthropometric indicator, 72.4% of subjects were at risk of having obesity; based on WHR, 22.1% had
central obesity; based on BMI, 35.6% were obese; based on SAD 12.3% of the subjects were at risk;
and based on waist circumference 55.2% had central obesity. According to the metabolic profile that
was assessed, 16.6% had high Fasting Blood Glucose levels, 8.6% had hypertriglycerides, 17.2% had
low HDL, 16.6% had high systolic blood pressure, and 21.5% had high diastolic blood pressure. In
addition, we found 33.1% of the subjects had high metabolic syndrome (cMetS) scores. This
proportion was similar to the assessment based on the metabolic type of unhealthy subjects (subjects
who had 2 3 risk factors of the metabolic profile), which was 33.7%. Moreover, two subjects had five
risk factors: abdominal obesity, hypertension, hyperglycemia, hypertriglycerides, and low HDL.

The objective of this study was to determine the anthropometric indicators associated with
metabolic syndromes in female students. The study included 163 female students aged 19-24 years.
The students are in their late adolescents who begin to have an independent life. Inappropriate and
unhealthy eating behavior will have an impact on the student’s nutritional status. Excessive nutritional
status and obesity will affect student’s body metabolism. Based on the study results, 33.1% of the
subjects had a high metabolic syndrome (cMetS) score. In line with the previous study conducted in
2019 on 18-to-21-year-old students at Universitas Diponegoro, 20% of the subjects had high cMetS
(Rose et al., 2020). Meanwhile, a study conducted by Pratiwi et al in 2017 using secondary data from
the National Basic Health Research 2013 found that 19.98% of adolescents aged 15-24 years had high
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cMetS (Pratiwi, et al., 2017). Therefore, we conclude that there is a trend of Metabolic Syndrome
Score (cMetS) among young women in Semarang.

The assessment of metabolic syndrome using a continuous type (scoring) rather than using a
dichotomy or binary (“yes” and “no”) is recommended (Christijani, 2019). An adolescent can be
diagnosed with metabolic syndrome if their Metabolic Syndrome Score (cMetS) >2.21 (Pratiwi, et al.,
2017). Anthropometric indicators used in this study are Waist and Height Ratio (WHtR), Waist-to-Hip
Ratio (WHR), Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and Waist Circumference.
Based on the correlation analyses, all anthropometric indicators have a significant positive
relationship with the Metabolic Syndrome Score (cMetS). Furthermore, the multivariate analyses
show that the anthropometric indicators of BMI and WHR are strongly associated with cMetS.

If we are considering metabolic type based on nutritional status (subjects with non-obese BMI
(<25kg/m?) with metabolic healthy and metabolic unhealthy and subjects with obese BMI (> 25kg/m?)
with metabolic healthy and metabolic unhealthy), subjects are categorized as metabolic unhealthy
(experiencing metabolic syndrome) if they fulfil > 3 risk factors including high waist circumference,
blood pressure, GBP-Fasting blood glucose and triglyceride levels, and low HDL levels. Based on these
criteria, we found that 10.4% of the subjects had metabolic unhealthy normal weight (MUNW) and
23.3% of the subjects had metabolic unhealthy obesity weight (MUOW). In non-obese subjects, 54%
of them were metabolic healthy. Our study also shows that 10.4% of the subjects were classified as
metabolic unhealthy normal weight (MUNW). The subjects’ BMI in this category is in the normal range
but has a high percentage of body fat that makes them at high risk of developing metabolic disorders
(Eckel et al., 2015; Suliga et al., 2015). Several recent cohort studies have shown a greater risk of type
Il diabetes mellitus in individuals with MUNW compared to individuals with MHNW (Arnlév et al.,
2011; Hadaegh et al., 2011; Aung et al., 2014; Jung et al., 2014; Hinnouho et al., 2015). Other studies
have shown that women with the MUNW type have a long-term impact of an increased risk of
cardiovascular diseases such as higher blood pressure, triglyceride and glucose levels as well as lower
levels of adiponectin, HDL, and LDL compared to women with the MHNW type (Kim et al., 2013).

In this study, 23.3% of the subjects belonged to the Metabolic Unhealthy Obese Weight (MUOW)
type. Subjects with this metabolic type have an obese BMI and have a high risk of developing
metabolic disorders. A study conducted in Japan on 29,564 subjects showed that individuals with
MUOW had a greater risk of developing type Il diabetes mellitus compared to individuals with MHOW
(Heianza et al., 2015).

[We also found that 12.3% of the subjects were categorized as metabolic healthy obese weight
(MHOW). Individuals in this metabolic type have an obese BMI but do not show any metabolic risks.
Given the impact of obesity in relation to the risk of metabolic diseases, various studies have been
conducted to examine the long-term effects of MHOW. Individuals with MHOW had a different fat
distribution pattern (less ectopic and visceral fat), and lower inflammatory markers (Samocha-Bonet
et al., 2014). Other studies also have shown that women with MHOW had lower blood pressure,
triglyceride levels, and glucose levels, but higher levels of HDL, adiponectin, and LDL compared to
women with MUNW (Kim et al., 2013). This condition was associated with good diet quality in
individuals with MHOW. Based on National Health and Nutrition Examination Surveys (NHANES)
data, Cambhi et al. (2015) examined the quality of diet in obese subjects, and found that adolescents
and adult women with the MHOW metabolic type had higher diet quality scores due to high intake
of fruit, whole grains, meat, and nuts.]
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|Tab|e 3 and Table 4 show the results of statistical analyses on anthropometric indicators related
to the—metabolic syndromes. Table 3 shows the bivariate statistical analysis using the Pearson
correlation test. The analysis results showed that all anthropometric indicators, namely WHtR, BMI,
SAD, waist circumference, hip circumference and WHR have a strong positive relationship with the
metabolic syndrome score (p<0.001), which means that the higher the anthropometric value, the
higher the metabolic syndrome score. In addition, the analysis on the relationship between
anthropometric indicators and each metabolic profile revealed that almost all of the independent
variables (WHtR, waist and hip circumference, WHR, BMI, and SAD) were associated with each
metabolic profile, such as baseline systolic pressure, diastolic blood pressure, triglyceride levels, blood
sugar levels, and HDL. Only WHR-that was not associated with diastolic blood pressure (p>0.005).

Table 4 shows the results of the analysis using multiple linear regression to determine
anthropometric indicators that are most associated with each metabolic profile and metabolic
syndrome score. The results showed that BMI was the anthropometric indicator that is most
associated with the metabolic profiles, such as systolic blood pressure (p<0.001), blood sugar
(p<0.05), and HDL (p <0.001). In addition, waist circumference was the anthropometric indicator that
is most associated with triglycerides and metabolic syndrome score (p<0.001). Based on the Adjusted
R?value on the metabolic syndrome score, we found that 37.5% of the metabolic syndrome score was
related to anthropometric indicators, such as WHtR, waist and hip circumference, WHR, BMI, and

SAD. The rest may be influenced by other variables that are not included in this study. //[ Commented [A8]: revised

The correlation test results indicated that all anthropometric indicators had a positive
relationship with the metabolic syndrome scores with p <0.001. Meanwhile, the regression analyses
show that BMI and WHR were inversely related to cMetS. This is in line with research who stated that
an increase in the WHR value could be associated with the risk of metabolic syndrome in children
and adolescents in Florida (Moore et al., 2015). Another study stated that there was a strong
relationship between overweight and obese adolescents with metabolic syndrome (Al-Bachir and
Bakir, 2017). Furthermore, a study on the adolescents in South Africa found that central obesity as
measured by the hip circumference could lead to an increased risk of cardiovascular diseases and
death. Therefore, hip circumference and waist circumference can be used to predict the risk of
cardiovascular diseases and death in the future (Cameron et al., 2012).

Body Mass Index (BMI) is the most widely used indicator of measurement in epidemiological
studies and is used as a substitute for evaluating body composition. However, BMI cannot distinguish
fat from fat mass and lean mass, and it fails to show the presence of adipose and body fat distribution
(Ofer et al., 2019; Leone et al., 2020). However, the BMI cut-offs for metabolic syndrome has not yet
been determined (Ofer et al., 2019). Obesity in adolescents is generally assessed using a BMI of >225.0
kg/m?2. In this study, we only divided the subjects into normal nutritional status (18.5-25 kg/m?) and
obesity (225.0 kg/m?), and we found that 35.6% of the subjects were obese. The finding is in line with
the research on the subject of students at Universitas Diponegoro aged 18-21 years. They found that
40% of their study population had obesity level | and 36.3% had obesity level Il (Rose et al., 2020).

Abdominal obesity is often assessed to determine a metabolic syndrome in people. One of the
indicators used to measure abdominal obesity is the Waist-to-Hip Ratio (WHR) which is calculated by
dividing the waist circumference and the hip circumference. Measurement of waist circumference is
more sensitive in assessing the distribution of body fat in the abdominal wall, which is also a
component in the-metabolic syndrome. The limit of the WHR value for female is > 0.85 (Rokhmah, et
al., 2015). This study shows that every 1% increase in the WHR value will increase the cMetS value
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by 10.411. Hip circumference is also an indicator that has a strong correlation with cMetS, but many
studies have used it as a ratio along with waist circumference for assessing a person's central obesity
status.

4. Conclusion
Metabolic syndrome in female students can be identified using anthropometric measurements, one
of which is BMI and WHR which are very easy to measure and efficient. BMI and WHR have the
strongest relationship and can be used to detect early risk of metabolic syndrome in female college
students.
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Table 1. Minimum, Maximum, Average and Standard Deviation

Tables and Figures — 1 PAGE 1 TABLE/FIGURE. PLACE ALL TABLES AND FIGURES AT THE END OF THE
MANUSCRIPT BODY AFTER THE REFERENCES

Variabel Minimum Maximum Mean SD
Anthropometric Indicators

WHIR (ratio) 0.37 0.71 0.51 0.07
WHR (ratio) 0.67 0.96 0.80 0.06
BMI (kg/m?) 15.81 39.30 24.04 4.72
Sagital Abdominal Diameter (cm) 11.35 25.50 16.79 2.42
Hip Circumference (cm) 80.60 138.45 98.96 9.30
Waist Circumference (cm) 58.00 112.10 79.44 10.78
Metabolic Profiles

Blood Glucose Levels (mg/dL) 66.00 110.00 92.00 7.59
Trygliceride Levels (mg/dL) 29.00 309.00 88.35 44.68
Cholesterol HDL Levels (mg/dL) 36.00 109.00 61.73 26.43
Sistolic Blood Pressure (mmHg) 84.00 144.00 114.63 11.13
Diastolic Blood Pressure (mmHg) 55.00 178.00 82.40 55.52
cMetsS (Score of Metabolic Syndrome)  -7.10 11.93 0.01 2.90
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Table 2. Anthropometric Overview and Components of Metabolic Syndrome

Characteristics

n

%

Anthropometric
Body Mass Index (BMI)

Triglycerides

Underweight (< 18.5 kg/m?) 6 3.7
Normal (18.5 — 22.9 kg/m?) 71 436
Overweight (23-24.9 kg/m?) 28 17.2
Obese (225.0 kg/m?) 58 356
Waist Height Ratio (WHtR)
Normal (<0.50) 45 27.6
At Risk (20.50) 118 72.4
Waist Hip Ratio
Normal (<0.85) 127 779
Central Obesity (>0.85) 36 221
Sagital Abdominal Diameter (SAD)
Normal (£19.3 cm) 143 87.7
At Risk (>19.3 cm) 20 123
Wait Circumference
Normal (<80 cm) 73 4438
Obese (<80 cm) 90 55.2
Metabolic Profiles
Blood Glucose Levels
Normal (<110 mg/dL) 136 83.4
High (2110 mg/dL) 27 16.6
Normal (<150 mg/dL) 149 914
High (2150 mg/dL) 14 86
Cholesterol HDL
Normal (2150 mg/dL) 135 82.8
Low| (<150 mg/dL) 28 172
Sistolic Blood Pressure
Normal (<130 mg/dL) 136 83.4
High (2130 mg/dL) 27 16.6
Diastolic Blood Pressure
Normal (<85 mg/dL) 128 78.5
High (=85 mg/dL) 35 215
cMetS (Score of Metabolic Syndrome)
Normal (<2.21) 109 66.9
At Risk (22.21) 54 331
[Metabolic Types]
Metabolic Unhealthy Normal Weight (MUNW) 17 104
Metabolic Healthy Normal Weight (MHNW) 88 54
Metabolic Unhealthy Obese Weight (MUOW) 38 233
Metabolic Healthy Obese Weight (MHOW) 20 123
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463 Table 3.The Relationship between Anthropometric Indicators and Metabolic Profiles (Blood Pressure,

464 Triglycerides, Blood Sugar, HDL and metabolic syndrome scores)
Variable Sistolic BP Distolic BP TG Blood Glucose HDL cMetS

r p r p r p r p r p r p

WHtR 0.358 <0.001 0.306 <0.001 0.289 <0.001 0.210 0.007 -0.266 0.001 0.599 <0.001
BMI 0.370 <0.001 0.313 <0.001 0.315 <0.001 0.221 0.005 -0.292 <0.001 0.600 <0.001
SAD 0.352 <0.001 0.284 <0.001 0.278 <0.001 0.191 0.015 -0.264 0.001 0.575 <0.001
WC 0.377 <0.001 0.284 <0.001 0.295 <0.001 0.212 0.005 -0.243 0.002 0.616 <0.001
HC 0.369 <0.001 0.332 <0.001 0.302 <0.001 0.179 0.002 -0.273 <0.001 0.581 <0.001
WHR 0.244 0.002 0.128 0.104 0.194 0.013 0.172 0.028 -0.149 0.048 0.415 <0.001
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Table 4. Anthropometric indicators most associated with metabolic components and metabolic
syndrome scores

Variable Sistolic BP

‘Constanﬁ usc p1° p2° “Adjusted R? //[ Commented [A26]: revised
BMmI 91.759 0.951 <0.001 <0.001 0.158

Blood Glucose Levels

Constant usce p1° p2° Adjusted R?
BMI 83.454 0.355 0.005 <0.001 0.043

HDL

Constant usce p1® p2° Adjusted R?
BMI 81.429 -0.819 <0.001 <0.001 0.080

Triglycerides

Constant usce p1° p2° Adjusted R?
wc -6.614 1.195 <0.001 <0.001 0.078

Score of Metabolic Syndrome

Constant usce p1° p2° Adjusted R?
wc -13.163 0.166 <0.001 <0.001 0.375

2Unstandardized Coefficient, ® p-value, ¢ p F-Test (ANOVA), ® coefficient of hetermination //[ Commented [A27]: revised
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Abstract

Metabolic syndrome is not a disease but is a set of several disorders and causes an increased risk of
cardiovascular disease and diabetes mellitus complications. Several studies have shown that non-invasive
approaches such as anthropometric measurements can be used for the early detection of metabolic
syndrome. This study aimed to analyse the anthropometric indicators related to metabolic syndrome in

female college students. This cross-sectional study with a total of 163 female college students, aged
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between 19 and 24 years old. Purposive sampling was used in this study. The independent variables in
this study were the Waist-to-Height Ratio (WHtR), Waist-Hip Ratio (WHR), Body Mass Index (BMI), Sagittal
Abdominal Diameter (SAD), and hip circumference. The dependent variable in this study is the metabolic
syndrome component that has been converted into a metabolic syndrome score (cMetS). The analysis
results showed that all anthropometric indicators, namely WHtR, BMI, SAD, waist circumference, hip
circumference and WHR have a strong positive relationship with the metabolic syndrome score (p<0.001).
BMI was the anthropometric indicator that is most associated with the metabolic profiles, such as systolic
blood pressure (p<0.001), blood sugar (p<0.05), and HDL (p<0.001). Waist circumference was the
anthropometric indicator that is most associated with triglycerides and metabolic syndrome score
(p<0.001). Metabolic syndrome in female college students can be identified using anthropometric
measurements, one of which is BMI and WHR which are very easy to measure and efficient. BMI and WHR
have the strongest relationship and can be used to detect early risk of metabolic syndrome in female

college students.

Keywords: Adolescent, Anthropometric indicator, Female, Metabolic profile, Metabolic syndrome

1. Introduction

Metabolic syndrome is a set of body metabolic disorders such as dyslipidemia, hyperglycemia,
hypertension, and central obesity (Srikanthan et al., 2016; Devi et al., 2017; Christijani, 2019).
Metabolic syndrome is not a disease, but is a set of several disorders that causes an increased risk of
cardiovascular disease and diabetes mellitus complications. Some epidemiological studies have
shown that metabolic syndrome doubles the risk of cardiovascular diseases (Sri Rahayu and Maulina,

2017).

Indonesia as a developing country cannot be separated from the existing nutritional problems in
the world, including the incidence of obesity and metabolic syndrome. Several studies found that the
prevalence of metabolic syndrome keeps increasing every year. A study in China showed the
prevalence of metabolic syndrome in adults was 24.2% (Li et al., 2018). Another study indicated that
the prevalence of metabolic syndrome in Indonesia was 21.66% (Herningtyas and Ng, 2019). In recent
studies, metabolic syndrome can be assessed using the continuous value of metabolic syndrome
(cMets) or the metabolic syndrome score recommended by the American Diabetic Association of

Diabetes. The metabolic syndrome score is a z-score resulting from the assessment of all components
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of the metabolic syndrome (Pratiwi, et al., 2017). The advantages of using cMetS are (1) reducing
dichotomization factors because cardiovascular disease is a progression of several components of
the metabolic syndrome, (2) cMetS is more sensitive and less error-prone than categoric metabolic

syndrome assessments, (3) increasing the statistical power (Okosun et al., 2010b).

Central obesity is one of the components of metabolic syndrome parameters. Central obesity is
associated with increased blood pressure, serum triglycerides, decreased HDL, and glucose
intolerance. Based on the National Basic Health Research (Riskesdas) in 2018, the prevalence of
obesity in adults was 21.8%, and the prevalence of central obesity at age of more than 15 years
increased from 26.6% in 2013 to 31% in 2018 (Badan Penelitian dan Pengembangan Kesehatan,
2018). Obesity is closely related to degenerative diseases. Riskesdas (2018) showed that the
prevalence of stroke, diabetes mellitus, heart disease, and hypertension is higher in women than

men.

Several studies have shown that non-invasive approaches such as anthropometric measurements
can be used for the early detection of metabolic syndrome (Pratiwi, et al., 2017). Anthropometric
measurements are described as the measurements of body dimensions and body composition to
assess nutritional status. The advantages of anthropometric measurements are relatively fast and
easy, as they can be performed using portable and calibrated instruments with standardized methods
(Rokhmah, et al., 2015). Some anthropometric measurements that can be used for early detection
of metabolic syndrome are Waist-to-Height Ratio (WHtR), waist-to-hip ratio (WHR), hip

circumference, Body Mass Index (BMI), Sagital Abdominal Diameter (SAD).

One of the anthropometric measurements which can be a parameter for central obesity is the
ratio of waist circumference to height (WHtR). The instruments used in the measurement are
microtoise and measuring tape, which take a longer time. Studies on waist circumference have been
shown to have a strong correlation with abdominal fat deposits (Zhou et al., 2014). The distribution
of abdominal adipose tissue (central obesity) in adults is associated with a component of the
metabolic syndrome (Rodea-Montero, et al., 2014). A study on adult subjects has shown that people
who have the same waist circumference but are shorter in height have a greater risk of developing
metabolic syndrome than taller people (Zhou et al., 2014). Therefore, WHtR can be used as a simple
and effective anthropometric index to identify the metabolic risk associated with obesity (Rodea-

Montero, et al., 2014).
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The Waist-To-Hip Ratio (WHR) is a measurement that may indicate central obesity (Karimah,
2018). The higher the WHR value, the higher the risk level for several metabolic diseases. The Waist-
To-Hip Ratio is calculated by dividing the measurement of the waist circumference by the
circumference of the hip. The cut-off points for WHR are 21.0 for men and >0.85 for women
(Rokhmah et al., 2015). Individuals with a high waist and hip circumference will also have a higher
distribution of fat in their abdominal area. Irregular fats distribution in the abdominal area indirectly
causes higher triglyceride levels circulating in the blood, which will affect blood pressure
(Sumardiyono et al., 2018). WHR measurement is more sensitive in assessing the distribution of fat
in the body, especially in the abdomen. This measurement is three times better than BMl in reflecting
the presence of harmful fats in the abdomen. Measurement of waist circumference is performed by

determining the lower part of arcus costae and crista iliaca (Sri Rahayu and Maulina, 2017).

Body Mass Index (BMI) is a practical and easy measurement to perform, but it cannot distinguish
between fat mass, bone mass and muscle mass. BMI is calculated as body weight (kg) / height
squared (m?) (Okura et al., 2018). BMI can be used as the first measurement before any other

anthropometric measurements.

Sagittal Abdominal Diameter (SAD) or the height of the abdomen while the subjects are in a lying
position. This anthropometric measurement has not been widely used to measure fat tissue in the
abdominal area. SAD measurements using computed tomography or magnetic resonance imaging,
and are associated with components of metabolic syndrome. The measurements of SAD are taken
when the subject is lying down on the examination table with a naked upper body. SAD is related to
central obesity in individuals with obesity and normal nutritional status. Furthermore, SAD is
associated with diabetes mellitus and a predictor of cardiovascular disease incidence, even when SAD
is measured in a standing position (Pajunen et al., 2013). Based on the above-mentioned problems,
our study aimed to analyze the anthropometric indicators related to metabolic syndrome in female

college students.

2. Materials and methods
2.1 Design, location, and time
A cross-sectional study design and this research was conducted from March to July 2020.

Anthropometric and biochemical data were collected at the Cito Laboratory, Banyumanik Semarang
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with health protocols applied. This study was approved by the Medical/Health Research Bioethics
Commission, Faculty of Medicine, Sultan Agung Islamic University Semarang with Number No.296 /IX

/2020 /Bioethical Commission.

2.2 Samplings

This study was conducted during the SARS-CoV-2 outbreak, which later was named COVID-19 by
the WHO, hence the registration for study participants was done online. Purposive sampling was used
in this study and the total number of subjects required was 163. Samples are selected based on
inclusion criteria, such as voluntary to be research subjects, female college students in Semarang City,
aged 19-24 years in Semarang, not consuming alcohol, not smoking, and voluntary to follow a series
of study instructions. Exclusion criteria are subjects who withdraw and those who are ill during the
research study. Based on the exclusion criteria mentioned, no subjects are included in the exclusion
criteria. Subjects were asked to fill in personal data using a Google Form, and eligible subjects will be
contacted by the researchers to plan a direct meeting.

The health protocol applied during the anthropometric and biochemical data collection process,
consisted of the subject filling out a COVID-19 sign/symptom screening questionnaire, the subject
was checked for temperature, the subject washed hands before entering the room, the distance
between subjects was at least 1 meter, the subject and researcher used a mask and face shield.
Researchers used gloves and protective clothing. During the study, hand sanitisers were provided,

and anthropometric tools that were on the subject's skin were wiped with alcohol.

2.3 Data collected
The independent variables in this study were the Waist-to-Height Ratio (WHtR), Waist-Hip Ratio
(WHR), Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and hip circumference. Weight
and height data were obtained through direct measurements using a digital stamp scale GEA brand
with an accuracy of 0.1 kg and microtoise with an accuracy of 0.1 cm. Waist circumference and hip
circumference were measured using a measuring tape (Medline) to the nearest 1 mm and abdominal
height was measured using the Abawerk Schaffenburg abdominal calliper to the nearest 1 mm. SAD
measurements were performed with the subject in a supine position on a flat surface with both knees
forming an angle of 90° (Firouzi et al, 2018). Anthropometric data were collected by trained

enumerators.
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The cut-off point used in this study refers to previous studies because it had been adjusted for the
Asian race (Rose et al., 2020). Each anthropometric measurement is stated as “at-risk” if the
individuals have >0.50 for WHtR (Zhang et al., 2016), > 0.85 for WHR (Rokhmah et al., 2015), > 19.3
cm for Sagital Abdominal Diameter (SAD) (Dieny et al., 2020), and have the normal to overweight
BMI (18.5 - 25 kg/m?) or obese BMI (225.0 kg/m?) (Susetyowati, 2016).

The dependent variable in this study is the metabolic syndrome component that has been
converted into a metabolic syndrome score (cMetS) with the cut-off point of cMetS> 2.21 (Rose et
al., 2020). The guidelines for metabolic syndrome in this study are taken from the National
Cholesterol Education Program-Adult Treatment Panel (NCEP-ATP IlI) 2005 which has been
frequently used in Indonesia. There are 5 parameters to assess metabolic syndrome: (1) fasting blood
glucose levels 2110 mg/dL, (2) triglyceride levels 2150 mg/dL (3) HDL cholesterol levels <50 mg/dL,
(4) central obesity in women with waist circumference 280 cm, and (5) systolic and diastolic blood
pressures 2130 mmHg and 285 mmHg, respectively (Soewondo et al., 2010). The calculation of the
metabolic syndrome score (cMetS) was done in the following steps: (1) after measuring all
parameters of the metabolic syndrome, standardisation was carried out to obtain a Z-score; (2) the
blood pressure must be converted into Mean Arterial Blood (MAP) by dividing the difference
between systolic and diastolic blood pressure by three and summed with the diastolic blood
pressure; (3) the HDL cholesterol standardization results were multiplied by (-1) because the
parameter was inversely related to the risk of metabolic syndrome; (4) All Z-scores were added to
obtain the cMetS values; (5) The final step was to compare the cMetS values with the cut-off point
of 22,21 (Eisenmann et al., 2010; Okosun et al., 2010a; Rose et al., 2020). The subjects were
instructed to do fasting for at least 8 hrs, only drinking water was permitted.

Other than the cMetS score, metabolic syndrome risk can also be assessed from the classification
of metabolic types. This classification combines the internal and external signs of the body such as
biochemical parameters, the ratio of subcutaneous fat to abdominal fat, and blood pressure (Prybyla
0, 2020). The main phenotypes that reflect the possible combination of metabolic profile and the
degree of obesity are metabolic healthy obese weight, metabolic healthy normal weight, metabolic

unhealthy normal weight, and metabolic unhealthy normal weight.

2.4 Data analysis
All data were analyzed using computer programs and statistical analyses were performed using

SPSS statistical software version 22. Univariate analysis was used to describe subjects characteristics.
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The distribution of data for normality was assessed using the Kolmogorov Smirnov test before
statistics. The relationship of anthropometric indicators with metabolic profile (Blood Pressure,
Triglycerides, Blood Sugar, HDL and metabolic syndrome scores) was determined using the Person
correlation test. Furthermore, Anthropometric indicators that are most related to the metabolic

component and metabolic syndrome score were analyzed using the Multiple Linear Regression test.

Results and discussion

The subject characteristics measured in female students aged 19-24 vyears include age,
anthropometric indicators, and metabolic syndromes. Table 1 shows the characteristics of the study
subjects. The mean WHtR value in this study was 0.51. Meanwhile, the mean WHR was 0.80; the mean
BMI was 24.04 kg/m?; the mean SAD was 16.79 cm, and the mean waist circumference was 79.44 cm.

Table 2 shows the various nutritional status of the subjects based on BMI. It was found that 43.6%
of the subjects had normal BMI, 17.2% were overweight and 35.6% were obese. Based on the WHtR
anthropometric indicator, 72.4% of subjects were at risk of having obesity, based on WHR, 22.1% had
central obesity, based on BMI, 35.6% were obese, based on SAD 12.3% of the subjects were at risk,
and based on waist circumference 55.2% had central obesity. According to the metabolic profile that
was assessed, 16.6% had high Fasting Blood Glucose levels, 8.6% had hypertriglycerides, 17.2% had
low HDL, and 16.6% had high systolic blood pressure, and 21.5% had high diastolic blood pressure. In
addition, we found that 33.1% of the subjects had high metabolic syndrome (cMetS) scores. This
proportion was similar to the assessment based on the metabolic type of unhealthy subjects (subjects
who had 2 3 risk factors of the metabolic profile), which was 33.7%. Moreover, two subjects had five
risk factors: abdominal obesity, hypertension, hyperglycemia, hypertriglycerides, and low HDL.

The objective of this study was to determine the anthropometric indicators associated with
metabolic syndromes in female students. The study included 163 female students aged 19-24 years.
The students are in their late adolescents who begin to have an independent life. Inappropriate and
unhealthy eating behaviour will have an impact on the student’s nutritional status. Excessive
nutritional status and obesity will affect student’s body metabolism. Based on the study results, 33.1%
of the subjects had a high metabolic syndrome (cMetS) score. In line with the previous study
conducted in 2019 on 18-to-21-year-old students at Universitas Diponegoro, 20% of the subjects had
high cMetS (Rose et al., 2020). Meanwhile, a study conducted by Pratiwi et al in 2017 using secondary
data from the National Basic Health Research 2013 found that 19.98% of adolescents aged 15-24 years

Commented [VN2]: Please rephrase the sentence. The

sentence is confusing.

159



had high cMetS (Pratiwi, et al., 2017). To conclude, there is a trend of Metabolic Syndrome Score
(cMetS) among young women in Semarang.

The assessment of metabolic syndrome using a continuous type (scoring) rather than using a
dichotomy or binary (“yes” and “no”) is recommended (Christijani, 2019). An adolescent can be
diagnosed with metabolic syndrome if their Metabolic Syndrome Score (cMetS) >2.21 (Pratiwi, et al.,
2017). Anthropometric indicators used in this study are Waist and Height Ratio (WHtR), Waist-to-Hip
Ratio (WHR), Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and Waist Circumference.
Based on the correlation analyses, all anthropometric indicators have a significant positive
relationship with the Metabolic Syndrome Score (cMetS). Furthermore, the multivariate analyses
show that the anthropometric indicators of BMI and WHR are strongly associated with cMetS.

If the metabolic type is considered based on nutritional status (subjects with non-obese BMI
(<25kg/m?) with metabolic healthy and metabolic unhealthy and subjects with obese BMI (> 25kg/m?)
with metabolic healthy and metabolic unhealthy), subjects are categorized as metabolic unhealthy
(experiencing metabolic syndrome) if they fulfil > 3 risk factors including high waist circumference,
blood pressure, fasting blood glucose and triglyceride levels, and low HDL levels. Based on these
criteria, it was found that 10.4% of the subjects had a metabolic unhealthy normal weight (MUNW)
and 23.3% of the subjects had metabolic unhealthy obesity weight (MUOW). Of non-obese subjects,
54% of them were metabolic healthy. Our study also shows that 10.4% of the subjects were classified
as metabolic unhealthy normal weight (MUNW). The subjects’ BMI in this category is in the normal
range but has a high percentage of body fat that makes them at high risk of developing metabolic
disorders (Eckel et al., 2015; Suliga et al., 2015). Several recent cohort studies have shown a greater
risk of type Il diabetes mellitus in individuals with MUNW compared to individuals with MHNW (Arnlév
et al., 2011; Hadaegh et al., 2011; Aung et al., 2014; Jung et al., 2014; Hinnouho et al., 2015). Other
studies have shown that women with the MUNW type have a long-term impact of an increased risk
of cardiovascular diseases such as higher blood pressure, triglyceride and glucose levels as well as
lower levels of adiponectin, HDL, and LDL compared to women with the MHNW type (Kim et al., 2013).

In this study, 23.3% of the subjects belonged to the Metabolic Unhealthy Obese Weight (MUOW)
type. Subjects with this metabolic type have an obese BMI and have a high risk of developing
metabolic disorders. A study conducted in Japan on 29,564 subjects showed that individuals with
MUOW had a greater risk of developing type Il diabetes mellitus compared to individuals with MHOW
(Heianza et al., 2015).
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It was also found that 12.3% of the subjects were categorized as metabolic healthy obese weight
(MHOW). Individuals in this metabolic type have an obese BMI but do not show any metabolic risks.
Given the impact of obesity in relation to the risk of metabolic diseases, various studies have been
conducted to examine the long-term effects of MHOW. Individuals with MHOW had a different fat
distribution pattern (less ectopic and visceral fat), and lower inflammatory markers (Samocha-Bonet
et al., 2014). Other studies also have shown that women with MHOW had lower blood pressure,
triglyceride levels, and glucose levels, but higher levels of HDL, adiponectin, and LDL compared to
women with MUNW (Kim et al., 2013). This condition was associated with good diet quality in
individuals with MHOW. Based on National Health and Nutrition Examination Surveys (NHANES)
data, Camhi et al. (2015) examined the quality of diet in obese subjects and found that adolescents
and adult women with the MHOW metabolic type had higher diet quality scores due to high intake
of fruit, whole grains, meat, and nuts.

Table 3 and Table 4 show the results of statistical analyses on anthropometric indicators related
to metabolic syndromes. Table 3 shows the bivariate statistical analysis using the Pearson correlation
test. The analysis results showed that all anthropometric indicators, namely WHtR, BMI, SAD, waist
circumference, hip circumference and WHR have a strong positive relationship with the metabolic
syndrome score (p<0.001), which means that the higher the anthropometric value, the higher the
metabolic syndrome score. In addition, the analysis of the relationship between anthropometric
indicators and each metabolic profile revealed that almost all of the independent variables (WHtR,
waist and hip circumference, WHR, BMI, and SAD) were associated with each metabolic profile, such
as baseline systolic pressure, diastolic blood pressure, triglyceride levels, blood sugar levels, and HDL.
Only WHR was not associated with diastolic blood pressure (p>0.005).

Table 4 shows the results of the analysis using multiple linear regression to determine
anthropometric indicators that are most associated with each metabolic profile and metabolic
syndrome score. The results showed that BMI was the anthropometric indicator that is most
associated with the metabolic profiles, such as systolic blood pressure (p<0.001), blood sugar
(p<0.05), and HDL (p <0.001). In addition, waist circumference was the anthropometric indicator that
is most associated with triglycerides and metabolic syndrome score (p<0.001). Based on the Adjusted
R?value on the metabolic syndrome score, we found that 37.5% of the metabolic syndrome score was
related to anthropometric indicators, such as WHtR, waist and hip circumference, WHR, BMI, and

SAD. The rest may be influenced by other variables that are not included in this study.
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The correlation test results indicated that all anthropometric indicators had a positive
relationship with the metabolic syndrome scores with p <0.001. Meanwhile, the regression analyses
show that BMI and WHR were inversely related to cMetS. This is in line with research that reported
an increase in the WHR value could be associated with the risk of metabolic syndrome in children
and adolescents in Florida (Moore et al., 2015). Another study revealed that there was a strong
relationship between overweight and obese adolescents with metabolic syndrome (Al-Bachir and
Bakir, 2017). Furthermore, a study on adolescents in South Africa found that central obesity as
measured by the hip circumference could lead to an increased risk of cardiovascular diseases and
death. Therefore, hip circumference and waist circumference can be used to predict the risk of
cardiovascular diseases and death in the future (Cameron et al., 2012).

Body Mass Index (BMI) is the most widely used indicator of measurement in epidemiological
studies and is used as a substitute for evaluating body composition. However, BMI cannot distinguish
fat from fat mass and lean mass, and it fails to show the presence of adipose and body fat distribution
(Ofer et al., 2019; Leone et al., 2020). However, the BMI cut-offs for metabolic syndrome have not
yet been determined (Ofer et al., 2019). Obesity in adolescents is generally assessed using a BMI of
>25.0 kg/m?2. In this study, we only divided the subjects into normal nutritional status (18.5-25 kg/m?)
and obesity (>25.0 kg/m?), and we found that 35.6% of the subjects were obese. The finding is in line
with the research on the subject of students at Universitas Diponegoro aged 18-21 years. They found
that 40% of their study population had obesity level | and 36.3% had obesity level Il (Rose et al.,
2020).

Abdominal obesity is often assessed to determine a metabolic syndrome in people. One of the
indicators used to measure abdominal obesity is the Waist-to-Hip Ratio (WHR) which is calculated by
dividing the waist circumference and the hip circumference. Measurement of waist circumference is
more sensitive in assessing the distribution of body fat in the abdominal wall, which is also a
component of metabolic syndrome. The limit of the WHR value for a female is > 0.85 (Rokhmabh, et
al., 2015). This study shows that every 1% increase in the WHR value will increase the cMetS value
by 10.411. Hip circumference is also an indicator that has a strong correlation with cMetS, but many
studies have used it as a ratio along with waist circumference for assessing a person's central obesity

status.

4. Conclusion
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Metabolic syndrome in female students can be identified using anthropometric measurements, one
of which is BMI and WHR which are very easy to measure and efficient. BMI and WHR have the
strongest relationship and can be used to detect early risk of metabolic syndrome in female college

students.
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Table 1. Minimum, maximum, average and standard deviation

Variable Minimum Maximum  Mean SD
Anthropometric Indicators

WHIR (ratio) 0.37 0.71 0.51 0.07
WHR (ratio) 0.67 0.96 0.80 0.06
BMI (kg/m?) 15.81 39.30 24.04 4.72
Sagital Abdominal Diameter (cm) 11.35 25.50 16.79 2.42
Hip Circumference (cm) 80.60 138.45 98.96 9.30
Waist Circumference (cm) 58.00 112.10 79.44 10.78
Metabolic Profiles

Blood Glucose Levels (mg/dL) 66.00 110.00 92.00 7.59
Trygliceride Levels (mg/dL) 29.00 309.00 88.35 44.68
Cholesterol HDL Levels (mg/dL) 36.00 109.00 61.73 26.43
Systolic Blood Pressure (mmHg) 84.00 144.00 114.63 11.13
Diastolic Blood Pressure (mmHg) 55.00 178.00 82.40 55.52
cMetS (Score of Metabolic Syndrome)  -7.10 11.93 0.01 2.90
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Table 2. Anthropometric overview and components of metabolic syndrome

Characteristics n %

Anthropometric

Body Mass Index (BMI)

Underweight (< 18.5 kg/m?) 6 3.7

Normal (18.5 — 22.9 kg/m?) 71 436
Overweight (23-24.9 kg/m?) 28 17.2
Obese (225.0 kg/m?) 58 35.6

Waist Height Ratio (WHtR)
Normal (<0.50) 45 27.6
At Risk (20.50) 118 72.4
Waist Hip Ratio
Normal (<0.85) 127 779
Central Obesity (>0.85) 36 221
Sagital Abdominal Diameter (SAD)
Normal (<19.3 cm) 143 87.7
At Risk (>19.3 cm) 20 123
Wait Circumference
Normal (<80 cm) 73 4438
Obese (<80 cm) 90 55.2
Metabolic Profiles

Blood Glucose Levels

Normal (<110 mg/dL) 136 83.4

High (2110 mg/dL) 27 16.6
Triglycerides

Normal (<150 mg/dL) 149 914

High (2150 mg/dL) 14 8.6

Cholesterol HDL
Normal (2150 mg/dL) 135 82.8
Low (<150 mg/dL) 28 17.2

Sistolic Blood Pressure
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Normal (<130 mg/dL)
High (2130 mg/dL)
Diastolic Blood Pressure
Normal (<85 mg/dL)
High (=85 mg/dL)
cMetS (Score of Metabolic Syndrome)
Normal (<2.21)
At Risk (22.21)
Metabolic Types
Metabolic Unhealthy Normal Weight (MUNW)
Metabolic Healthy Normal Weight (MHNW)
Metabolic Unhealthy Obese Weight (MUOW)
Metabolic Healthy Obese Weight (MHOW)

136
27

128
35

109
54

88
38
20

83.4
16.6

78.5
215

66.9
33.1

10.4
54

233
123
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Table 3. The relationship between anthropometric indicators and metabolic profiles (blood pressure,

triglycerides, blood sugar, HDL and metabolic syndrome scores)

Commented [VN3]: Rather than bold the p-value that

Variable  Systolic BP Diastolic BP TG Blood Glucose HDL cMetS table note, p-value<0.05/0.01 indicates significant
r p r p r p r p r p r p difference.
WHtR 0.358 <0.001 0.306 <0.001 0.289 <0.001 0.210 0.007 -0.266 0.001 0.599 <0.001
BMI 0370 <0.001 0.313 <0.001 0.315 <0.001 0.221 0.005 -0.292 <0.001 0.600 <0.001
SAD 0.352 <0.001 0.284 <0.001 0.278 <0.001 0.191 0.015 -0.264 0.001 0.575 <0.001
wcC 0.377 <0.001 0.284 <0.001 0.295 <0.001 0.212 0.005 -0.243 0.002 0.616 <0.001
HC 0.369 <0.001 0.332 <0.001 0.302 <0.001 0.179 0.002 -0.273 <0.001 0.581 <0.001
WHR 0.244 0.002 0.128 0.104 0.194 0.013 0.172 0.028 -0.149 0.048 0.415 <0.001

showed significant difference, you should indicate in the
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Table 4. Anthropometric indicators most associated with metabolic components and metabolic

syndrome scores

Variable Systolic BP

Constant usc? p1° p2° dAdjusted R?
BMI 91.759 0.951 <0.001 <0.001 0.158

Blood Glucose Levels

Constant usc? p1° p2° Adjusted R?
BMI 83.454 0.355 0.005 <0.001 0.043

HDL

Constant usc? p1® p2° Adjusted R?
BMI 81.429 -0.819 <0.001 <0.001 0.080

Triglycerides

Constant usc? p1® p2° Adjusted R?
wcC -6.614 1.195 <0.001 <0.001 0.078

Score of Metabolic Syndrome

Constant usc? p1® p2° Adjusted R?
wWcC -13.163 0.166 <0.001 <0.001 0.375

aUnstandardized Coefficient, ° p-value, ¢ p F-Test (ANOVA), °coefficient of determination
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Abstract

Metabolic syndrome is not a disease but is a set of several disorders and causes an increased risk of
cardiovascular disease and diabetes mellitus complications. Several studies have shown that non-invasive
approaches such as anthropometric measurements can be used for the early detection of metabolic
syndrome. This study aimed to analyse the anthropometric indicators related to metabolic syndrome in

female college students. The design of this research is cross sectional, with the number of subjects
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involved as many as 163 female college students aged 19 to 24 years old. Purposive sampling was used in
the sampling of this research. The independent variables in this study were the Waist-to-Height Ratio
(WHtR), Waist-Hip Ratio (WHR), Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and hip
circumference. The dependent variable in this study is the metabolic syndrome component that has been
converted into a metabolic syndrome score (cMetS). The analysis results showed that all anthropometric
indicators, namely WHtR, BMI, SAD, waist circumference, hip circumference and WHR have a strong
positive relationship with the metabolic syndrome score (p<0.001). BMI was the anthropometric indicator
that is most associated with the metabolic profiles, such as systolic blood pressure (p<0.001), blood sugar
(p<0.05), and HDL (p<0.001). Waist circumference was the anthropometric indicator that is most
associated with triglycerides and metabolic syndrome score (p<0.001). Metabolic syndrome in female
college students can be identified using anthropometric measurements, one of which is BMI and WHR
which are very easy to measure and efficient. BMI and WHR have the strongest relationship and can be

used to detect early risk of metabolic syndrome in female college students.

Keywords: Adolescent, Anthropometric indicator, Female, Metabolic profile, Metabolic syndrome

1. Introduction

Metabolic syndrome is a set of body metabolic disorders such as dyslipidemia, hyperglycemia,
hypertension, and central obesity (Srikanthan et al., 2016; Devi et al., 2017; Christijani, 2019).
Metabolic syndrome is not a disease, but is a set of several disorders that causes an increased risk of
cardiovascular disease and diabetes mellitus complications. Some epidemiological studies have
shown that metabolic syndrome doubles the risk of cardiovascular diseases (Sri Rahayu and Maulina,

2017).

Indonesia as a developing country cannot be separated from the existing nutritional problems in
the world, including the incidence of obesity and metabolic syndrome. Several studies found that the
prevalence of metabolic syndrome keeps increasing every year. A study in China showed the
prevalence of metabolic syndrome in adults was 24.2% (Li et al., 2018). Another study indicated that
the prevalence of metabolic syndrome in Indonesia was 21.66% (Herningtyas and Ng, 2019). In recent
studies, metabolic syndrome can be assessed using the continuous value of metabolic syndrome
(cMets) or the metabolic syndrome score recommended by the American Diabetic Association of

Diabetes. The metabolic syndrome score is a z-score resulting from the assessment of all components
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of the metabolic syndrome (Pratiwi, et al., 2017). The advantages of using cMetS are (1) reducing
dichotomization factors because cardiovascular disease is a progression of several components of
the metabolic syndrome, (2) cMetS is more sensitive and less error-prone than categoric metabolic

syndrome assessments, (3) increasing the statistical power (Okosun et al., 2010b).

Central obesity is one of the components of metabolic syndrome parameters. Central obesity is
associated with increased blood pressure, serum triglycerides, decreased HDL, and glucose
intolerance. Based on the National Basic Health Research (Riskesdas) in 2018, the prevalence of
obesity in adults was 21.8%, and the prevalence of central obesity at age of more than 15 years
increased from 26.6% in 2013 to 31% in 2018 (Badan Penelitian dan Pengembangan Kesehatan,
2018). Obesity is closely related to degenerative diseases. Riskesdas (2018) showed that the
prevalence of stroke, diabetes mellitus, heart disease, and hypertension is higher in women than

men.

Several studies have shown that non-invasive approaches such as anthropometric measurements
can be used for the early detection of metabolic syndrome (Pratiwi, et al., 2017). Anthropometric
measurements are described as the measurements of body dimensions and body composition to
assess nutritional status. The advantages of anthropometric measurements are relatively fast and
easy, as they can be performed using portable and calibrated instruments with standardized methods
(Rokhmah, et al., 2015). Some anthropometric measurements that can be used for early detection
of metabolic syndrome are Waist-to-Height Ratio (WHtR), waist-to-hip ratio (WHR), hip

circumference, Body Mass Index (BMI), Sagital Abdominal Diameter (SAD).

One of the anthropometric measurements which can be a parameter for central obesity is the
ratio of waist circumference to height (WHtR). The instruments used in the measurement are
microtoise and measuring tape, which take a longer time. Studies on waist circumference have been
shown to have a strong correlation with abdominal fat deposits (Zhou et al., 2014). The distribution
of abdominal adipose tissue (central obesity) in adults is associated with a component of the
metabolic syndrome (Rodea-Montero, et al., 2014). A study on adult subjects has shown that people
who have the same waist circumference but are shorter in height have a greater risk of developing
metabolic syndrome than taller people (Zhou et al., 2014). Therefore, WHtR can be used as a simple
and effective anthropometric index to identify the metabolic risk associated with obesity (Rodea-

Montero, et al., 2014).
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The Waist-To-Hip Ratio (WHR) is a measurement that may indicate central obesity (Karimah,
2018). The higher the WHR value, the higher the risk level for several metabolic diseases. The Waist-
To-Hip Ratio is calculated by dividing the measurement of the waist circumference by the
circumference of the hip. The cut-off points for WHR are 21.0 for men and >0.85 for women
(Rokhmah et al., 2015). Individuals with a high waist and hip circumference will also have a higher
distribution of fat in their abdominal area. Irregular fats distribution in the abdominal area indirectly
causes higher triglyceride levels circulating in the blood, which will affect blood pressure
(Sumardiyono et al., 2018). WHR measurement is more sensitive in assessing the distribution of fat
in the body, especially in the abdomen. This measurement is three times better than BMl in reflecting
the presence of harmful fats in the abdomen. Measurement of waist circumference is performed by

determining the lower part of arcus costae and crista iliaca (Sri Rahayu and Maulina, 2017).

Body Mass Index (BMI) is a practical and easy measurement to perform, but it cannot distinguish
between fat mass, bone mass and muscle mass. BMI is calculated as body weight (kg) / height
squared (m?) (Okura et al., 2018). BMI can be used as the first measurement before any other

anthropometric measurements.

Sagittal Abdominal Diameter (SAD) or the height of the abdomen while the subjects are in a lying
position. This anthropometric measurement has not been widely used to measure fat tissue in the
abdominal area. SAD measurements using computed tomography or magnetic resonance imaging,
and are associated with components of metabolic syndrome. The measurements of SAD are taken
when the subject is lying down on the examination table with a naked upper body. SAD is related to
central obesity in individuals with obesity and normal nutritional status. Furthermore, SAD is
associated with diabetes mellitus and a predictor of cardiovascular disease incidence, even when SAD
is measured in a standing position (Pajunen et al., 2013). Based on the above-mentioned problems,
our study aimed to analyze the anthropometric indicators related to metabolic syndrome in female

college students.

2. Materials and methods
2.1 Design, location, and time
A cross-sectional study design and this research was conducted from March to July 2020.

Anthropometric and biochemical data were collected at the Cito Laboratory, Banyumanik Semarang

177



with health protocols applied. This study was approved by the Medical/Health Research Bioethics
Commission, Faculty of Medicine, Sultan Agung Islamic University Semarang with Number No.296 /IX

/2020 /Bioethical Commission.

2.2 Samplings

This study was conducted during the SARS-CoV-2 outbreak, which later was named COVID-19 by
the WHO, hence the registration for study participants was done online. Purposive sampling was used
in this study and the total number of subjects required was 163. Samples are selected based on
inclusion criteria, such as voluntary to be research subjects, female college students in Semarang City,
aged 19-24 years in Semarang, not consuming alcohol, not smoking, and voluntary to follow a series
of study instructions. Exclusion criteria are subjects who withdraw and those who are ill during the
research study. Based on the exclusion criteria mentioned, no subjects are included in the exclusion
criteria. Subjects were asked to fill in personal data using a Google Form, and eligible subjects will be
contacted by the researchers to plan a direct meeting.

The health protocol applied during the anthropometric and biochemical data collection process,
consisted of the subject filling out a COVID-19 sign/symptom screening questionnaire, the subject
was checked for temperature, the subject washed hands before entering the room, the distance
between subjects was at least 1 meter, the subject and researcher used a mask and face shield.
Researchers used gloves and protective clothing. During the study, hand sanitisers were provided,

and anthropometric tools that were on the subject's skin were wiped with alcohol.

2.3 Data collected
The independent variables in this study were the Waist-to-Height Ratio (WHtR), Waist-Hip Ratio
(WHR), Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and hip circumference. Weight
and height data were obtained through direct measurements using a digital stamp scale GEA brand
with an accuracy of 0.1 kg and microtoise with an accuracy of 0.1 cm. Waist circumference and hip
circumference were measured using a measuring tape (Medline) to the nearest 1 mm and abdominal
height was measured using the Abawerk Schaffenburg abdominal calliper to the nearest 1 mm. SAD
measurements were performed with the subject in a supine position on a flat surface with both knees
forming an angle of 90° (Firouzi et al, 2018). Anthropometric data were collected by trained

enumerators.

178



The cut-off point used in this study refers to previous studies because it had been adjusted for the
Asian race (Rose et al., 2020). Each anthropometric measurement is stated as “at-risk” if the
individuals have >0.50 for WHtR (Zhang et al., 2016), > 0.85 for WHR (Rokhmah et al., 2015), > 19.3
cm for Sagital Abdominal Diameter (SAD) (Dieny et al., 2020), and have the normal to overweight
BMI (18.5 - 25 kg/m?) or obese BMI (225.0 kg/m?) (Susetyowati, 2016).

The dependent variable in this study is the metabolic syndrome component that has been
converted into a metabolic syndrome score (cMetS) with the cut-off point of cMetS> 2.21 (Rose et
al., 2020). The guidelines for metabolic syndrome in this study are taken from the National
Cholesterol Education Program-Adult Treatment Panel (NCEP-ATP IlI) 2005 which has been
frequently used in Indonesia. There are 5 parameters to assess metabolic syndrome: (1) fasting blood
glucose levels 2110 mg/dL, (2) triglyceride levels 2150 mg/dL (3) HDL cholesterol levels <50 mg/dL,
(4) central obesity in women with waist circumference 280 ¢cm, and (5) systolic and diastolic blood
pressures 2130 mmHg and 285 mmHg, respectively (Soewondo et al., 2010). The calculation of the
metabolic syndrome score (cMetS) was done in the following steps: (1) after measuring all
parameters of the metabolic syndrome, standardisation was carried out to obtain a Z-score; (2) the
blood pressure must be converted into Mean Arterial Blood (MAP) by dividing the difference
between systolic and diastolic blood pressure by three and summed with the diastolic blood
pressure; (3) the HDL cholesterol standardization results were multiplied by (-1) because the
parameter was inversely related to the risk of metabolic syndrome; (4) All Z-scores were added to
obtain the cMetS values; (5) The final step was to compare the cMetS values with the cut-off point
of 22,21 (Eisenmann et al., 2010; Okosun et al., 2010a; Rose et al., 2020). The subjects were
instructed to do fasting for at least 8 hrs, only drinking water was permitted.

Other than the cMetS score, metabolic syndrome risk can also be assessed from the classification
of metabolic types. This classification combines the internal and external signs of the body such as
biochemical parameters, the ratio of subcutaneous fat to abdominal fat, and blood pressure (Prybyla
0, 2020). The main phenotypes that reflect the possible combination of metabolic profile and the
degree of obesity are metabolic healthy obese weight, metabolic healthy normal weight, metabolic

unhealthy normal weight, and metabolic unhealthy normal weight.

2.4 Data analysis
All data were analyzed using computer programs and statistical analyses were performed using

SPSS statistical software version 22. Univariate analysis was used to describe subjects characteristics.
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The normality test of the data using the Kolmogorov-Smirnov test was carried out before testing the
hypothesis. The relationship of anthropometric indicators with metabolic profile (Blood Pressure,
Triglycerides, Blood Sugar, HDL and metabolic syndrome scores) was determined using the Person
correlation test. Furthermore, Anthropometric indicators that are most related to the metabolic

component and metabolic syndrome score were analyzed using the Multiple Linear Regression test.

Results and discussion

The subject characteristics measured in female students aged 19-24 vyears include age,
anthropometric indicators, and metabolic syndromes. Table 1 shows the characteristics of the study
subjects. The mean WHtR value in this study was 0.51. Meanwhile, the mean WHR was 0.80; the mean
BMI was 24.04 kg/m?; the mean SAD was 16.79 cm, and the mean waist circumference was 79.44 cm.

Table 2 shows the various nutritional status of the subjects based on BMI. It was found that 43.6%
of the subjects had normal BMI, 17.2% were overweight and 35.6% were obese. Based on the WHtR
anthropometric indicator, 72.4% of subjects were at risk of having obesity, based on WHR, 22.1% had
central obesity, based on BMI, 35.6% were obese, based on SAD 12.3% of the subjects were at risk,
and based on waist circumference 55.2% had central obesity. According to the metabolic profile that
was assessed, 16.6% had high Fasting Blood Glucose levels, 8.6% had hypertriglycerides, 17.2% had
low HDL, and 16.6% had high systolic blood pressure, and 21.5% had high diastolic blood pressure. In
addition, we found that 33.1% of the subjects had high metabolic syndrome (cMetS) scores. This
proportion was similar to the assessment based on the metabolic type of unhealthy subjects (subjects
who had 2 3 risk factors of the metabolic profile), which was 33.7%. Moreover, two subjects had five
risk factors: abdominal obesity, hypertension, hyperglycemia, hypertriglycerides, and low HDL.

The objective of this study was to determine the anthropometric indicators associated with
metabolic syndromes in female students. The study included 163 female students aged 19-24 years.
The students are in their late adolescents who begin to have an independent life. Inappropriate and
unhealthy eating behaviour will have an impact on the student’s nutritional status. Excessive
nutritional status and obesity will affect student’s body metabolism. Based on the study results, 33.1%
of the subjects had a high metabolic syndrome (cMetS) score. In line with the previous study
conducted in 2019 on 18-to-21-year-old students at Universitas Diponegoro, 20% of the subjects had
high cMetS (Rose et al., 2020). Meanwhile, a study conducted by Pratiwi et al in 2017 using secondary
data from the National Basic Health Research 2013 found that 19.98% of adolescents aged 15-24 years
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had high cMetS (Pratiwi, et al., 2017). To conclude, there is a trend of Metabolic Syndrome Score
(cMetS) among young women in Semarang.

The assessment of metabolic syndrome using a continuous type (scoring) rather than using a
dichotomy or binary (“yes” and “no”) is recommended (Christijani, 2019). An adolescent can be
diagnosed with metabolic syndrome if their Metabolic Syndrome Score (cMetS) >2.21 (Pratiwi, et al.,
2017). Anthropometric indicators used in this study are Waist and Height Ratio (WHtR), Waist-to-Hip
Ratio (WHR), Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and Waist Circumference.
Based on the correlation analyses, all anthropometric indicators have a significant positive
relationship with the Metabolic Syndrome Score (cMetS). Furthermore, the multivariate analyses
show that the anthropometric indicators of BMI and WHR are strongly associated with cMetS.

If the metabolic type is considered based on nutritional status (subjects with non-obese BMI
(<25kg/m?) with metabolic healthy and metabolic unhealthy and subjects with obese BMI (> 25kg/m?)
with metabolic healthy and metabolic unhealthy), subjects are categorized as metabolic unhealthy
(experiencing metabolic syndrome) if they fulfil > 3 risk factors including high waist circumference,
blood pressure, fasting blood glucose and triglyceride levels, and low HDL levels. Based on these
criteria, it was found that 10.4% of the subjects had a metabolic unhealthy normal weight (MUNW)
and 23.3% of the subjects had metabolic unhealthy obesity weight (MUOW). Of non-obese subjects,
54% of them were metabolic healthy. Our study also shows that 10.4% of the subjects were classified
as metabolic unhealthy normal weight (MUNW). The subjects’ BMI in this category is in the normal
range but has a high percentage of body fat that makes them at high risk of developing metabolic
disorders (Eckel et al., 2015; Suliga et al., 2015). Several recent cohort studies have shown a greater
risk of type Il diabetes mellitus in individuals with MUNW compared to individuals with MHNW (Arnlév
et al., 2011; Hadaegh et al., 2011; Aung et al., 2014; Jung et al., 2014; Hinnouho et al., 2015). Other
studies have shown that women with the MUNW type have a long-term impact of an increased risk
of cardiovascular diseases such as higher blood pressure, triglyceride and glucose levels as well as
lower levels of adiponectin, HDL, and LDL compared to women with the MHNW type (Kim et al., 2013).

In this study, 23.3% of the subjects belonged to the Metabolic Unhealthy Obese Weight (MUOW)
type. Subjects with this metabolic type have an obese BMI and have a high risk of developing
metabolic disorders. A study conducted in Japan on 29,564 subjects showed that individuals with
MUOW had a greater risk of developing type Il diabetes mellitus compared to individuals with MHOW
(Heianza et al., 2015).
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It was also found that 12.3% of the subjects were categorized as metabolic healthy obese weight
(MHOW). Individuals in this metabolic type have an obese BMI but do not show any metabolic risks.
Given the impact of obesity in relation to the risk of metabolic diseases, various studies have been
conducted to examine the long-term effects of MHOW. Individuals with MHOW had a different fat
distribution pattern (less ectopic and visceral fat), and lower inflammatory markers (Samocha-Bonet
et al., 2014). Other studies also have shown that women with MHOW had lower blood pressure,
triglyceride levels, and glucose levels, but higher levels of HDL, adiponectin, and LDL compared to
women with MUNW (Kim et al., 2013). This condition was associated with good diet quality in
individuals with MHOW. Based on National Health and Nutrition Examination Surveys (NHANES)
data, Camhi et al. (2015) examined the quality of diet in obese subjects and found that adolescents
and adult women with the MHOW metabolic type had higher diet quality scores due to high intake
of fruit, whole grains, meat, and nuts.

Table 3 and Table 4 show the results of statistical analyses on anthropometric indicators related
to metabolic syndromes. Table 3 shows the bivariate statistical analysis using the Pearson correlation
test. The analysis results showed that all anthropometric indicators, namely WHtR, BMI, SAD, waist
circumference, hip circumference and WHR have a strong positive relationship with the metabolic
syndrome score (p<0.001), which means that the higher the anthropometric value, the higher the
metabolic syndrome score. In addition, the analysis of the relationship between anthropometric
indicators and each metabolic profile revealed that almost all of the independent variables (WHtR,
waist and hip circumference, WHR, BMI, and SAD) were associated with each metabolic profile, such
as baseline systolic pressure, diastolic blood pressure, triglyceride levels, blood sugar levels, and HDL.
Only WHR was not associated with diastolic blood pressure (p>0.005).

Table 4 shows the results of the analysis using multiple linear regression to determine
anthropometric indicators that are most associated with each metabolic profile and metabolic
syndrome score. The results showed that BMI was the anthropometric indicator that is most
associated with the metabolic profiles, such as systolic blood pressure (p<0.001), blood sugar
(p<0.05), and HDL (p <0.001). In addition, waist circumference was the anthropometric indicator that
is most associated with triglycerides and metabolic syndrome score (p<0.001). Based on the Adjusted
R?value on the metabolic syndrome score, we found that 37.5% of the metabolic syndrome score was
related to anthropometric indicators, such as WHtR, waist and hip circumference, WHR, BMI, and

SAD. The rest may be influenced by other variables that are not included in this study.
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The correlation test results indicated that all anthropometric indicators had a positive
relationship with the metabolic syndrome scores with p <0.001. Meanwhile, the regression analyses
show that BMI and WHR were inversely related to cMetS. This is in line with research that reported
an increase in the WHR value could be associated with the risk of metabolic syndrome in children
and adolescents in Florida (Moore et al., 2015). Another study revealed that there was a strong
relationship between overweight and obese adolescents with metabolic syndrome (Al-Bachir and
Bakir, 2017). Furthermore, a study on adolescents in South Africa found that central obesity as
measured by the hip circumference could lead to an increased risk of cardiovascular diseases and
death. Therefore, hip circumference and waist circumference can be used to predict the risk of
cardiovascular diseases and death in the future (Cameron et al., 2012).

Body Mass Index (BMI) is the most widely used indicator of measurement in epidemiological
studies and is used as a substitute for evaluating body composition. However, BMI cannot distinguish
fat from fat mass and lean mass, and it fails to show the presence of adipose and body fat distribution
(Ofer et al., 2019; Leone et al., 2020). However, the BMI cut-offs for metabolic syndrome have not
yet been determined (Ofer et al., 2019). Obesity in adolescents is generally assessed using a BMI of
>25.0 kg/m?2. In this study, we only divided the subjects into normal nutritional status (18.5-25 kg/m?)
and obesity (>25.0 kg/m?), and we found that 35.6% of the subjects were obese. The finding is in line
with the research on the subject of students at Universitas Diponegoro aged 18-21 years. They found
that 40% of their study population had obesity level | and 36.3% had obesity level Il (Rose et al.,
2020).

Abdominal obesity is often assessed to determine a metabolic syndrome in people. One of the
indicators used to measure abdominal obesity is the Waist-to-Hip Ratio (WHR) which is calculated by
dividing the waist circumference and the hip circumference. Measurement of waist circumference is
more sensitive in assessing the distribution of body fat in the abdominal wall, which is also a
component of metabolic syndrome. The limit of the WHR value for a female is > 0.85 (Rokhmabh, et
al., 2015). This study shows that every 1% increase in the WHR value will increase the cMetS value
by 10.411. Hip circumference is also an indicator that has a strong correlation with cMetS, but many
studies have used it as a ratio along with waist circumference for assessing a person's central obesity

status.

4. Conclusion
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Metabolic syndrome in female students can be identified using anthropometric measurements, one
of which is BMI and WHR which are very easy to measure and efficient. BMI and WHR have the
strongest relationship and can be used to detect early risk of metabolic syndrome in female college

students.
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Table 1. Minimum, maximum, average and standard deviation

Variable Minimum Maximum  Mean SD
Anthropometric Indicators

WHIR (ratio) 0.37 0.71 0.51 0.07
WHR (ratio) 0.67 0.96 0.80 0.06
BMI (kg/m?) 15.81 39.30 24.04 4.72
Sagital Abdominal Diameter (cm) 11.35 25.50 16.79 2.42
Hip Circumference (cm) 80.60 138.45 98.96 9.30
Waist Circumference (cm) 58.00 112.10 79.44 10.78
Metabolic Profiles

Blood Glucose Levels (mg/dL) 66.00 110.00 92.00 7.59
Trygliceride Levels (mg/dL) 29.00 309.00 88.35 44.68
Cholesterol HDL Levels (mg/dL) 36.00 109.00 61.73 26.43
Systolic Blood Pressure (mmHg) 84.00 144.00 114.63 11.13
Diastolic Blood Pressure (mmHg) 55.00 178.00 82.40 55.52
cMetS (Score of Metabolic Syndrome)  -7.10 11.93 0.01 2.90
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Table 2. Anthropometric overview and components of metabolic syndrome

Characteristics n %

Anthropometric

Body Mass Index (BMI)

Underweight (< 18.5 kg/m?) 6 3.7

Normal (18.5 — 22.9 kg/m?) 71 436
Overweight (23-24.9 kg/m?) 28 17.2
Obese (225.0 kg/m?) 58 35.6

Waist Height Ratio (WHtR)
Normal (<0.50) 45 27.6
At Risk (20.50) 118 72.4
Waist Hip Ratio
Normal (<0.85) 127 779
Central Obesity (>0.85) 36 221
Sagital Abdominal Diameter (SAD)
Normal (<19.3 cm) 143 87.7
At Risk (>19.3 cm) 20 123
Wait Circumference
Normal (<80 cm) 73 4438
Obese (<80 cm) 90 55.2
Metabolic Profiles

Blood Glucose Levels

Normal (<110 mg/dL) 136 83.4

High (2110 mg/dL) 27 16.6
Triglycerides

Normal (<150 mg/dL) 149 914

High (2150 mg/dL) 14 8.6

Cholesterol HDL
Normal (2150 mg/dL) 135 82.8
Low (<150 mg/dL) 28 17.2

Sistolic Blood Pressure
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Normal (<130 mg/dL)
High (2130 mg/dL)
Diastolic Blood Pressure
Normal (<85 mg/dL)
High (=85 mg/dL)
cMetS (Score of Metabolic Syndrome)
Normal (<2.21)
At Risk (22.21)
Metabolic Types
Metabolic Unhealthy Normal Weight (MUNW)
Metabolic Healthy Normal Weight (MHNW)
Metabolic Unhealthy Obese Weight (MUOW)
Metabolic Healthy Obese Weight (MHOW)

136
27

128
35

109
54

88
38
20

83.4
16.6

78.5
215

66.9
33.1

10.4
54

233
123

192



Table 3. The relationship between anthropometric indicators and metabolic profiles (blood pressure,

triglycerides, blood sugar, HDL and metabolic syndrome scores)

Commented [VN1]: Rather than bold the p-value that

Variable  Systolic BP Diastolic BP TG Blood Glucose HDL cMetS table note, p-value<0.05/0.01 indicates significant
r p r p r p r p r p r p difference.
WHtR 0.358 <0.001 0.306 <0.001 0.289 <0.001 0.210 0.007 -0.266 0.001 0.599 <0.001
BMI 0370 <0.001 0.313 <0.001 0.315 <0.001 0.221 0.005 -0.292 <0.001 0.600 <0.001
SAD 0.352 <0.001 0.284 <0.001 0.278 <0.001 0.191 0.015 -0.264 0.001 0.575 <0.001
wcC 0.377 <0.001 0.284 <0.001 0.295 <0.001 0.212 0.005 -0.243 0.002 0.616 <0.001
HC 0.369 <0.001 0.332 <0.001 0.302 <0.001 0.179 0.002 -0.273 <0.001 0.581 <0.001
WHR 0.244 0.002 0.128 0.104 0.194 0.013 0.172 0.028 -0.149 0.048 0.415 <0.001

showed significant difference, you should indicate in the
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Table 4. Anthropometric indicators most associated with metabolic components and metabolic

syndrome scores

Variable Systolic BP

Constant usc? p1° p2° dAdjusted R?
BMI 91.759 0.951 <0.001 <0.001 0.158

Blood Glucose Levels

Constant usc? p1° p2° Adjusted R?
BMI 83.454 0.355 0.005 <0.001 0.043

HDL

Constant usc? p1® p2° Adjusted R?
BMI 81.429 -0.819 <0.001 <0.001 0.080

Triglycerides

Constant usc? p1® p2° Adjusted R?
wcC -6.614 1.195 <0.001 <0.001 0.078

Score of Metabolic Syndrome

Constant usc? p1® p2° Adjusted R?
wWcC -13.163 0.166 <0.001 <0.001 0.375

aUnstandardized Coefficient, ° p-value, ¢ p F-Test (ANOVA), °coefficient of determination
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Abstract

Metabolic syndrome is not a disease but is a set of several disorders and causes an increased risk of
cardiovascular disease and diabetes mellitus complications. Several studies have shown that non-invasive
approaches such as anthropometric measurements can be used for the early detection of metabolic
syndrome. This study aimed to analyse the anthropometric indicators related to metabolic syndrome in

female college students. The design of this research was cross sectional, with the number of subjects
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involved were as many as 163 female college students aged 19 to 24 years old. Purposive sampling was
used in the sampling of this research. The independent variables in this study were the Waist-to-Height
Ratio (WHtR), Waist-Hip Ratio (WHR), Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and hip
circumference. The dependent variable in this study is the metabolic syndrome component that has been
converted into a metabolic syndrome score (cMetS). The analysis results showed that all anthropometric
indicators, namely WHtR, BMI, SAD, waist circumference, hip circumference and WHR have a strong
positive relationship with the metabolic syndrome score (p<0.001). BMI was the anthropometric indicator
that is most associated with the metabolic profiles, such as systolic blood pressure (p<0.001), blood sugar
(p<0.05), and HDL (p<0.001). Waist circumference was the anthropometric indicator that is most
associated with triglycerides and metabolic syndrome score (p<0.001). Metabolic syndrome in female
college students can be identified using anthropometric measurements, one of which is BMI and WHR
which are very easy to measure and efficient. BMI and WHR have the strongest relationship and can be

used to detect early risk of metabolic syndrome in female college students.

Keywords: Adolescent, Anthropometric indicator, Female, Metabolic profile, Metabolic syndrome

1. Introduction

Metabolic syndrome is a set of body metabolic disorders such as dyslipidemia, hyperglycemia,
hypertension, and central obesity (Srikanthan et al., 2016; Devi et al., 2017; Christijani, 2019).
Metabolic syndrome is not a disease but is a set of several disorders that causes an increased risk of
cardiovascular disease and diabetes mellitus complications. Some epidemiological studies have
shown that metabolic syndrome doubles the risk of cardiovascular diseases (Sri Rahayu and Maulina,

2017).

Indonesia as a developing country cannot be separated from the existing nutritional problems in
the world, including the incidence of obesity and metabolic syndrome. Several studies found that the
prevalence of metabolic syndrome keeps increasing every year. A study in China showed the
prevalence of metabolic syndrome in adults was 24.2% (Li et al., 2018). Another study indicated that
the prevalence of metabolic syndrome in Indonesia was 21.66% (Herningtyas and Ng, 2019). In recent
studies, metabolic syndrome can be assessed using the continuous value of metabolic syndrome
(cMets) or the metabolic syndrome score recommended by the American Diabetic Association of

Diabetes. The metabolic syndrome score is a z-score resulting from the assessment of all components

196



of the metabolic syndrome (Pratiwi, et al., 2017). The advantages of using cMetS are (1) reducing
dichotomization factors because cardiovascular disease is a progression of several components of
the metabolic syndrome, (2) cMetS is more sensitive and less error-prone than categoric metabolic

syndrome assessments, (3) increasing the statistical power (Okosun et al., 2010b).

Central obesity is one of the components of metabolic syndrome parameters. Central obesity is
associated with increased blood pressure, serum triglycerides, decreased HDL, and glucose
intolerance. Based on the National Basic Health Research (Riskesdas) in 2018, the prevalence of
obesity in adults was 21.8%, and the prevalence of central obesity at age of more than 15 years
increased from 26.6% in 2013 to 31% in 2018 (Badan Penelitian dan Pengembangan Kesehatan,
2018). Obesity is closely related to degenerative diseases. Riskesdas (2018) showed that the
prevalence of stroke, diabetes mellitus, heart disease, and hypertension is higher in women than

men.

Several studies have shown that non-invasive approaches such as anthropometric measurements
can be used for the early detection of metabolic syndrome (Pratiwi, et al., 2017). Anthropometric
measurements are described as the measurements of body dimensions and body composition to
assess nutritional status. The advantages of anthropometric measurements are relatively fast and
easy, as they can be performed using portable and calibrated instruments with standardized methods
(Rokhmah, et al., 2015). Some anthropometric measurements that can be used for early detection
of metabolic syndrome are Waist-to-Height Ratio (WHtR), waist-to-hip ratio (WHR), hip

circumference, Body Mass Index (BMI), Sagital Abdominal Diameter (SAD).

One of the anthropometric measurements which can be a parameter for central obesity is the
ratio of waist circumference to height (WHtR). The instruments used in the measurement are
microtoise and measuring tape, which take a longer time. Studies on waist circumference have been
shown to have a strong correlation with abdominal fat deposits (Zhou et al., 2014). The distribution
of abdominal adipose tissue (central obesity) in adults is associated with a component of the
metabolic syndrome (Rodea-Montero, et al., 2014). A study on adult subjects has shown that people
who have the same waist circumference but are shorter in height have a greater risk of developing
metabolic syndrome than taller people (Zhou et al., 2014). Therefore, WHtR can be used as a simple
and effective anthropometric index to identify the metabolic risk associated with obesity (Rodea-

Montero, et al., 2014).
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The Waist-To-Hip Ratio (WHR) is a measurement that may indicate central obesity (Karimah,
2018). The higher the WHR value, the higher the risk level for several metabolic diseases. The Waist-
To-Hip Ratio is calculated by dividing the measurement of the waist circumference by the
circumference of the hip. The cut-off points for WHR are 21.0 for men and >0.85 for women
(Rokhmah et al., 2015). Individuals with a high waist and hip circumference will also have a higher
distribution of fat in their abdominal area. Irregular fats distribution in the abdominal area indirectly
causes higher triglyceride levels circulating in the blood, which will affect blood pressure
(Sumardiyono et al., 2018). WHR measurement is more sensitive in assessing the distribution of fat
in the body, especially in the abdomen. This measurement is three times better than BMl in reflecting
the presence of harmful fats in the abdomen. Measurement of waist circumference is performed by

determining the lower part of arcus costae and crista iliaca (Sri Rahayu and Maulina, 2017).

Body Mass Index (BMI) is a practical and easy measurement to perform, but it cannot distinguish
between fat mass, bone mass and muscle mass. BMI is calculated as body weight (kg) / height
squared (m?) (Okura et al., 2018). BMI can be used as the first measurement before any other

anthropometric measurements.

Sagittal Abdominal Diameter (SAD) or the height of the abdomen while the subjects are in a lying
position. This anthropometric measurement has not been widely used to measure fat tissue in the
abdominal area. SAD measurements using computed tomography or magnetic resonance imaging,
and are associated with components of metabolic syndrome. The measurements of SAD are taken
when the subject is lying down on the examination table with a naked upper body. SAD is related to
central obesity in individuals with obesity and normal nutritional status. Furthermore, SAD is
associated with diabetes mellitus and a predictor of cardiovascular disease incidence, even when SAD
is measured in a standing position (Pajunen et al., 2013). Based on the above-mentioned problems,
our study aimed to analyze the anthropometric indicators related to metabolic syndrome in female

college students.

2. Materials and methods
2.1 Design, location, and time
A cross-sectional study design and this research was conducted from March to July 2020.

Anthropometric and biochemical data were collected at the Cito Laboratory, Banyumanik Semarang

198



with health protocols applied. This study was approved by the Medical/Health Research Bioethics
Commission, Faculty of Medicine, Sultan Agung Islamic University Semarang with Number No.296 /IX

/2020 /Bioethical Commission.

2.2 Samplings

This study was conducted during the SARS-CoV-2 outbreak, which later was named COVID-19 by
the WHO, hence the registration for study participants was done online. Purposive sampling was used
in this study and the total number of subjects required was 163. Samples are selected based on
inclusion criteria, such as voluntary to be research subjects, female college students in Semarang City,
aged 19-24 years in Semarang, not consuming alcohol, not smoking, and voluntary to follow a series
of study instructions. Exclusion criteria are subjects who withdraw and those who are ill during the
research study. Based on the exclusion criteria mentioned, no subjects are included in the exclusion
criteria. Subjects were asked to fill in personal data using a Google Form, and eligible subjects will be
contacted by the researchers to plan a direct meeting.

The health protocol applied during the anthropometric and biochemical data collection process,
consisted of the subject filling out a COVID-19 sign/symptom screening questionnaire, the subject
was checked for temperature, the subject washed hands before entering the room, the distance
between subjects was at least 1 meter, the subject and researcher used a mask and face shield.
Researchers used gloves and protective clothing. During the study, hand sanitisers were provided,

and anthropometric tools that were on the subject's skin were wiped with alcohol.

2.3 Data collected
The independent variables in this study were the Waist-to-Height Ratio (WHtR), Waist-Hip Ratio
(WHR), Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and hip circumference. Weight
and height data were obtained through direct measurements using a digital stamp scale GEA brand
with an accuracy of 0.1 kg and microtoise with an accuracy of 0.1 cm. Waist circumference and hip
circumference were measured using a measuring tape (Medline) to the nearest 1 mm and abdominal
height was measured using the Abawerk Schaffenburg abdominal calliper to the nearest 1 mm. SAD
measurements were performed with the subject in a supine position on a flat surface with both knees
forming an angle of 90° (Firouzi et al, 2018). Anthropometric data were collected by trained

enumerators.
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The cut-off point used in this study refers to previous studies because it had been adjusted for the
Asian race (Rose et al., 2020). Each anthropometric measurement is stated as “at-risk” if the
individuals have >0.50 for WHtR (Zhang et al., 2016), > 0.85 for WHR (Rokhmah et al., 2015), > 19.3
cm for Sagital Abdominal Diameter (SAD) (Dieny et al., 2020), and have the normal to overweight
BMI (18.5 - 25 kg/m?) or obese BMI (225.0 kg/m?) (Susetyowati, 2016).

The dependent variable in this study is the metabolic syndrome component that has been
converted into a metabolic syndrome score (cMetS) with the cut-off point of cMetS> 2.21 (Rose et
al., 2020). The guidelines for metabolic syndrome in this study are taken from the National
Cholesterol Education Program-Adult Treatment Panel (NCEP-ATP IlI) 2005 which has been
frequently used in Indonesia. There are 5 parameters to assess metabolic syndrome: (1) fasting blood
glucose levels 2110 mg/dL, (2) triglyceride levels 2150 mg/dL (3) HDL cholesterol levels <50 mg/dL,
(4) central obesity in women with waist circumference 280 ¢cm, and (5) systolic and diastolic blood
pressures 2130 mmHg and 285 mmHg, respectively (Soewondo et al., 2010). The calculation of the
metabolic syndrome score (cMetS) was done in the following steps: (1) after measuring all
parameters of the metabolic syndrome, standardisation was carried out to obtain a Z-score; (2) the
blood pressure must be converted into Mean Arterial Blood (MAP) by dividing the difference
between systolic and diastolic blood pressure by three and summed with the diastolic blood
pressure; (3) the HDL cholesterol standardization results were multiplied by (-1) because the
parameter was inversely related to the risk of metabolic syndrome; (4) All Z-scores were added to
obtain the cMetS values; (5) The final step was to compare the cMetS values with the cut-off point
of 22,21 (Eisenmann et al., 2010; Okosun et al., 2010a; Rose et al., 2020). The subjects were
instructed to do fasting for at least 8 hrs, only drinking water was permitted.

Other than the cMetS score, metabolic syndrome risk can also be assessed from the classification
of metabolic types. This classification combines the internal and external signs of the body such as
biochemical parameters, the ratio of subcutaneous fat to abdominal fat, and blood pressure (Prybyla
0, 2020). The main phenotypes that reflect the possible combination of metabolic profile and the
degree of obesity are metabolic healthy obese weight, metabolic healthy normal weight, metabolic

unhealthy normal weight, and metabolic unhealthy normal weight.

2.4 Data analysis
All data were analyzed using computer programs and statistical analyses were performed using

SPSS statistical software version 22. Univariate analysis was used to describe subjects characteristics.
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The normality test of the data using the Kolmogorov-Smirnov test was carried out before testing the
hypothesis. The relationship of anthropometric indicators with metabolic profile (Blood Pressure,
Triglycerides, Blood Sugar, HDL and metabolic syndrome scores) was determined using the Person
correlation test. Furthermore, Anthropometric indicators that are most related to the metabolic

component and metabolic syndrome score were analyzed using the Multiple Linear Regression test.

Results and discussion

The subject characteristics measured in female students aged 19-24 vyears include age,
anthropometric indicators, and metabolic syndromes. Table 1 shows the characteristics of the study
subjects. The mean WHtR value in this study was 0.51. Meanwhile, the mean WHR was 0.80; the mean
BMI was 24.04 kg/m?; the mean SAD was 16.79 cm, and the mean waist circumference was 79.44 cm.

Table 2 shows the various nutritional status of the subjects based on BMI. It was found that 43.6%
of the subjects had normal BMI, 17.2% were overweight and 35.6% were obese. Based on the WHtR
anthropometric indicator, 72.4% of subjects were at risk of having obesity, based on WHR, 22.1% had
central obesity, based on BMI, 35.6% were obese, based on SAD 12.3% of the subjects were at risk,
and based on waist circumference 55.2% had central obesity. According to the metabolic profile that
was assessed, 16.6% had high Fasting Blood Glucose levels, 8.6% had hypertriglycerides, 17.2% had
low HDL, and 16.6% had high systolic blood pressure, and 21.5% had high diastolic blood pressure. In
addition, we found that 33.1% of the subjects had high metabolic syndrome (cMetS) scores. This
proportion was similar to the assessment based on the metabolic type of unhealthy subjects (subjects
who had 2 3 risk factors of the metabolic profile), which was 33.7%. Moreover, two subjects had five
risk factors: abdominal obesity, hypertension, hyperglycemia, hypertriglycerides, and low HDL.

The objective of this study was to determine the anthropometric indicators associated with
metabolic syndromes in female students. The study included 163 female students aged 19-24 years.
The students are in their late adolescents who begin to have an independent life. Inappropriate and
unhealthy eating behaviour will have an impact on the student’s nutritional status. Excessive
nutritional status and obesity will affect student’s body metabolism. Based on the study results, 33.1%
of the subjects had a high metabolic syndrome (cMetS) score. In line with the previous study
conducted in 2019 on 18-to-21-year-old students at Universitas Diponegoro, 20% of the subjects had
high cMetS (Rose et al., 2020). Meanwhile, a study conducted by Pratiwi et al in 2017 using secondary
data from the National Basic Health Research 2013 found that 19.98% of adolescents aged 15-24 years
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had high cMetS (Pratiwi, et al., 2017). To conclude, there is a trend of Metabolic Syndrome Score
(cMetS) among young women in Semarang.

The assessment of metabolic syndrome using a continuous type (scoring) rather than using a
dichotomy or binary (“yes” and “no”) is recommended (Christijani, 2019). An adolescent can be
diagnosed with metabolic syndrome if their Metabolic Syndrome Score (cMetS) >2.21 (Pratiwi, et al.,
2017). Anthropometric indicators used in this study are Waist and Height Ratio (WHtR), Waist-to-Hip
Ratio (WHR), Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and Waist Circumference.
Based on the correlation analyses, all anthropometric indicators have a significant positive
relationship with the Metabolic Syndrome Score (cMetS). Furthermore, the multivariate analyses
show that the anthropometric indicators of BMI and WHR are strongly associated with cMetS.

If the metabolic type is considered based on nutritional status (subjects with non-obese BMI
(<25kg/m?) with metabolic healthy and metabolic unhealthy and subjects with obese BMI (> 25kg/m?)
with metabolic healthy and metabolic unhealthy), subjects are categorized as metabolic unhealthy
(experiencing metabolic syndrome) if they fulfil > 3 risk factors including high waist circumference,
blood pressure, fasting blood glucose and triglyceride levels, and low HDL levels. Based on these
criteria, it was found that 10.4% of the subjects had a metabolic unhealthy normal weight (MUNW)
and 23.3% of the subjects had metabolic unhealthy obesity weight (MUOW). Of non-obese subjects,
54% of them were metabolic healthy. Our study also shows that 10.4% of the subjects were classified
as metabolic unhealthy normal weight (MUNW). The subjects’ BMI in this category is in the normal
range but has a high percentage of body fat that makes them at high risk of developing metabolic
disorders (Eckel et al., 2015; Suliga et al., 2015). Several recent cohort studies have shown a greater
risk of type Il diabetes mellitus in individuals with MUNW compared to individuals with MHNW (Arnlév
et al., 2011; Hadaegh et al., 2011; Aung et al., 2014; Jung et al., 2014; Hinnouho et al., 2015). Other
studies have shown that women with the MUNW type have a long-term impact of an increased risk
of cardiovascular diseases such as higher blood pressure, triglyceride and glucose levels as well as
lower levels of adiponectin, HDL, and LDL compared to women with the MHNW type (Kim et al., 2013).

In this study, 23.3% of the subjects belonged to the Metabolic Unhealthy Obese Weight (MUOW)
type. Subjects with this metabolic type have an obese BMI and have a high risk of developing
metabolic disorders. A study conducted in Japan on 29,564 subjects showed that individuals with
MUOW had a greater risk of developing type Il diabetes mellitus compared to individuals with MHOW
(Heianza et al., 2015).
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It was also found that 12.3% of the subjects were categorized as metabolic healthy obese weight
(MHOW). Individuals in this metabolic type have an obese BMI but do not show any metabolic risks.
Given the impact of obesity in relation to the risk of metabolic diseases, various studies have been
conducted to examine the long-term effects of MHOW. Individuals with MHOW had a different fat
distribution pattern (less ectopic and visceral fat), and lower inflammatory markers (Samocha-Bonet
et al., 2014). Other studies also have shown that women with MHOW had lower blood pressure,
triglyceride levels, and glucose levels, but higher levels of HDL, adiponectin, and LDL compared to
women with MUNW (Kim et al., 2013). This condition was associated with good diet quality in
individuals with MHOW. Based on National Health and Nutrition Examination Surveys (NHANES)
data, Camhi et al. (2015) examined the quality of diet in obese subjects and found that adolescents
and adult women with the MHOW metabolic type had higher diet quality scores due to high intake
of fruit, whole grains, meat, and nuts.

Table 3 and Table 4 show the results of statistical analyses on anthropometric indicators related
to metabolic syndromes. Table 3 shows the bivariate statistical analysis using the Pearson correlation
test. The analysis results showed that all anthropometric indicators, namely WHtR, BMI, SAD, waist
circumference, hip circumference and WHR have a strong positive relationship with the metabolic
syndrome score (p<0.001), which means that the higher the anthropometric value, the higher the
metabolic syndrome score. In addition, the analysis of the relationship between anthropometric
indicators and each metabolic profile revealed that almost all of the independent variables (WHtR,
waist and hip circumference, WHR, BMI, and SAD) were associated with each metabolic profile, such
as baseline systolic pressure, diastolic blood pressure, triglyceride levels, blood sugar levels, and HDL.
Only WHR was not associated with diastolic blood pressure (p>0.005).

Table 4 shows the results of the analysis using multiple linear regression to determine
anthropometric indicators that are most associated with each metabolic profile and metabolic
syndrome score. The results showed that BMI was the anthropometric indicator that is most
associated with the metabolic profiles, such as systolic blood pressure (p<0.001), blood sugar
(p<0.05), and HDL (p <0.001). In addition, waist circumference was the anthropometric indicator that
is most associated with triglycerides and metabolic syndrome score (p<0.001). Based on the Adjusted
R?value on the metabolic syndrome score, we found that 37.5% of the metabolic syndrome score was
related to anthropometric indicators, such as WHtR, waist and hip circumference, WHR, BMI, and

SAD. The rest may be influenced by other variables that are not included in this study.
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The correlation test results indicated that all anthropometric indicators had a positive
relationship with the metabolic syndrome scores with p <0.001. Meanwhile, the regression analyses
show that BMI and WHR were inversely related to cMetS. This is in line with research that reported
an increase in the WHR value could be associated with the risk of metabolic syndrome in children
and adolescents in Florida (Moore et al., 2015). Another study revealed that there was a strong
relationship between overweight and obese adolescents with metabolic syndrome (Al-Bachir and
Bakir, 2017). Furthermore, a study on adolescents in South Africa found that central obesity as
measured by the hip circumference could lead to an increased risk of cardiovascular diseases and
death. Therefore, hip circumference and waist circumference can be used to predict the risk of
cardiovascular diseases and death in the future (Cameron et al., 2012).

Body Mass Index (BMI) is the most widely used indicator of measurement in epidemiological
studies and is used as a substitute for evaluating body composition. However, BMI cannot distinguish
fat from fat mass and lean mass, and it fails to show the presence of adipose and body fat distribution
(Ofer et al., 2019; Leone et al., 2020). However, the BMI cut-offs for metabolic syndrome have not
yet been determined (Ofer et al., 2019). Obesity in adolescents is generally assessed using a BMI of
>25.0 kg/m?2. In this study, we only divided the subjects into normal nutritional status (18.5-25 kg/m?)
and obesity (>25.0 kg/m?), and we found that 35.6% of the subjects were obese. The finding is in line
with the research on the subject of students at Universitas Diponegoro aged 18-21 years. They found
that 40% of their study population had obesity level | and 36.3% had obesity level Il (Rose et al.,
2020).

Abdominal obesity is often assessed to determine a metabolic syndrome in people. One of the
indicators used to measure abdominal obesity is the Waist-to-Hip Ratio (WHR) which is calculated by
dividing the waist circumference and the hip circumference. Measurement of waist circumference is
more sensitive in assessing the distribution of body fat in the abdominal wall, which is also a
component of metabolic syndrome. The limit of the WHR value for a female is > 0.85 (Rokhmabh, et
al., 2015). This study shows that every 1% increase in the WHR value will increase the cMetS value
by 10.411. Hip circumference is also an indicator that has a strong correlation with cMetS, but many
studies have used it as a ratio along with waist circumference for assessing a person's central obesity

status.

4. Conclusion
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Metabolic syndrome in female students can be identified using anthropometric measurements, one
of which is BMI and WHR which are very easy to measure and efficient. BMI and WHR have the
strongest relationship and can be used to detect early risk of metabolic syndrome in female college

students.
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Table 1. Minimum, maximum, average and standard deviation

Variable Minimum Maximum  Mean SD
Anthropometric Indicators

WHIR (ratio) 0.37 0.71 0.51 0.07
WHR (ratio) 0.67 0.96 0.80 0.06
BMI (kg/m?) 15.81 39.30 24.04 4.72
Sagital Abdominal Diameter (cm) 11.35 25.50 16.79 2.42
Hip Circumference (cm) 80.60 138.45 98.96 9.30
Waist Circumference (cm) 58.00 112.10 79.44 10.78
Metabolic Profiles

Blood Glucose Levels (mg/dL) 66.00 110.00 92.00 7.59
Trygliceride Levels (mg/dL) 29.00 309.00 88.35 44.68
Cholesterol HDL Levels (mg/dL) 36.00 109.00 61.73 26.43
Systolic Blood Pressure (mmHg) 84.00 144.00 114.63 11.13
Diastolic Blood Pressure (mmHg) 55.00 178.00 82.40 55.52
cMetS (Score of Metabolic Syndrome)  -7.10 11.93 0.01 2.90
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Table 2. Anthropometric overview and components of metabolic syndrome

Characteristics n %

Anthropometric

Body Mass Index (BMI)

Underweight (< 18.5 kg/m?) 6 3.7

Normal (18.5 — 22.9 kg/m?) 71 436
Overweight (23-24.9 kg/m?) 28 17.2
Obese (225.0 kg/m?) 58 35.6

Waist Height Ratio (WHtR)
Normal (<0.50) 45 27.6
At Risk (20.50) 118 72.4
Waist Hip Ratio
Normal (<0.85) 127 779
Central Obesity (>0.85) 36 221
Sagital Abdominal Diameter (SAD)
Normal (<19.3 cm) 143 87.7
At Risk (>19.3 cm) 20 123
Wait Circumference
Normal (<80 cm) 73 4438
Obese (<80 cm) 90 55.2
Metabolic Profiles

Blood Glucose Levels

Normal (<110 mg/dL) 136 83.4

High (2110 mg/dL) 27 16.6
Triglycerides

Normal (<150 mg/dL) 149 914

High (2150 mg/dL) 14 8.6

Cholesterol HDL
Normal (2150 mg/dL) 135 82.8
Low (<150 mg/dL) 28 17.2

Sistolic Blood Pressure
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Normal (<130 mg/dL)
High (2130 mg/dL)
Diastolic Blood Pressure
Normal (<85 mg/dL)
High (=85 mg/dL)
cMetS (Score of Metabolic Syndrome)
Normal (<2.21)
At Risk (22.21)
Metabolic Types
Metabolic Unhealthy Normal Weight (MUNW)
Metabolic Healthy Normal Weight (MHNW)
Metabolic Unhealthy Obese Weight (MUOW)
Metabolic Healthy Obese Weight (MHOW)

136
27

128
35

109
54

88
38
20

83.4
16.6

78.5
215

66.9
33.1

10.4
54

233
123
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Table 3. The relationship between anthropometric indicators and metabolic profiles (blood pressure,

triglycerides, blood sugar, HDL and metabolic syndrome scores)

Commented [VN1]: Rather than bold the p-value that

Variable  Systolic BP Diastolic BP TG Blood Glucose HDL cMetS table note, p-value<0.05/0.01 indicates significant
r p r p r p r p r p r p difference.
WHtR 0.358 <0.001 0.306 <0.001 0.289 <0.001 0.210 0.007 -0.266 0.001 0.599 <0.001
BMI 0370 <0.001 0.313 <0.001 0.315 <0.001 0.221 0.005 -0.292 <0.001 0.600 <0.001
SAD 0.352 <0.001 0.284 <0.001 0.278 <0.001 0.191 0.015 -0.264 0.001 0.575 <0.001
wcC 0.377 <0.001 0.284 <0.001 0.295 <0.001 0.212 0.005 -0.243 0.002 0.616 <0.001
HC 0.369 <0.001 0.332 <0.001 0.302 <0.001 0.179 0.002 -0.273 <0.001 0.581 <0.001
WHR 0.244 0.002 0.128 0.104 0.194 0.013 0.172 0.028 -0.149 0.048 0.415 <0.001

showed significant difference, you should indicate in the
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Table 4. Anthropometric indicators most associated with metabolic components and metabolic

syndrome scores

Variable Systolic BP

Constant usc? p1° p2° dAdjusted R?
BMI 91.759 0.951 <0.001 <0.001 0.158

Blood Glucose Levels

Constant usc? p1° p2° Adjusted R?
BMI 83.454 0.355 0.005 <0.001 0.043

HDL

Constant usc? p1® p2° Adjusted R?
BMI 81.429 -0.819 <0.001 <0.001 0.080

Triglycerides

Constant usc? p1® p2° Adjusted R?
wcC -6.614 1.195 <0.001 <0.001 0.078

Score of Metabolic Syndrome

Constant usc? p1® p2° Adjusted R?
wWcC -13.163 0.166 <0.001 <0.001 0.375

aUnstandardized Coefficient, ° p-value, ¢ p F-Test (ANOVA), °coefficient of determination
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Abstract

Metabolic syndrome is not a disease but is a set of several disorders and causes an increased risk of
cardiovascular disease and diabetes mellitus complications. Several studies have shown that non-invasive
approaches such as anthropometric measurements can be used for the early detection of metabolic
syndrome. This study aimed to analyse the anthropometric indicators related to metabolic syndrome in

female college students. The design of this research was cross sectional, with the number of subjects
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involved were as many as 163 female college students aged 19 to 24 years old. Purposive sampling was
used in the sampling of this research. The independent variables in this study were the Waist-to-Height
Ratio (WHtR), Waist-Hip Ratio (WHR), Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and hip
circumference. The dependent variable in this study is the metabolic syndrome component that has been
converted into a metabolic syndrome score (cMetS). The analysis results showed that all anthropometric
indicators, namely WHtR, BMI, SAD, waist circumference, hip circumference and WHR have a strong
positive relationship with the metabolic syndrome score (p<0.001). BMI was the anthropometric indicator
that is most associated with the metabolic profiles, such as systolic blood pressure (p<0.001), blood sugar
(p<0.05), and HDL (p<0.001). Waist circumference was the anthropometric indicator that is most
associated with triglycerides and metabolic syndrome score (p<0.001). Metabolic syndrome in female
college students can be identified using anthropometric measurements, one of which is BMI and WHR
which are very easy to measure and efficient. BMI and WHR have the strongest relationship and can be

used to detect early risk of metabolic syndrome in female college students.

Keywords: Adolescent, Anthropometric indicator, Female, Metabolic profile, Metabolic syndrome

1. Introduction

Metabolic syndrome is a set of body metabolic disorders such as dyslipidemia, hyperglycemia,
hypertension, and central obesity (Srikanthan et al., 2016; Devi et al., 2017; Christijani, 2019).
Metabolic syndrome is not a disease but is a set of several disorders that causes an increased risk of
cardiovascular disease and diabetes mellitus complications. Some epidemiological studies have
shown that metabolic syndrome doubles the risk of cardiovascular diseases (Sri Rahayu and Maulina,

2017).

Indonesia as a developing country cannot be separated from the existing nutritional problems in
the world, including the incidence of obesity and metabolic syndrome. Several studies found that the
prevalence of metabolic syndrome keeps increasing every year. A study in China showed the
prevalence of metabolic syndrome in adults was 24.2% (Li et al., 2018). Another study indicated that
the prevalence of metabolic syndrome in Indonesia was 21.66% (Herningtyas and Ng, 2019). In recent
studies, metabolic syndrome can be assessed using the continuous value of metabolic syndrome
(cMets) or the metabolic syndrome score recommended by the American Diabetic Association of

Diabetes. The metabolic syndrome score is a z-score resulting from the assessment of all components
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of the metabolic syndrome (Pratiwi, et al., 2017). The advantages of using cMetS are (1) reducing
dichotomization factors because cardiovascular disease is a progression of several components of
the metabolic syndrome, (2) cMetS is more sensitive and less error-prone than categoric metabolic

syndrome assessments, (3) increasing the statistical power (Okosun et al., 2010b).

Central obesity is one of the components of metabolic syndrome parameters. Central obesity is
associated with increased blood pressure, serum triglycerides, decreased HDL, and glucose
intolerance. Based on the National Basic Health Research (Riskesdas) in 2018, the prevalence of
obesity in adults was 21.8%, and the prevalence of central obesity at age of more than 15 years
increased from 26.6% in 2013 to 31% in 2018 (Badan Penelitian dan Pengembangan Kesehatan,
2018). Obesity is closely related to degenerative diseases. Riskesdas (2018) showed that the
prevalence of stroke, diabetes mellitus, heart disease, and hypertension is higher in women than

men.

Several studies have shown that non-invasive approaches such as anthropometric measurements
can be used for the early detection of metabolic syndrome (Pratiwi, et al., 2017). Anthropometric
measurements are described as the measurements of body dimensions and body composition to
assess nutritional status. The advantages of anthropometric measurements are relatively fast and
easy, as they can be performed using portable and calibrated instruments with standardized methods
(Rokhmah, et al., 2015). Some anthropometric measurements that can be used for early detection
of metabolic syndrome are Waist-to-Height Ratio (WHtR), waist-to-hip ratio (WHR), hip

circumference, Body Mass Index (BMI), Sagital Abdominal Diameter (SAD).

One of the anthropometric measurements which can be a parameter for central obesity is the
ratio of waist circumference to height (WHtR). The instruments used in the measurement are
microtoise and measuring tape, which take a longer time. Studies on waist circumference have been
shown to have a strong correlation with abdominal fat deposits (Zhou et al., 2014). The distribution
of abdominal adipose tissue (central obesity) in adults is associated with a component of the
metabolic syndrome (Rodea-Montero, et al., 2014). A study on adult subjects has shown that people
who have the same waist circumference but are shorter in height have a greater risk of developing
metabolic syndrome than taller people (Zhou et al., 2014). Therefore, WHtR can be used as a simple
and effective anthropometric index to identify the metabolic risk associated with obesity (Rodea-

Montero, et al., 2014).
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The Waist-To-Hip Ratio (WHR) is a measurement that may indicate central obesity (Karimah,
2018). The higher the WHR value, the higher the risk level for several metabolic diseases. The Waist-
To-Hip Ratio is calculated by dividing the measurement of the waist circumference by the
circumference of the hip. The cut-off points for WHR are 21.0 for men and >0.85 for women
(Rokhmah et al., 2015). Individuals with a high waist and hip circumference will also have a higher
distribution of fat in their abdominal area. Irregular fats distribution in the abdominal area indirectly
causes higher triglyceride levels circulating in the blood, which will affect blood pressure
(Sumardiyono et al., 2018). WHR measurement is more sensitive in assessing the distribution of fat
in the body, especially in the abdomen. This measurement is three times better than BMl in reflecting
the presence of harmful fats in the abdomen. Measurement of waist circumference is performed by

determining the lower part of arcus costae and crista iliaca (Sri Rahayu and Maulina, 2017).

Body Mass Index (BMI) is a practical and easy measurement to perform, but it cannot distinguish
between fat mass, bone mass and muscle mass. BMI is calculated as body weight (kg) / height
squared (m?) (Okura et al., 2018). BMI can be used as the first measurement before any other

anthropometric measurements.

Sagittal Abdominal Diameter (SAD) or the height of the abdomen while the subjects are in a lying
position. This anthropometric measurement has not been widely used to measure fat tissue in the
abdominal area. SAD measurements using computed tomography or magnetic resonance imaging,
and are associated with components of metabolic syndrome. The measurements of SAD are taken
when the subject is lying down on the examination table with a naked upper body. SAD is related to
central obesity in individuals with obesity and normal nutritional status. Furthermore, SAD is
associated with diabetes mellitus and a predictor of cardiovascular disease incidence, even when SAD
is measured in a standing position (Pajunen et al., 2013). Based on the above-mentioned problems,
our study aimed to analyze the anthropometric indicators related to metabolic syndrome in female

college students.

2. Materials and methods
2.1 Design, location, and time
A cross-sectional study design and this research was conducted from March to July 2020.

Anthropometric and biochemical data were collected at the Cito Laboratory, Banyumanik Semarang
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with health protocols applied. This study was approved by the Medical/Health Research Bioethics
Commission, Faculty of Medicine, Sultan Agung Islamic University Semarang with Number No.296 /IX

/2020 /Bioethical Commission.

2.2 Samplings

This study was conducted during the SARS-CoV-2 outbreak, which later was named COVID-19 by
the WHO, hence the registration for study participants was done online. Purposive sampling was used
in this study and the total number of subjects required was 163. Samples are selected based on
inclusion criteria, such as voluntary to be research subjects, female college students in Semarang City,
aged 19-24 years in Semarang, not consuming alcohol, not smoking, and voluntary to follow a series
of study instructions. Exclusion criteria are subjects who withdraw and those who are ill during the
research study. Based on the exclusion criteria mentioned, no subjects are included in the exclusion
criteria. Subjects were asked to fill in personal data using a Google Form, and eligible subjects will be
contacted by the researchers to plan a direct meeting.

The health protocol applied during the anthropometric and biochemical data collection process,
consisted of the subject filling out a COVID-19 sign/symptom screening questionnaire, the subject
was checked for temperature, the subject washed hands before entering the room, the distance
between subjects was at least 1 meter, the subject and researcher used a mask and face shield.
Researchers used gloves and protective clothing. During the study, hand sanitisers were provided,

and anthropometric tools that were on the subject's skin were wiped with alcohol.

2.3 Data collected
The independent variables in this study were the Waist-to-Height Ratio (WHtR), Waist-Hip Ratio
(WHR), Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and hip circumference. Weight
and height data were obtained through direct measurements using a digital stamp scale GEA brand
with an accuracy of 0.1 kg and microtoise with an accuracy of 0.1 cm. Waist circumference and hip
circumference were measured using a measuring tape (Medline) to the nearest 1 mm and abdominal
height was measured using the Abawerk Schaffenburg abdominal calliper to the nearest 1 mm. SAD
measurements were performed with the subject in a supine position on a flat surface with both knees
forming an angle of 90° (Firouzi et al, 2018). Anthropometric data were collected by trained

enumerators.
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The cut-off point used in this study refers to previous studies because it had been adjusted for the
Asian race (Rose et al., 2020). Each anthropometric measurement is stated as “at-risk” if the
individuals have >0.50 for WHtR (Zhang et al., 2016), > 0.85 for WHR (Rokhmah et al., 2015), > 19.3
cm for Sagital Abdominal Diameter (SAD) (Dieny et al., 2020), and have the normal to overweight
BMI (18.5 - 25 kg/m?) or obese BMI (225.0 kg/m?) (Susetyowati, 2016).

The dependent variable in this study is the metabolic syndrome component that has been
converted into a metabolic syndrome score (cMetS) with the cut-off point of cMetS> 2.21 (Rose et
al., 2020). The guidelines for metabolic syndrome in this study are taken from the National
Cholesterol Education Program-Adult Treatment Panel (NCEP-ATP IlI) 2005 which has been
frequently used in Indonesia. There are 5 parameters to assess metabolic syndrome: (1) fasting blood
glucose levels 2110 mg/dL, (2) triglyceride levels 2150 mg/dL (3) HDL cholesterol levels <50 mg/dL,
(4) central obesity in women with waist circumference 280 ¢cm, and (5) systolic and diastolic blood
pressures 2130 mmHg and 285 mmHg, respectively (Soewondo et al., 2010). The calculation of the
metabolic syndrome score (cMetS) was done in the following steps: (1) after measuring all
parameters of the metabolic syndrome, standardisation was carried out to obtain a Z-score; (2) the
blood pressure must be converted into Mean Arterial Blood (MAP) by dividing the difference
between systolic and diastolic blood pressure by three and summed with the diastolic blood
pressure; (3) the HDL cholesterol standardization results were multiplied by (-1) because the
parameter was inversely related to the risk of metabolic syndrome; (4) All Z-scores were added to
obtain the cMetS values; (5) The final step was to compare the cMetS values with the cut-off point
of 22,21 (Eisenmann et al., 2010; Okosun et al., 2010a; Rose et al., 2020). The subjects were
instructed to do fasting for at least 8 hrs, only drinking water was permitted.

Other than the cMetS score, metabolic syndrome risk can also be assessed from the classification
of metabolic types. This classification combines the internal and external signs of the body such as
biochemical parameters, the ratio of subcutaneous fat to abdominal fat, and blood pressure (Prybyla
0, 2020). The main phenotypes that reflect the possible combination of metabolic profile and the
degree of obesity are metabolic healthy obese weight, metabolic healthy normal weight, metabolic

unhealthy normal weight, and metabolic unhealthy normal weight.

2.4 Data analysis
All data were analyzed using computer programs and statistical analyses were performed using

SPSS statistical software version 22. Univariate analysis was used to describe subjects characteristics.
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The normality test of the data using the Kolmogorov-Smirnov test was carried out before testing the
hypothesis. The relationship of anthropometric indicators with metabolic profile (Blood Pressure,
Triglycerides, Blood Sugar, HDL and metabolic syndrome scores) was determined using the Person
correlation test. Furthermore, Anthropometric indicators that are most related to the metabolic

component and metabolic syndrome score were analyzed using the Multiple Linear Regression test.

Results and discussion

The subject characteristics measured in female students aged 19-24 vyears include age,
anthropometric indicators, and metabolic syndromes. Table 1 shows the characteristics of the study
subjects. The mean WHtR value in this study was 0.51. Meanwhile, the mean WHR was 0.80; the mean
BMI was 24.04 kg/m?; the mean SAD was 16.79 cm, and the mean waist circumference was 79.44 cm.

Table 2 shows the various nutritional status of the subjects based on BMI. It was found that 43.6%
of the subjects had normal BMI, 17.2% were overweight and 35.6% were obese. Based on the WHtR
anthropometric indicator, 72.4% of subjects were at risk of having obesity, based on WHR, 22.1% had
central obesity, based on BMI, 35.6% were obese, based on SAD 12.3% of the subjects were at risk,
and based on waist circumference 55.2% had central obesity. According to the metabolic profile that
was assessed, 16.6% had high Fasting Blood Glucose levels, 8.6% had hypertriglycerides, 17.2% had
low HDL, and 16.6% had high systolic blood pressure, and 21.5% had high diastolic blood pressure. In
addition, we found that 33.1% of the subjects had high metabolic syndrome (cMetS) scores. This
proportion was similar to the assessment based on the metabolic type of unhealthy subjects (subjects
who had 2 3 risk factors of the metabolic profile), which was 33.7%. Moreover, two subjects had five
risk factors: abdominal obesity, hypertension, hyperglycemia, hypertriglycerides, and low HDL.

The objective of this study was to determine the anthropometric indicators associated with
metabolic syndromes in female students. The study included 163 female students aged 19-24 years.
The students are in their late adolescents who begin to have an independent life. Inappropriate and
unhealthy eating behaviour will have an impact on the student’s nutritional status. Excessive
nutritional status and obesity will affect student’s body metabolism. Based on the study results, 33.1%
of the subjects had a high metabolic syndrome (cMetS) score. In line with the previous study
conducted in 2019 on 18-to-21-year-old students at Universitas Diponegoro, 20% of the subjects had
high cMetS (Rose et al., 2020). Meanwhile, a study conducted by Pratiwi et al in 2017 using secondary
data from the National Basic Health Research 2013 found that 19.98% of adolescents aged 15-24 years
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had high cMetS (Pratiwi, et al., 2017). To conclude, there is a trend of Metabolic Syndrome Score
(cMetS) among young women in Semarang.

The assessment of metabolic syndrome using a continuous type (scoring) rather than using a
dichotomy or binary (“yes” and “no”) is recommended (Christijani, 2019). An adolescent can be
diagnosed with metabolic syndrome if their Metabolic Syndrome Score (cMetS) >2.21 (Pratiwi, et al.,
2017). Anthropometric indicators used in this study are Waist and Height Ratio (WHtR), Waist-to-Hip
Ratio (WHR), Body Mass Index (BMI), Sagittal Abdominal Diameter (SAD), and Waist Circumference.
Based on the correlation analyses, all anthropometric indicators have a significant positive
relationship with the Metabolic Syndrome Score (cMetS). Furthermore, the multivariate analyses
show that the anthropometric indicators of BMI and WHR are strongly associated with cMetS.

If the metabolic type is considered based on nutritional status (subjects with non-obese BMI
(<25kg/m?) with metabolic healthy and metabolic unhealthy and subjects with obese BMI (> 25kg/m?)
with metabolic healthy and metabolic unhealthy), subjects are categorized as metabolic unhealthy
(experiencing metabolic syndrome) if they fulfil > 3 risk factors including high waist circumference,
blood pressure, fasting blood glucose and triglyceride levels, and low HDL levels. Based on these
criteria, it was found that 10.4% of the subjects had a metabolic unhealthy normal weight (MUNW)
and 23.3% of the subjects had metabolic unhealthy obesity weight (MUOW). Of non-obese subjects,
54% of them were metabolic healthy. Our study also shows that 10.4% of the subjects were classified
as metabolic unhealthy normal weight (MUNW). The subjects’ BMI in this category is in the normal
range but has a high percentage of body fat that makes them at high risk of developing metabolic
disorders (Eckel et al., 2015; Suliga et al., 2015). Several recent cohort studies have shown a greater
risk of type Il diabetes mellitus in individuals with MUNW compared to individuals with MHNW (Arnlév
et al., 2011; Hadaegh et al., 2011; Aung et al., 2014; Jung et al., 2014; Hinnouho et al., 2015). Other
studies have shown that women with the MUNW type have a long-term impact of an increased risk
of cardiovascular diseases such as higher blood pressure, triglyceride and glucose levels as well as
lower levels of adiponectin, HDL, and LDL compared to women with the MHNW type (Kim et al., 2013).

In this study, 23.3% of the subjects belonged to the Metabolic Unhealthy Obese Weight (MUOW)
type. Subjects with this metabolic type have an obese BMI and have a high risk of developing
metabolic disorders. A study conducted in Japan on 29,564 subjects showed that individuals with
MUOW had a greater risk of developing type Il diabetes mellitus compared to individuals with MHOW
(Heianza et al., 2015).
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It was also found that 12.3% of the subjects were categorized as metabolic healthy obese weight
(MHOW). Individuals in this metabolic type have an obese BMI but do not show any metabolic risks.
Given the impact of obesity in relation to the risk of metabolic diseases, various studies have been
conducted to examine the long-term effects of MHOW. Individuals with MHOW had a different fat
distribution pattern (less ectopic and visceral fat), and lower inflammatory markers (Samocha-Bonet
et al., 2014). Other studies also have shown that women with MHOW had lower blood pressure,
triglyceride levels, and glucose levels, but higher levels of HDL, adiponectin, and LDL compared to
women with MUNW (Kim et al., 2013). This condition was associated with good diet quality in
individuals with MHOW. Based on National Health and Nutrition Examination Surveys (NHANES)
data, Camhi et al. (2015) examined the quality of diet in obese subjects and found that adolescents
and adult women with the MHOW metabolic type had higher diet quality scores due to high intake
of fruit, whole grains, meat, and nuts.

Table 3 and Table 4 show the results of statistical analyses on anthropometric indicators related
to metabolic syndromes. Table 3 shows the bivariate statistical analysis using the Pearson correlation
test. The analysis results showed that all anthropometric indicators, namely WHtR, BMI, SAD, waist
circumference, hip circumference and WHR have a strong positive relationship with the metabolic
syndrome score (p<0.001), which means that the higher the anthropometric value, the higher the
metabolic syndrome score. In addition, the analysis of the relationship between anthropometric
indicators and each metabolic profile revealed that almost all of the independent variables (WHtR,
waist and hip circumference, WHR, BMI, and SAD) were associated with each metabolic profile, such
as baseline systolic pressure, diastolic blood pressure, triglyceride levels, blood sugar levels, and HDL.
Only WHR was not associated with diastolic blood pressure (p>0.005).

Table 4 shows the results of the analysis using multiple linear regression to determine
anthropometric indicators that are most associated with each metabolic profile and metabolic
syndrome score. The results showed that BMI was the anthropometric indicator that is most
associated with the metabolic profiles, such as systolic blood pressure (p<0.001), blood sugar
(p<0.05), and HDL (p <0.001). In addition, waist circumference was the anthropometric indicator that
is most associated with triglycerides and metabolic syndrome score (p<0.001). Based on the Adjusted
R?value on the metabolic syndrome score, we found that 37.5% of the metabolic syndrome score was
related to anthropometric indicators, such as WHtR, waist and hip circumference, WHR, BMI, and

SAD. The rest may be influenced by other variables that are not included in this study.
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The correlation test results indicated that all anthropometric indicators had a positive
relationship with the metabolic syndrome scores with p <0.001. Meanwhile, the regression analyses
show that BMI and WHR were inversely related to cMetS. This is in line with research that reported
an increase in the WHR value could be associated with the risk of metabolic syndrome in children
and adolescents in Florida (Moore et al., 2015). Another study revealed that there was a strong
relationship between overweight and obese adolescents with metabolic syndrome (Al-Bachir and
Bakir, 2017). Furthermore, a study on adolescents in South Africa found that central obesity as
measured by the hip circumference could lead to an increased risk of cardiovascular diseases and
death. Therefore, hip circumference and waist circumference can be used to predict the risk of
cardiovascular diseases and death in the future (Cameron et al., 2012).

Body Mass Index (BMI) is the most widely used indicator of measurement in epidemiological
studies and is used as a substitute for evaluating body composition. However, BMI cannot distinguish
fat from fat mass and lean mass, and it fails to show the presence of adipose and body fat distribution
(Ofer et al., 2019; Leone et al., 2020). However, the BMI cut-offs for metabolic syndrome have not
yet been determined (Ofer et al., 2019). Obesity in adolescents is generally assessed using a BMI of
>25.0 kg/m?2. In this study, we only divided the subjects into normal nutritional status (18.5-25 kg/m?)
and obesity (>25.0 kg/m?), and we found that 35.6% of the subjects were obese. The finding is in line
with the research on the subject of students at Universitas Diponegoro aged 18-21 years. They found
that 40% of their study population had obesity level | and 36.3% had obesity level Il (Rose et al.,
2020).

Abdominal obesity is often assessed to determine a metabolic syndrome in people. One of the
indicators used to measure abdominal obesity is the Waist-to-Hip Ratio (WHR) which is calculated by
dividing the waist circumference and the hip circumference. Measurement of waist circumference is
more sensitive in assessing the distribution of body fat in the abdominal wall, which is also a
component of metabolic syndrome. The limit of the WHR value for a female is > 0.85 (Rokhmabh, et
al., 2015). This study shows that every 1% increase in the WHR value will increase the cMetS value
by 10.411. Hip circumference is also an indicator that has a strong correlation with cMetS, but many
studies have used it as a ratio along with waist circumference for assessing a person's central obesity

status.

4. Conclusion
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Metabolic syndrome in female students can be identified using anthropometric measurements, one
of which is BMI and WHR which are very easy to measure and efficient. BMI and WHR have the
strongest relationship and can be used to detect early risk of metabolic syndrome in female college

students.
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Table 1. Minimum, maximum, average and standard deviation

Variable Minimum Maximum  Mean SD
Anthropometric Indicators

WHIR (ratio) 0.37 0.71 0.51 0.07
WHR (ratio) 0.67 0.96 0.80 0.06
BMI (kg/m?) 15.81 39.30 24.04 4.72
Sagital Abdominal Diameter (cm) 11.35 25.50 16.79 2.42
Hip Circumference (cm) 80.60 138.45 98.96 9.30
Waist Circumference (cm) 58.00 112.10 79.44 10.78
Metabolic Profiles

Blood Glucose Levels (mg/dL) 66.00 110.00 92.00 7.59
Trygliceride Levels (mg/dL) 29.00 309.00 88.35 44.68
Cholesterol HDL Levels (mg/dL) 36.00 109.00 61.73 26.43
Systolic Blood Pressure (mmHg) 84.00 144.00 114.63 11.13
Diastolic Blood Pressure (mmHg) 55.00 178.00 82.40 55.52
cMetS (Score of Metabolic Syndrome)  -7.10 11.93 0.01 2.90
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Table 2. Anthropometric overview and components of metabolic syndrome

Characteristics n %

Anthropometric

Body Mass Index (BMI)

Underweight (< 18.5 kg/m?) 6 3.7

Normal (18.5 — 22.9 kg/m?) 71 436
Overweight (23-24.9 kg/m?) 28 17.2
Obese (225.0 kg/m?) 58 35.6

Waist Height Ratio (WHtR)
Normal (<0.50) 45 27.6
At Risk (20.50) 118 72.4
Waist Hip Ratio
Normal (<0.85) 127 779
Central Obesity (>0.85) 36 221
Sagital Abdominal Diameter (SAD)
Normal (<19.3 cm) 143 87.7
At Risk (>19.3 cm) 20 123
Wait Circumference
Normal (<80 cm) 73 4438
Obese (<80 cm) 90 55.2
Metabolic Profiles

Blood Glucose Levels

Normal (<110 mg/dL) 136 83.4

High (2110 mg/dL) 27 16.6
Triglycerides

Normal (<150 mg/dL) 149 914

High (2150 mg/dL) 14 8.6

Cholesterol HDL
Normal (2150 mg/dL) 135 82.8
Low (<150 mg/dL) 28 17.2

Sistolic Blood Pressure
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Normal (<130 mg/dL)
High (2130 mg/dL)
Diastolic Blood Pressure
Normal (<85 mg/dL)
High (=85 mg/dL)
cMetS (Score of Metabolic Syndrome)
Normal (<2.21)
At Risk (22.21)
Metabolic Types
Metabolic Unhealthy Normal Weight (MUNW)
Metabolic Healthy Normal Weight (MHNW)
Metabolic Unhealthy Obese Weight (MUOW)
Metabolic Healthy Obese Weight (MHOW)

136
27

128
35

109
54

88
38
20

83.4
16.6

78.5
215

66.9
33.1

10.4
54

233
123
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|Tab|e 3. The relationship between anthropometric indicators and metabolic profiles (blood pressure,

triglycerides, blood sugar, HDL and metabolic syndrome scores)l

Commented [VN1]: Rather than bold the p-value that

showed significant difference, you should indicate in the

Variable  Systolic BP Diastolic BP TG Blood Glucose HDL cMetS table note, p-value<0.05/0.01 indicates significant

difference.
r p r P r p r p r P r P \(

Commented [A2R1]: revised

WHtR 0.358 <0.001°* 0.306 <0.001° 0.289 <0.001°* 0.210 0.007° -0.266 0.001° 0.599 <0.0bT

BMI 0.370 <0.001° 0.313 <0.001° 0.315 <0.001° 0.221 0.005° -0.292 <0.001° 0.600 <0.001°

SAD 0.352 <0.001° 0.284 <0.001° 0.278 <0.001° 0.191 0.015° -0.264 0.001° 0.575 <0.001°

WC 0.377 <0.001° 0.284 <0.001° 0.295 <0.001°* 0.212 0.005° -0.243 0.002° 0.616 <0.001°

HC 0.369 <0.001° 0.332 <0.001° 0.302 <0.001° 0.179 0.002° -0.273 <0.001° 0.581 <0.001°

WHR 0.244 0.002* 0.128 0.104 0.194 0.013° 0.172 0.028° -0.149 0.048° 0.415 <0.001°

¢ = Significant, p-value <0.05 indicates there is a significant relationship

235



Table 4. Anthropometric indicators most associated with metabolic components and metabolic

syndrome scores

Variable Systolic BP

Constant usc? p1° p2° dAdjusted R?
BMI 91.759 0.951 <0.001 <0.001 0.158

Blood Glucose Levels

Constant usc? p1° p2° Adjusted R?
BMI 83.454 0.355 0.005 <0.001 0.043

HDL

Constant usc? p1® p2° Adjusted R?
BMI 81.429 -0.819 <0.001 <0.001 0.080

Triglycerides

Constant usc? p1® p2° Adjusted R?
wcC -6.614 1.195 <0.001 <0.001 0.078

Score of Metabolic Syndrome

Constant usc? p1® p2° Adjusted R?
wWcC -13.163 0.166 <0.001 <0.001 0.375

aUnstandardized Coefficient, ° p-value, ¢ p F-Test (ANOVA), 9 coefficient of determination

236



Food Research (2022) : pp - pp

Journal homepage: https://www.myfoodresearch.com

FOOD
RESEARCH

Anthropometry indicators that are most related to metabolic profiles in female
college students

1’2’*Dieny, F.F., 'Rose S., "*Tsani, A.F.A., 1Jauharany, F.F. and "“*Fitranti, D.Y.

'Department of Nutrition Science, Faculty of Medicine, Universitas Diponegoro, Indonesia
?Center of Nutrition Research (CENURE), Faculty of Medicine, Universitas Diponegoro, Indonesia

Article history:

Received: 2 June 2021
Received in revised form: 8
July 2021

Accepted: 27 September 2021
Available Online:

Abstract

Metabolic syndrome is not a disease but is a set of several disorders and causes an
increased risk of cardiovascular disease and diabetes mellitus complications. Several
studies have shown that non-invasive approaches such as anthropometric measurements

can be used for the early detection of metabolic syndrome. This study aimed to analyse the
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anthropometric indicators related to metabolic syndrome in female college students. The
design of this research was cross sectional, with the number of subjects involved were as
many as 163 female college students aged 19 to 24 years old. Purposive sampling was
used in the sampling of this research. The independent variables in this study were the
Waist-to-Height Ratio (WHtR), Waist-Hip Ratio (WHR), Body Mass Index (BMI),
Sagittal Abdominal Diameter (SAD), and hip circumference. The dependent variable in

this study is the metabolic syndrome component that has been converted into a metabolic
syndrome score (cMetS). The analysis results showed that all anthropometric indicators,
namely WHtR, BMI, SAD, waist circumference, hip circumference and WHR have a
strong positive relationship with the metabolic syndrome score (p<0.001). BMI was the
anthropometric indicator that is most associated with the metabolic profiles, such as
systolic blood pressure (p<0.001), blood sugar (p<0.05), and HDL (p<0.001). Waist
circumference was the anthropometric indicator that is most associated with triglycerides
and metabolic syndrome score (p<0.001). Metabolic syndrome in female college students
can be identified using anthropometric measurements, one of which is BMI and WHR
which are very easy to measure and efficient. BMI and WHR have the strongest
relationship and can be used to detect early risk of metabolic syndrome in female college

students.

1. Introduction

Metabolic syndrome is a set of body metabolic
disorders such as dyslipidemia, hyperglycemia,
hypertension, and central obesity (Srikanthan et al.,
2016; Devi et al., 2017; Christijani, 2019). Metabolic
syndrome is not a disease but is a set of several disorders
that causes an increased risk of cardiovascular disease
and  diabetes  mellitus  complications. Some
epidemiological studies have shown that metabolic
syndrome doubles the risk of cardiovascular diseases (Sri
Rahayu and Maulina, 2017).

Indonesia as a developing country cannot be
separated from the existing nutritional problems in the
world, including the incidence of obesity and metabolic
syndrome. Several studies found that the prevalence of
metabolic syndrome keeps increasing every year. A
study in China showed the prevalence of metabolic

*Corresponding author.
Email: fillahdieny@gmail.com

syndrome in adults was 24.2% (Li et al., 2018). Another
study indicated that the prevalence of metabolic
syndrome in Indonesia was 21.66% (Herningtyas and
Ng, 2019). In recent studies, metabolic syndrome can be
assessed using the continuous value of metabolic
syndrome (cMets) or the metabolic syndrome score
recommended by the American Diabetic Association of
Diabetes. The metabolic syndrome score is a z-score
resulting from the assessment of all components of the
metabolic syndrome (Pratiwi, et al., 2017). The
advantages of wusing cMetS are (1) reducing
dichotomization factors because cardiovascular disease
is a progression of several components of the metabolic
syndrome, (2) cMetS is more sensitive and less error-
prone than categoric metabolic syndrome assessments,
(3) increasing the statistical power (Okosun, Lyn, Smith
etal., 2010).
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Central obesity is one of the components of
metabolic syndrome parameters. Central obesity is
associated with increased blood pressure, serum
triglycerides, decreased HDL, and glucose intolerance.
Based on the National Basic Health Research
(Riskesdas) in 2018, the prevalence of obesity in adults
was 21.8%, and the prevalence of central obesity at age
of more than 15 years increased from 26.6% in 2013 to
31% in 2018 (Badan Penelitian dan Pengembangan
Kesehatan, 2018). Obesity is closely related to
degenerative diseases. The prevalence of stroke, diabetes
mellitus, heart disease, and hypertension is higher in
women than men (Badan Penelitian dan Pengembangan
Kesehatan, 2018).

Several studies have shown that non-invasive
approaches such as anthropometric measurements can be
used for the early detection of metabolic syndrome
(Pratiwi, et al., 2017). Anthropometric measurements are
described as the measurements of body dimensions and
body composition to assess nutritional status. The
advantages of anthropometric measurements are
relatively fast and easy, as they can be performed using
portable and calibrated instruments with standardized
methods (Rokhmah, et al., 2015). Some anthropometric
measurements that can be used for early detection of
metabolic syndrome are Waist-to-Height Ratio (WHtR),
waist-to-hip ratio (WHR), hip circumference, Body Mass
Index (BMI), Sagital Abdominal Diameter (SAD).

One of the anthropometric measurements which can
be a parameter for central obesity is the ratio of waist
circumference to height (WHtR). The instruments used
in the measurement are microtoise and measuring tape,
which take a longer time. Studies on waist circumference
have been shown to have a strong correlation with
abdominal fat deposits (Zhou et al., 2014). The
distribution of abdominal adipose tissue (central obesity)
in adults is associated with a component of the metabolic
syndrome (Rodea-Montero, et al., 2014). A study on
adult subjects has shown that people who have the same
waist circumference but are shorter in height have a
greater risk of developing metabolic syndrome than taller
people (Zhou et al., 2014). Therefore, WHtR can be used
as a simple and effective anthropometric index to
identify the metabolic risk associated with obesity
(Rodea-Montero, et al., 2014).

The Waist-To-Hip Ratio (WHR) is a measurement
that may indicate central obesity (Karimah, 2018). The
higher the WHR value, the higher the risk level for
several metabolic diseases. The Waist-To-Hip Ratio is
calculated by dividing the measurement of the waist
circumference by the circumference of the hip. The cut-
off points for WHR are >1.0 for men and >0.85 for
women (Rokhmah et al., 2015). Individuals with a high
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waist and hip circumference will also have a higher
distribution of fat in their abdominal area. Irregular fats
distribution in the abdominal area indirectly causes
higher triglyceride levels circulating in the blood, which
will affect blood pressure (Sumardiyono et al., 2018).
WHR measurement is more sensitive in assessing the
distribution of fat in the body, especially in the abdomen.
This measurement is three times better than BMI in
reflecting the presence of harmful fats in the abdomen.
Measurement of waist circumference is performed by
determining the lower part of arcus costae and crista
iliaca (Sri Rahayu and Maulina, 2017).

Body Mass Index (BMI) is a practical and easy
measurement to perform, but it cannot distinguish
between fat mass, bone mass and muscle mass. BMI is
calculated as body weight (kg)/height squared (m?)
(Okura et al., 2018). BMI can be used as the first
measurement before any other anthropometric
measurements.

Sagittal Abdominal Diameter (SAD) or the height of
the abdomen while the subjects are in a lying position.
This anthropometric measurement has not been widely
used to measure fat tissue in the abdominal area. SAD
measurements using computed tomography or magnetic
resonance imaging, and are associated with components
of metabolic syndrome. The measurements of SAD are
taken when the subject is lying down on the examination
table with a naked upper body. SAD is related to central
obesity in individuals with obesity and normal nutritional
status. Furthermore, SAD is associated with diabetes
mellitus and a predictor of cardiovascular disease
incidence, even when SAD is measured in a standing
position (Pajunen ef al., 2013). Based on the above-
mentioned problems, our study aimed to analyze the
anthropometric indicators related to metabolic syndrome
in female college students.

2. Materials and methods
2.1 Design, location, and time

A cross-sectional study design and this research was
conducted from March to July 2020. Anthropometric and
biochemical data were collected at the Cito Laboratory,
Banyumanik Semarang with health protocols applied.
This study was approved by the Medical/Health
Research Bioethics Commission, Faculty of Medicine,
Sultan Agung Islamic University Semarang with Number
No0.296 /IX /2020 /Bioethical Commission.

2.2 Samplings

This study was conducted during the SARS-CoV-2
outbreak, which later was named COVID-19 by the
WHO, hence the registration for study participants was

© 2022 The Authors. Published by Rynnye Lyan Resources
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done online. Purposive sampling was used in this study
and the total number of subjects required was 163.
Samples are selected based on inclusion criteria, such as
voluntary to be research subjects, female college students
in Semarang City, aged 19-24 years in Semarang, not
consuming alcohol, not smoking, and voluntary to follow
a series of study instructions. Exclusion criteria are
subjects who withdraw and those who are ill during the
research study. Based on the exclusion criteria
mentioned, no subjects are included in the exclusion
criteria. Subjects were asked to fill in personal data using
a Google Form, and eligible subjects will be contacted
by the researchers to plan a direct meeting.

The health protocol applied during the
anthropometric and biochemical data collection process,
consisted of the subject filling out a COVID-19 signs
and symptoms screening questionnaire, the subject was
checked for temperature, the subject washed hands
before entering the room, the distance between subjects
was at least 1 meter, the subject and researcher used a
mask and face shield. Researchers used gloves and
protective clothing. During the study, hand sanitisers
were provided, and anthropometric tools that were on the
subject's skin were wiped with alcohol.

2.3 Data collected

The independent variables in this study were the
Waist-to-Height Ratio (WHtR), Waist-Hip Ratio
(WHR), Body Mass Index (BMI), Sagittal Abdominal
Diameter (SAD), and hip circumference. Weight and
height data were obtained through direct measurements
using a digital stamp scale GEA brand with an accuracy
of 0.1 kg and microtoise with an accuracy of 0.1 cm.
Waist circumference and hip circumference were
measured using a measuring tape (Medline) to the
nearest | mm and abdominal height was measured using
the Abawerk Schaffenburg abdominal calliper to the
nearest | mm. SAD measurements were performed with
the subject in a supine position on a flat surface with
both knees forming an angle of 90° (Firouzi et al., 2018).
Anthropometric  data collected by trained
enumerators.

WEre

The cut-off point used in this study refers to previous
studies because it had been adjusted for the Asian race
(Rose et al., 2020). Each anthropometric measurement is
stated as “at-risk” if the individuals have >0.50 for
WHtR (Zhang et al., 2016), >0.85 for WHR (Rokhmah
et al., 2015), >19.3 cm for Sagital Abdominal Diameter
(SAD) (Dieny et al., 2020), and have the normal to
overweight BMI (18.5 - 25 kg/m?) or obese BMI (>25.0
kg/m?) (Susetyowati, 2016).

The dependent variable in this study is the metabolic
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syndrome component that has been converted into a
metabolic syndrome score (cMetS) with the cut-off point
of cMetS >2.21 (Rose et al., 2020). The guidelines for
metabolic syndrome in this study are taken from the
National ~ Cholesterol ~ Education = Program-Adult
Treatment Panel (NCEP-ATP III) 2005 which has been
frequently used in Indonesia. There are 5 parameters to
assess metabolic syndrome: (1) fasting blood glucose
levels >110 mg/dL, (2) triglyceride levels >150 mg/dL
(3) HDL cholesterol levels<50 mg/dL, (4) central obesity
in women with waist circumference >80 cm, and (5)
systolic and diastolic blood pressures >130 mmHg and
>85 mmHg, respectively (Soewondo et al., 2010). The
calculation of the metabolic syndrome score (cMetS)
was done in the following steps: (1) after measuring all
parameters of the metabolic syndrome, standardisation
was carried out to obtain a Z-score; (2) the blood
pressure must be converted into Mean Arterial Blood
(MAP) by dividing the difference between systolic and
diastolic blood pressure by three and summed with the
diastolic blood pressure; (3) the HDL cholesterol
standardization results were multiplied by (-1) because
the parameter was inversely related to the risk of
metabolic syndrome; (4) All Z-scores were added to
obtain the cMetS values; (5) The final step was to
compare the cMetS values with the cut-off point of >2,21
(Eisenmann et al., 2010; Okosun, Boltri, Lyn et al,
2010; Rose et al., 2020). The subjects were instructed to
do fasting for at least 8 hrs, only drinking water was
permitted.

Other than the cMetS score, metabolic syndrome risk
can also be assessed from the classification of metabolic
types. This classification combines the internal and
external signs of the body such as biochemical
parameters, the ratio of subcutaneous fat to abdominal
fat, and blood pressure (Prybyla, 2020). The main
phenotypes that reflect the possible combination of
metabolic profile and the degree of obesity are metabolic
healthy obese weight, metabolic healthy normal weight,
metabolic unhealthy normal weight, and metabolic
unhealthy normal weight.

2.4 Data analysis

All data were analyzed using computer programs and
statistical analyses were performed using SPSS statistical
software version 22. Univariate analysis was used to
describe subjects characteristics. The normality test of
the data using the Kolmogorov-Smirnov test was carried
out before testing the hypothesis. The relationship of
anthropometric indicators with metabolic profile (Blood
Pressure, Triglycerides, Blood Sugar, HDL and
metabolic syndrome scores) was determined using the
Person correlation test. Furthermore, Anthropometric

© 2022 The Authors. Published by Rynnye Lyan Resources
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indicators that are most related to the metabolic
component and metabolic syndrome score were analyzed
using the Multiple Linear Regression test.

3. Results and discussion

The subject characteristics measured in female
students aged 19-24 years include age, anthropometric
indicators, and metabolic syndromes. Table 1 shows the
characteristics of the study subjects. The mean WHtR
value in this study was 0.51. Meanwhile, the mean WHR
was 0.80; the mean BMI was 24.04 kg/mz; the mean
SAD was 16.79 cm, and the mean waist circumference
was 79.44 cm.

Table 2 shows the various nutritional status of the
subjects based on BMI. It was found that 43.6% of the
subjects had normal BMI, 17.2% were overweight and
35.6% were obese. Based on the WHtR anthropometric
indicator, 72.4% of subjects were at risk of having
obesity, based on WHR, 22.1% had central obesity,
based on BMI, 35.6% were obese, based on SAD 12.3%
of the subjects were at risk, and based on waist
circumference 55.2% had central obesity. According to
the metabolic profile that was assessed, 16.6% had high
Fasting  Blood  Glucose levels, 8.6%  had
hypertriglycerides, 17.2% had low HDL, and 16.6% had
high systolic blood pressure, and 21.5% had high
diastolic blood pressure. In addition, we found that
33.1% of the subjects had high metabolic syndrome
(cMetS) scores. This proportion was similar to the
assessment based on the metabolic type of unhealthy
subjects (subjects who had >3 risk factors of the
metabolic profile), which was 33.7%. Moreover, two
subjects had five risk factors: abdominal obesity,
hypertension, hyperglycemia, hypertriglycerides, and
low HDL.

The objective of this study was to determine the

anthropometric indicators associated with metabolic
syndromes in female students. The study included 163
female students aged 19-24 years. The students are in
their late adolescents who begin to have an independent
life. Inappropriate and unhealthy eating behaviour will
have an impact on the student’s nutritional status.
Excessive nutritional status and obesity will affect
student’s body metabolism. Based on the study results,
33.1% of the subjects had a high metabolic syndrome
(cMetS) score. In line with the previous study conducted
in 2019 on 18-to-21-year-old students at Universitas
Diponegoro, 20% of the subjects had high cMetS (Rose
et al., 2020). Meanwhile, a study conducted by Pratiwi et
al in 2017 using secondary data from the National Basic
Health Research 2013 found that 19.98% of adolescents
aged 15-24 years had high cMetS (Pratiwi, et al., 2017).
To conclude, there is a trend of Metabolic Syndrome
Score (cMetS) among young women in Semarang.

The assessment of metabolic syndrome using a
continuous type (scoring) rather than using a dichotomy
or binary (“yes” and “no”) is recommended (Christijani,
2019). An adolescent can be diagnosed with metabolic
syndrome if their Metabolic Syndrome Score (cMetS)
>2.21 (Pratiwi, et al., 2017). Anthropometric indicators
used in this study are Waist and Height Ratio (WHtR),
Waist-to-Hip Ratio (WHR), Body Mass Index (BMI),
Sagittal Abdominal Diameter (SAD), and Waist
Circumference. Based on the correlation analyses, all
anthropometric indicators have a significant positive
relationship with the Metabolic Syndrome Score
(cMetS). Furthermore, the multivariate analyses show
that the anthropometric indicators of BMI and WHR are
strongly associated with cMetS.

If the metabolic type is considered based on
nutritional status (subjects with non-obese BMI (<25kg/
m?”) with metabolic healthy and metabolic unhealthy and

Table 1. Minimum, maximum, average and standard deviation

Variable Minimum Maximum  Mean SD

Anthropometric Indicators

WHIR (ratio) 0.37 0.71 0.51 0.07
WHR (ratio) 0.67 0.96 0.80 0.06
BMI (kg/m?) 15.81 39.30 24.04 4.72
Sagital Abdominal Diameter (cm) 11.35 25.50 16.79 242
Hip Circumference (cm) 80.60 138.45 98.96 9.30
Waist Circumference (cm) 58.00 112.10 79.44 10.78
Metabolic Profiles

Blood Glucose Levels (mg/dL) 66.00 110.00 92.00 7.59
Trygliceride Levels (mg/dL) 29.00 309.00 88.35 44.68
Cholesterol HDL Levels (mg/dL) 36.00 109.00 61.73 26.43
Systolic Blood Pressure (mmHg) 84.00 144.00 114.63 11.13
Diastolic Blood Pressure (mmHg) 55.00 178.00 82.40 55.52
cMetS (Score of Metabolic Syndrome) -7.10 11.93 0.01 2.90
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Table 2. Anthropometric overview and components of
metabolic syndrome

Characteristics n %
Anthropometric
Body Mass Index (BMI)
Underweight (< 18.5 kg/m®) 6 3.7
Normal (18.5 —22.9 kg/m?) 71 436
Overweight (23-24.9 kg/m®) 28 17.2
Obese (>25.0 kg/m?) 58  35.6
Waist Height Ratio (WHtR)
Normal (<0.50) 45 27.6
At Risk (>0.50) 118 72.4
Waist Hip Ratio
Normal (<0.85) 127 77.9
Central Obesity (>0.85) 36 22.1
Sagital Abdominal Diameter (SAD)
Normal (<19.3 cm) 143 87.7
At Risk (>19.3 cm) 20 12.3
Waist Circumference
Normal (<80 cm) 73 44.8
Obese (<80 cm) 90 55.2
Metabolic Profiles
Blood Glucose Levels
Normal (<110 mg/dL) 136 83.4
High (>110 mg/dL) 27 16.6
Triglycerides
Normal (<150 mg/dL) 149  914.0
High (>150 mg/dL) 14 8.6
Cholesterol HDL
Normal (=150 mg/dL) 135 82.8
Low (<150 mg/dL) 28 17.2
Sistolic Blood Pressure
Normal (<130 mg/dL) 136 83.4
High (>130 mg/dL) 27 16.6
Diastolic Blood Pressure
Normal (<85 mg/dL) 128 78.5
High (>85 mg/dL) 35 21.5
cMetS (Score of Metabolic Syndrome)
Normal (<2.21) 109 66.9
At Risk (>2.21) 54 33.1
Metabolic Types
Metabolic Unhealthy Normal Weight 17 104
(MUNW)
Metabolic Healthy Normal Weight
(MHNW) 88 54.0
Metabolic Unhealthy Obese Weight 13 233
(MUOW)
Metabolic Healthy Obese Weight MHOW) 20 12.3

subjects with obese BMI (>25kg/m?®) with metabolic
healthy and metabolic unhealthy), subjects are
categorized as metabolic unhealthy (experiencing
metabolic syndrome) if they fulfil >3 risk factors
including high waist circumference, blood pressure,
fasting blood glucose and triglyceride levels, and low
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HDL levels. Based on these criteria, it was found that
10.4% of the subjects had a metabolic unhealthy normal
weight (MUNW) and 23.3% of the subjects had
metabolic unhealthy obesity weight (MUOW). Of non-
obese subjects, 54% of them were metabolic healthy.
Our study also shows that 10.4% of the subjects were
classified as metabolic unhealthy normal weight
(MUNW). The subjects’ BMI in this category is in the
normal range but has a high percentage of body fat that
makes them at high risk of developing metabolic
disorders (Eckel et al., 2015; Suliga et al., 2015). Several
recent cohort studies have shown a greater risk of type II
diabetes mellitus in individuals with MUNW compared
to individuals with MHNW (Amlév et al, 2011;
Hadaegh et al., 2011; Aung et al., 2014; Jung et al.,
2014; Hinnouho ef al., 2015). Other studies have shown
that women with the MUNW type have a long-term
impact of an increased risk of cardiovascular diseases
such as higher blood pressure, triglyceride and glucose
levels as well as lower levels of adiponectin, HDL, and
LDL compared to women with the MHNW type (Kim et
al.,2013).

In this study, 23.3% of the subjects belonged to the
Metabolic Unhealthy Obese Weight (MUOW) type.
Subjects with this metabolic type have an obese BMI and
have a high risk of developing metabolic disorders. A
study conducted in Japan on 29,564 subjects showed that
individuals with MUOW had a greater risk of developing
type Il diabetes mellitus compared to individuals with
MHOW (Heianza et al., 2015).

It was also found that 12.3% of the subjects were
categorized as nmetabolic healthy obese weight
(MHOW). Individuals in this metabolic type have an
obese BMI but do not show any metabolic risks. Given
the impact of obesity in relation to the risk of metabolic
diseases, various studies have been conducted to
examine the long-term effects of MHOW. Individuals
with MHOW had a different fat distribution pattern (less
ectopic and visceral fat), and lower inflammatory
markers (Samocha-Bonet ef al., 2014). Other studies also
have shown that women with MHOW had lower blood
pressure, triglyceride levels, and glucose levels, but
higher levels of HDL, adiponectin, and LDL compared
to women with MUNW (Kim et al.,, 2013). This
condition was associated with good diet quality in
individuals with MHOW. Based on National Health and
Nutrition Examination Surveys (NHANES) data, Camhi
et al. (2015) examined the quality of diet in obese
subjects and found that adolescents and adult women
with the MHOW metabolic type had higher diet quality
scores due to high intake of fruit, whole grains, meat,
and nuts.

Table 3 and Table 4 show the results of statistical
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Table 3. The relationship between anthropometric indicators and metabolic profiles (blood pressure, triglycerides, blood sugar,

HDL and metabolic syndrome scores)

. Systolic BP Diastolic BP TG Blood Glucose HDL cMetS
Variable
T p r p r p T p T p r p
WHtR  0.358 <0.001° 0.306 <0.001° 0.289 <0.001° 0.210 0.007° -0.266 0.001° 0.599 <0.001°
BMI 0.370 <0.001° 0.313 <0.001° 0.315 <0.001° 0.221 0.005° -0.292 <0.001° 0.600 <0.001°
SAD 0.352 <0.001° 0.284 <0.001° 0.278 <0.001° 0.191 0.015° -0.264 0.001° 0.575 <0.001°
wC 0.377 <0.001° 0.284 <0.001° 0.295 <0.001° 0.212 0.005° -0.243 0.002° 0.616 <0.001°
HC 0.369 <0.001° 0.332 <0.001° 0.302 <0.001° 0.179 0.002° -0.273 <0.001° 0.581 <0.001°
WHR 0244 0.002° 0.128 0.104 0.194 0.013° 0.172 0.028° -0.149 0.048° 0.415 <0.001°

*Significant, p-value<0.05 indicates there is a significant relationship

Table 4. Anthropometric indicators most associated with metabolic components and metabolic syndrome scores

Variable Systolic BP
Constant usc? pl® p2° dAdjusted R?
BMI 91.759 0.951 <0.001 <0.001 0.158
Blood Glucose Levels
Constant usc? pl® p2° Adjusted R?
BMI 83.454 0.355 0.005 <0.001 0.043
HDL
Constant usc? pl® p2° Adjusted R?
BMI 81.429 -0.819 <0.001 <0.001 0.08
Triglycerides
Constant usc? pl® p2° Adjusted R?
wC -6.614 1.195 <0.001 <0.001 0.078
Score of Metabolic Syndrome
Constant usc? pl® p2° Adjusted R?
WwC -13.163 0.166 <0.001 <0.001 0.375

“Unstandardized Coefficient, " p-value, ¢ p F-Test (ANOVA), ¢ coefficient of determination

analyses on anthropometric indicators related to
metabolic syndromes. Table 3 shows the bivariate
statistical analysis using the Pearson correlation test. The
analysis results showed that all anthropometric
indicators, namely WHtR, BMI, SAD, waist
circumference, hip circumference and WHR have a
strong positive relationship with the metabolic syndrome
score (p<0.001), which means that the higher the
anthropometric value, the higher the metabolic syndrome
score. In addition, the analysis of the relationship
between anthropometric indicators and each metabolic
profile revealed that almost all of the independent
variables (WHtR, waist and hip circumference, WHR,
BMI, and SAD) were associated with each metabolic
profile, such as baseline systolic pressure, diastolic blood
pressure, triglyceride levels, blood sugar levels, and
HDL. Only WHR was not associated with diastolic
blood pressure (p>0.005).

Table 4 shows the results of the analysis using
multiple linear regression to determine anthropometric
indicators that are most associated with each metabolic
profile and metabolic syndrome score. The results
showed that BMI was the anthropometric indicator that
is most associated with the metabolic profiles, such as
systolic blood pressure (p<0.001), blood sugar (p<0.05),
and HDL (p<0.001). In addition, waist circumference
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was the anthropometric indicator that is most associated
with triglycerides and metabolic syndrome score
(p<0.001). Based on the Adjusted R* value on the
metabolic syndrome score, we found that 37.5% of the
metabolic syndrome score was related to anthropometric
indicators, such as WHtR, waist and hip circumference,
WHR, BMI, and SAD. The rest may be influenced by
other variables that are not included in this study.

The correlation test results indicated that all
anthropometric indicators had a positive relationship
with the metabolic syndrome scores with p<0.001.
Meanwhile, the regression analyses show that BMI and
WHR were inversely related to cMetS. This is in line
with research that reported an increase in the WHR value
could be associated with the risk of metabolic syndrome
in children and adolescents in Florida (Moore ef al.,
2015). Another study revealed that there was a strong
relationship between overweight and obese adolescents
with metabolic syndrome (Al-Bachir and Bakir, 2017).
Furthermore, a study on adolescents in South Africa
found that central obesity as measured by the hip
circumference could lead to an increased risk of
cardiovascular diseases and death. Therefore, hip
circumference and waist circumference can be used to
predict the risk of cardiovascular diseases and death in
the future (Cameron et al., 2012).
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Body Mass Index (BMI) is the most widely used
indicator of measurement in epidemiological studies and
is used as a substitute for evaluating body composition.
However, BMI cannot distinguish fat from fat mass and
lean mass, and it fails to show the presence of adipose
and body fat distribution (Ofer et al., 2019; Leone et al.,
2020). However, the BMI cut-offs for metabolic
syndrome have not yet been determined (Ofer ef al.,
2019). Obesity in adolescents is generally assessed using
a BMI of >25.0 kg/m”. In this study, we only divided the
subjects into normal nutritional status (18.5-25 kg/m?)
and obesity (>25.0 kg/m?), and we found that 35.6% of
the subjects were obese. The finding is in line with the
research on the subject of students at Universitas
Diponegoro aged 18-21 years. They found that 40% of
their study population had obesity level I and 36.3% had
obesity level I (Rose et al., 2020).

Abdominal obesity is often assessed to determine a
metabolic syndrome in people. One of the indicators
used to measure abdominal obesity is the Waist-to-Hip
Ratio (WHR) which is calculated by dividing the waist
circumference and the hip circumference. Measurement
of waist circumference is more sensitive in assessing the
distribution of body fat in the abdominal wall, which is
also a component of metabolic syndrome. The limit of
the WHR value for a female is >0.85 (Rokhmabh, et al.,
2015). This study shows that every 1% increase in the
WHR value will increase the cMetS value by 10.411.
Hip circumference is also an indicator that has a strong
correlation with cMetS, but many studies have used it as
a ratio along with waist circumference for assessing a
person's central obesity status.

4. Conclusion

Metabolic syndrome in female students can be
identified using anthropometric measurements, one of
which is BMI and WHR which are very easy to measure
and efficient. BMI and WHR have the strongest
relationship and can be used to detect early risk of
metabolic syndrome in female college students.
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Metabolic syndrome Iz not 2 dizsease but 15 a set of several dizorders and causes an
increazed nisk of cardiovascular disease and diabetes mellituz complications. Several
ztudies have shown that non-mvasive approachez such as anthropometric mezsuraments
can be uzad for the earky detection of metabelic syndrome. This study aimed to znalyse the
anthropometric indicators related to metabolic syndrome m femals college students. The
desizn of this research was cross sectional, with the number of subjects 1volved were as
many a5 163 female college students aged 19 to 24 vears old. Purposrre zsamplmg was
uzed m the zampling of this research The mndependent vanables in this study wers the
Waist-to-Height Fatio (WHIE), Waist-Hip Ratio (WHR), Body Maz: Index (BMI),
Bagttal Abdominal Diameter (SADY), and hip circumferance, The dependent variable in
thiz study 15 the metabolic syndrome component that has been converted into 2 metabolic
syndrome score (chietd). The analvzis results showed that all anthropometric mdicators,
nzmely WHiE, BMI, SAD, waist cirenmfersnce, hup cireumfarence and WHE have a
stromz positve relationship with the matabelic svmdrome scora (p=0.001). BMI was the
anthropometric indicator that 1= most associated with the metabolic profiles, such as
zystolic blood pressure (p=0.001), blood sugar (p=0.03), and HDL (p=0.001). Wast
circumferance was the anthropometric indicator that 15 most associated with inglycendes
and metabolic syndrome zeora (pe0.001). Matzbolic syndrome m female college students
can be identified using anthropometric mezsorements, one of which 1= BMI and WHE.
which are very sasy to measure and efficient. BMI and WHE have the strongest
relationship and can be used to detect early nzk of metabolic syndrome in femals college
students.
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