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Abstract. Humans have two kinds of variables related to their health. These variables are age, and fasting glucose level.
It turns out that glucose levels change with time. This study wanted to find model of relationship between age and fasting
glucose level. The models tested were linear model, logarithm model and logaan linear regression model. The model
used is a significant model. Each model was measured for error accuraa using the mean square error (MSE) and Akaike
information criterion (AIC). Criteria for selecting the best model using the smallest MSE and AIC values. The best model
is the logarithm linear model. The fastest prediction time for someone suffering from prediabetes is 51 years. Therefore,
starting from that age a person needs to be careful to maintain his glucose levels in order to avoid diabetes.

INTRODUCTION

There are data on people with four variables are body mass index, age, cholesterol, and fasting glucose level [1,
2]. Based on data processing, it turns out that fasting glucose level is affected by age. Therefore, this study wants to
find the right model to find the distribution between age and fasting glucose level. The models used are linear and
nonlinear models. For linear model using the simple linear regression model, while nonlinear models using the
logarithm model and their combinations.

A simple linear remssi()n model is a regression model that has only one predictor. The logarithm model is a model
with a base function in the form of a logarithm function, while the combined model is a combination of a logarithm
model with a simple linear regression model. All of these models were used to predict the value of fasting glucose
level toward age. The fasting glucose levellue can be used to predict when a person will be diagnosed with
prediabetes. The person is diagnosed with prediabetes, if the fasting glucose level is between 100-125 mg/dL [3].
Prediabetes is a disease where a person has an abnormality in metabolism of glucose level. If it be treated, it is possible
to becoe a normal or healthy person. But if it is not guarded, it can become diabetes.

The mean square error (MSE) and Akaikmformation criterion (AIC) methods are used to measure the accuracy
of model to predict the response value [4]. The mean square error method is a method of measuring the result of
computational error. The Akaike information criteion is the measurement result of the difference between the number
of parameters and the logarithm of the loglikelihood function. If the value is small, the model is considered good for
predicting response values, and vice versa. Data n:cessing and computation using R software.

Some related research namely research about effect of age and gender on blood lipids and glucose. The result that
the mean differences for fasting blood glucose across age groups were observed to rise from 21-30 years age group
and in subjec“j aving ages between 50-60 years. However, later in life the mean fasting blood glucose were observed
to be lower. Gender differences were not significant between groups based upon glycemia and lipideaa. Fasting
glycemia and lipidemia were observed to show significant differences among different age groups [5]. Relationship
between age at menarcl'adnd risk of glucose metabolism disorder: a systematic review and dose-response meta-
analysis concluded that older age at menarche (range 8-18 years old) is associated with reduced risk of glucose
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getabolisn'asorder. The strongest reduction in risk of gestational diabetes mellitus is observed at menarche age of
14.5 years [6].

Asmciatim:etween fasting glucose and all-cause mortality according to sex and age: a prospective cohort study
resulted that higher glucose levels were generally associated with higher B_Iy mass index, systolic blood pressure,
and total cholesterol values [7]. Diabetes mellitus in elderly conclude that aging is characterized by high prevalence
of associated co-morbidities and risk of frailty. Therefore, it is important to provide high quality and specific care for
old diabetic patients. Any treatment should be based on elderly classification and individualization to m] latrogenic
complications, especially dehydration and hypoglycemias [8]. Diabetes in eldery recommended that healthy elderly
people with diabetes should be treated to achieve thesame glycemic, blood pressure and lipid targets as younger people
with diabetes [9].

The aim of this research was to find a significant model to determine the relationship between fasting glucose level
with respect to age. The models tested were linear regression model with two parameters, logarithm model with one
parameter, and logarithm linear regression model with two peu‘elme. The accuracy of models be measured using
MSE and AIC. The model is said to be the best if it has the smallest MSE and AIC values compared to other models.
The best model is used to predict the value of fasting glucose level with respect to age. This value is used to predict
when a person is diagnosed early with prediabetes.

MATERIAL AND METHODS

Linear Regression Model with Two Parameters

Linear regression model is the regression equation has one or more predictors where each predictor powers one.
Linear regression model with two parameters is a regression equation with one predictor to the power of one and
having two peu‘elrrmrs [10, 11]. Linear regression model with two parameters has equation

y=a+bx+e o
where a : intercept, b : slope, x : predictor, v : response, and e : error.

It is necessary to estimate the value of parameters a and b to get this model. The parameters @ and # could be
estimated using the sum squares error. The sum squares error is derived with respect to those parameters, respectively.
Step of searching for parameters are as follow. First, the error is determined by

e=y—a-bx
Then the square error is determined with

e’ =(y—a-bx)?

If the square error to a set of paired observations (x;,y;).(x5.¥3).....(x,.¥,) . The mathematical expression for

i i n
S":Z"-’fz :Z[)’r’_a_bxi]z @
=1 i=1

The equation S7 is necessary differentiated with respect to these parameters to get an estimate of a and b values. The

the sum sSquere error becomes

partial derivative of Sr to parameter a is as follow m
oSr -
—=-2 yi —an—b Y x;
P ER T
a =] i1
The partial derivative of Sr toward parameter b is

aSr S = -2
E:—Z Z_‘ff}’r‘—azxf_bzxr'
- i=1 i=1 i=1

The partial derivative of Sr with respect to a and b in order to be minimal, they must be equal zero. The result of the

simplification is obtained g
n n
a}1+bz.r,- = Z Vi
i=1 i=1

and
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by x7 =
ap, x+ X = XY
i=1 =1 =1

The two equations produce a normal equation. Based on the normal equation, the parameter values can be obtained
» 12
14
[ n n " " [ -
2 2
=1 I WD I DI WD
i=1 i=1 =l i=1 =1 i=l
and
a= }—, —_bx 4)
where ¥ and X are the means of response and predictor variables, respectively.
The best model is
y=a+bx (s)

This model is said to be the best model because it has no error.
Logarithm Model with One Parameter

The next discussion is the logarithm model with one parameter. The logarithm model with one parameter is a
function of natural logarithm with parameter as coefficient [12-14]. The model is written with

y=alnx+e (©)

where a: parameters of function, x : predictor, y : response, In x : natural logarithm function of x, and e : error. The
sum square error method will be tried to estimate the value of the parameters a. The steps are as follows. First, the
error 1s determined, that 1s
e=y—alnx
Next, the square error is determined by
5
&= [.)-‘—aln.r]‘

If it use the square error to a set of paired observations: (x;,y;),(x3.¥3).,....(x,.v,) - The equation of the sum

z i
Sr= Zer.z = Z[)-‘f —alny, ) &
= =1

Equation S is necessary to differentiate with respect to its parameter to get an estimate of the a value.

" "
%ﬂ-z Z y;Inx; —az In2 x;
0@ i=1 i=1

square error is

In order to equation S* is minimum, then take this derivatives must equal to zero. If this is done, the equations can
be expressed as follow

n n
2
vilnx; =a ) In" x;
i=l i=1

Based on the normal eculi()n above, the parameter value can be generated, namely
-1

L L
,
a= E y; Inx; E In~ x; @
i=1 i=1

The best model that is produced with no errors, namely

- L
y=alnx @
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Logarithm Linear Regression Model with Two Parameters

The extension of the linear and natural logarithmic functions is the logarithm linear regression model with two

parameters [10- 1mr he model is an equation
y=a+blhx+e (10)

where a and b : parameters of model, x : predictor, y : response, e : error.

The sum square error is used to determine parameter estimates. It is partially derivative for each of their
parameters. The steps for this process are as follows. First the error is determined by

e=y—a—blnx

Then the square error is determined by

e’ =(._\-‘—a—b]n.\'}

If it use the square error to a set of paired observations: (x;,y;).(x5.¥3).....(x,.y,) . The formula of the sum

2

Squere error is

n n
S}‘:ZQE:Z[}.‘E_(J_})]“_\:’_]Z (1
i=1 i=1

The equelli(ﬁ r is necessary to differentiate with respect to their parameters to get the parameter values a and 6. The

description of the partial derivative of Sr with respect to each parameter is summarized as follow
Pq}' I L
—=-2 Z ¥; —an—bZln X;
ca |

i=1 =1

and

i=1 i=1 i=1
The modeling principle aims to obtain minimal error. Therefore, the two equations must be equal to zero. If this is
done, the expression could be presented by m

n n
m+bZlnxj = Z_v,.
i=1 i=1

and
1 n n
2
aZln.r,- +bZIn‘ X = Z v; Inx;
i=1 =1 i=1
Based on the above normal equation, the parameter estimates can be determined, i.e.
-1
n n n n n n 2
2 2
a= Ey,- Z]n‘ X —Z]nx,-z y; Inx; nZ]n‘ X — Zln_r,- 12
i=l =l i=l i=1 = i=1
and

.
n 0o n n
2 T
b= nZy,- In x; —Zy,-Zln_r,- nZln‘_r,-— Zlnx,- a3
i=1 =l i1 i=1

The best model that is obtained in the form
y=a+blnx a8

This model is considered to have no error.
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Age and Prediabetes

Human age determines his abilities. If humans get older, their abilities will decrease. For example, if you get older,
your vision becomes more and more blurred. According to World Health Organization (WHO), the age of 45-59 years
is called the middle age, while according to the Ministry of Health of the Republic of Indonesia (2021), the age of 46-
55 years is called early advanced age. Humans have this age that has begun to decrease in their abilities. So it needs
vigilance in activities so that health is maintained. Reduced ability of the body can lead to prediabetes. Prediabetes is
a disease in which fasting glucose levels exceed normal limit. The fasting blood sugar level for normal people is 70-
99 mg/dL. Symptoms of prediabetes are fatigue, blurred vision, frequent thirst and hunger, frequent urination, and
wound that doesn't heal.

RESULT AND DISCUSSION

The discussion of this paper is to apply three kind functions, that are the linear regression model with two
parameters, the logaritm model with one parameter, and the logaritm linear regression model with two parameters.
Data processing using sofware R, while output analysis using statistical methods. The parameter results are visualized
in the form of table and scatter diagram.

The data that be investigated were 51 people with four variables, namely age (year), body mass index or BMI
(kg/m?, cholesterol (mg/dL), and fasting glucose level (mg/dL). The result of descriptive analysis are summarized in
Table 1 below [16]:

TABLE 1. Descriptive Statistics of Sample.

Variable Mean Minimum Maximum
Age 4720 21 76
BMI 2981 19.28 47.87

Cholesterol 185.96 119 283

Glucose 98.14 72 136

Furthermore, searching for a model of the relationship between one variable and another. There is result that age
is related to fasting glucose level. Therefore, the variable age is used as a predictor of x, while the variable glucose is
the response to y. It want to find the best model between fasting glucose level toward age. The best model can be used
to predict when a person will develop prediabetes. Several models that can be made to determine the relationship
between the variables of age and fasting glucose level are described below.

Application of Linear Regression Model with Two Parameters

The equation (5) needs to find the values of parameters intercept and slope. The computation of the data obtained

results as shown in the Table 2, thatis [16, 17]:
TABLE 2. Result of parameters of linear re gression model.

Coefficients Estimate t-value Pr(>Itl) Sign
Intercept 83.6380 15.580 <2e-16 *kk
X 0.3072 2.848 0.00642 *k

According to the Table 2, it means that the intercept parameter a = 83.6380. It has sign three asterics. This
parameter gets meaning that significant by 0.001 level. The slope parameter » = 0.3072 with sign is two asterics. This
parameter gets meaning that significant by 0.01 level. The estimated value of two parameters are very appropriate in
building the model. The following figure to see the accuracy of model and data distribution [17-20].
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FIGURE 1. Distribution of data and linear regression model.

In Figure 1, there are points that describe the successive pairing between age in year and fasting glucose level in
mg/dL. The linear line as model that describes the linear relationship between level of fasting glucose toward age. We
can construct the linear regression model with two parameters as

$ =83.6380 +0.3072 x o

This function is useful for predicting the level of glucose by age. The glucose level can be used to predict that
someone has prediabetes. If this model is used to find fasting glucose level, a person can be diagnosed with prediabetes
for at least 53.3 or 53 years old.

Application of Logarithm Model with One Parameter

The equation (9) needs to determine the value of a multiplication parameter. The processed results of the data
obtained value as presented in Table 3 by [16, 17]:
TABLE 3. Result of logarithm model parameter.
Parameter Estimate t-value Pr(>lt1) Sign
a 25.7672 55.35 <2e-16 HE

According to the Table 3, it means that the parameter a = 25.7672. It has sign three asterics. This parameter could
be interpreted as having significance to 0.001 level. The estimated value of that parameter is very appropriate in
making the model. The following figure to see the accuracy of model and data distribution [16-19].
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FIGURE 2. Distribution of data and logarithm model.
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In Figure 2, there are points that describe the successive pairing between age in year and fasting glucose level in
mg/dL. The curve is model that describes the nonlinear relationship between level of fasting glucose toward age. It
could be made the logarithm model with one parameter that is

y=257672 Inx (16)

This function is useful to predict the level of fasting glucose by age. The fasting glucose level can be used to
predict that someone has prediabetes. If this model is used to find fasting glucose levels, a person can be diagnosed
with prediabetes for at least 48.5 or 49 years old.

Application of Logarithm Linear Regression Model with Two Parameters

The equation (14) can be determined by looking for the values for a and b parameters. The results of data processing

obtained values as summarized in Table 4 as below [16, 17]:
TABLE 4. Result of parameters of logarithm linear regression model.
Parameters Estimate t-value Pr(>lz 1) Sign
d 44707 2.502 0.0158 *
b 14.086 3.003 0.0042 wE

The Table 4 means that the parameter @ = 44.707. It has sign one asteric. This parameter gets meaning that
significant by 0.05 level. The parameter b = 14.086 with sign is two asterics. This parameter gets meaning that
significant by 001 level. The estimated value of two parameters are very appropriate in construction this model. The
following figure to see the accuracy of model and data distribution [16-19].
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FIGURE 3. Distribution of data and logarithm linear regression model.

Figure 3 shows the distribution of pair points between age in year and fasting glucose level in mg/dL. The curve
is model that describes the nonlinear relationship between level of fasting glucose with respect to age. It could be
made the logarithm linear regression model with two parameters as

§ = 44707 +14.086 In x o

This function is useful to predict the fasting glucose level wiht age. The fasting glucose level can be used to predict
that someone has prediabetes. If this model is used to find fasting glucose levels, a person be said to have symptoms
of prediabetes for at least 50.7 or 51 years old. If it wants to see the comparison of data distribution and all models
graphically shown in Figure 4 in form [16-19]:
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FIGURE 4. Distribution of data and all models.

Figure 4 shows distribution of points and all models. Graph of the linear regression model is almost the same as
the logarithm linear regression model, while graph of the logarithm model is different with the others. This can also
be seen from the AIC and MSE values of model. The AIC and MSE values of the linear regression model are almost
the same as the logarithm linear regression model, but for the logarithm model is different. Graphically, the logarithm
model has a high slope.

Measure of Accuracy of Model

The model accuracy measure is the value of error function. It use mean sqare error (MSE) and Akaike information
criterion (AIC) methods [4]. They have the property that the smaller the value, the better the model for predicting that
problem. Formula the mean square error and AIC, respectively, are

MSE:; (18)

— _
where ¢~ = the mean of square error
and

AIc =2(p-mni) a)

where i, : likelihood function, p : number of model parameter.
The MSE and AIC values from the processed data using each model are summarized in Table 5 below

TABLE 5. MSE and AIC values of models.

Models MSE AIC
Linear regression model 141.7229 403.3793
Logarithm model 157.3179 406.7034
Logarithm linear regression model 139.5022 402.5738

Actually, these three models are suitable models to be used as data distribution models regarding the relationship
between fasting glucose levels with respect to age. If it is seen from the MSE and AIC values of each model. If the
MSE wvalue 1s small, the AIC value i1s also small, and vice versa. The best model for this case of the lli()nship
between age and fasting glucose level is the logarithm linear regression model. Because this model has the smallest
MSE and AIC values, when compared with the MSE and AIC values of the other models.
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CONCLUSION

Prediabetes is a dangerous disease. A person is said to have prediabetes if the fasting glucose level is at least 100
mg/dL. The level of fasting glucose can be affected by age. The model used predicl fasting glucose level with
respect to age are linear regression model, logarithm model and, logarithm linear regression model. The linear
regression model predicts that a person is suspected of having prediabetes for at least 53 years old. The logarithm
model predicts that a person is diagnosed with prediabetes for at least 49 years old, meanwhil@yde logarithm linear
regression model predicts that a person is considered to have prediabetes for at least 51 years old. Based on the smallest
MSE and AIC values, the best model is obtained. The best model is the logarithm linear regression model with a value
of MSE = 139.5022 and a value of AIC =402.5738. The best models has equation y = 44.707 + 14 086 In x . Because

glucose level depends on age, then at that age or more, a person is expected to maintain his health to standard or not
high glucose levels.
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