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Poor nutritional status tends to increase the risk of morbidity and mortality among children
in developing countries. Therefore, data on these rates can be an important indicator in
describing the condition of undernutrition in a community. Log-linear model analysis can be
used to categorize data on nutritional status. Based on data obtained from the Rajabasa Indah
Health Center area, Rajabasa Subdistrict, Bandar Lampung City, there are 418 children who
have examined at the Posyandu. The analysis model conducted in this study involves four
variables, each variable is categorized into several categories according to predetermined
criteria. Gender with two categories (male and female), age with two categories (1-12 months
and 13-60 months), head circumference with two categories (normal and abnormal), and
nutritional status with three categories (undernourished, well-nourished, and overnourished).
This study aims to determine the best model using log-linear analysis that can explain the
relationship between the four variables. The results obtained are the best model for the data
involved in the [UG][LG][]] structure, the structure describes the interaction between age

and nutritional status and head circumference and nutritional status.
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1. INTRODUCTION

A statistical model is a mathematical representation of the rela-
tionships between variables in a phenomenon. These models are
used to understand, predict, and make decisions based on data.
Some commonly used statistical models include linear regres-
sion, logistic regression, analysis of variance (ANOVA), multiple
regression analysis, time series models, and others. These mod-
els have wide applications in various fields such as business,
health, social sciences, and science. Some examples of the use of
statistical models include research related to variants of regres-
sion analysis, namely robust regression [1, 2], geographically
weighted regression [3, 4], and many more.

The log-linear model another statistical model which is an ex-
tension of two-dimensional contingency table analysis in which
response and predictor variables are not distinguished. This
model uses the logarithm of cell frequencies in the contingency
table to analyze the relationships among categorical response

variables [5]. In log-linear modeling, there is a type known as
multidimensional log-linear modeling, which is used to analyze
the relationships among more than two categorical variables. By
applying a logarithmic transformation to the frequency data, this
model enables researchers to explore interactions among vari-
ables in a more comprehensive manner [6]. Multidimensional
log-linear models offer several advantages that make them more
effective, especially in analyzing categorical data involving more
than two variables (7, 8].

The log-linear model focuses more on categorical variables,
multiple regression is used to predict the value of a dependent
variable based on one or more independent variables. How-
ever, multiple regression has certain limitations, especially when
applied to categorical data or when there are significant interac-
tions between variables [9, 10, 11]. Although both methods can
be used to analyze relationships between variables, log-linear
models and multiple regression are often used to examine the


https://doi.org/10.26554/integra.20252228

Yoka et. al.

relationship between nutritional status and related factors [12].

Factors influencing child nutrition can be categorized into
more than one group. For example, gender is one factor that
affects the nutritional status of children, with data categorized
as male and female [13]. In this case, to facilitate the observation
of patterns or relationships between variables such as gender
and nutritional status, a contingency table is used.

A contingency table is a table that summarizes joint frequen-
cies of observations made in each category of variables and is
used to evaluate how two variables from their respective cat-
egories interact with each other [14]. Contingency tables can
vary from two-dimensional to three-dimensional, from three-
dimensional to four-dimensional, and so on. In this context,
dimension is a term used to describe the number of factors or
variables involved in influencing a case or phenomenon being
analyzed [15].

Several studies have previously explored the application of
log-linear models in various contexts. Satria et al. [16] investi-
gated the application of log-linear models in analyzing two-way
contingency tables. In the context of pandemic data, Suciati et al.
[17] conducted a study on the application of log-linear models
to COVID-19 data in Indonesia. Similarly, Jihyeok et al. [18]
developed a log-linear model for delivery load analysis aimed at
improving water quality through the TMDL framework in the
Gyeongan Stream Watershed, Republic of Korea. In the medical
field, Cuesta-Herrera et al. [19] utilized log-linear modeling to
examine the interactions between risk factors associated with
human papillomavirus (HPV) infection and Papanicolaou smear
abnormalities. Moreover, Santi et al. [20] implemented a nega-
tive binomial log-linear model to analyze high school dropout
data.

Poor nutritional status tends to increase morbidity and mor-
tality rates among children under five in developing countries.
Therefore, these figures can provide important information about
the state of malnutrition in the community [21, 22]. The results
of the Indonesian Toddler Nutrition Status Study (SSGBI) in 2019
showed that the prevalence of stunting among toddlers decreased
from 37.2% in 2013 to 30.8% in 2018, and further declined to
27.67% in 2019. Additionally, the prevalence of wasting decreased
from 7.44% to 2.76% during the same period. However, the stunt-
ing prevalence remains high and has not yet reached the target
set by the World Health Organization (WHO), which is below
20% [22, 23, 24]. Based on the background above, this study will
analyze a four-dimensional multidimensional log-linear model
to determine the relationships among four observed variables:
gender, child’s age, head circumference, and nutritional status in
early childhood within the Rajabasa Indah Community Health
Center area.

2. METHODS

The data used in this study are secondary data consisting of
gender, age, head circumference, and nutritional status of chil-
dren in the Rajabasa Indah Community Health Center area in
2024. The categorization of each variable in this study is as fol-
lows: gender (male and female), age (infants 0—12 months and
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toddlers 13-60 months), head circumference (normal and abnor-
mal), and nutritional status (under-nutrition, normal nutrition,
and over-nutrition).

The objective of this study is to explain the analysis proce-
dure using a multidimensional log-linear model and to deter-
mine the best model in describing children’s nutritional status
based on age, gender, head circumference, and nutritional status.
This study also aims to identify the relationships or interactions
among these four variables. The data used in this study are
processed using the SAS program, and the analysis steps are as
follows:

1. Use descriptive statistics to analyze the proportional char-

acteristics of the data.

2. Develop the best four-dimensional log-linear model through

the following steps:

a) Enumerate all possible models formed by the four
variables, from the simplest to the most complex.

b) Determine the frequency distribution.

c) To ensure that the model is applicable or fits well,
perform goodness-of-fit or significance tests.

d) Calculate the Akaike’s Information Criterion (AIC)
value for each model.

e) Examine the smallest AIC value among the suitable
models to select the best one.

3. Model interpretation stage:

a) Interpret the parameters of the best model.

b) Calculate the odds ratios.

¢) Draw conclusions regarding the relationships among
the variables and factors.

3. RESULT AND DISCUSSIONS

3.1 Descriptive Analysis

Descriptive statistics were used to identify the nutritional charac-
teristics of infants and toddlers in the Rajabasa Indah Community
Health Center area, Rajabasa District, Bandar Lampung City, in
2024, based on four variables: gender, child’s age, head circum-
ference, and nutritional status. Of the 418 samples obtained, 233
infants and toddlers were male, while 185 were female. Based
on the nutritional status variable of infants and toddlers, 12.68%
were classified as undernourished, 72.01% had normal nutritional
status, and 15.31% were classified as overnourished. It is evident
that there is a considerable difference between the proportion
of children with normal nutritional status and those who are
undernourished or overnourished. Figure 1 shows the number
of groups with under nutrition status based on gender and head
circumference, Figure 2 displays the number of age groups with
good nutritional status based on gender and head circumfer-
ence, and Figure 3 displays the number of age groups with over
nutritional status based on gender and head circumference.

It is known that 6.94% of infants and toddlers with under-
nutrition had a normal head circumference, consisting of 0.48%
male infants, 3.35% male toddlers, 0.48% female infants, and 2.63%
female toddlers. Additionally, 5.74% of infants and toddlers with
undernutrition had an abnormal head circumference, comprising
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Figure 1. The Number of Age Groups with Undernutrition
Status Based on Gender and Head Circumference

0.72% male infants, 1.91% male toddlers, 1.20% female infants,
and 1.91% female toddlers.
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Figure 2. The Number of Age Groups with Good Nutritional
Status Based on Gender and Head Circumference

A total of 72.01% of infants and toddlers had good nutritional
status. Among them, 51.44% had a normal head circumference,
consisting of 3.35% male infants, 24.88% male toddlers, 2.40%
female infants, and 20.81% female toddlers. Meanwhile, 20.57%
of infants and toddlers with good nutritional status had an ab-
normal head circumference, including 0.96% male infants, 11.00%
male toddlers, 0.72% female infants, and 7.89% female toddlers.

The figure shows that 15.31% of infants and toddlers had
overnutrition. Among them, 9.09% had a normal head circum-
ference, consisting of 2.39% male infants, 2.15% male toddlers,
0.72% female infants, and 3.83% female toddlers. In addition,
6.22% of infants and toddlers with overnutrition had an abnor-
mal head circumference, comprising 1.67% male infants, 2.87%
male toddlers, 0.48% female infants, and 1.20% female toddlers.
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Figure 3. The Number of Age Groups with Good Nutritional
Status Based on Gender and Head Circumference

3.2 Development of the Four-Dimensional Log-linear Mo-
del

The four-dimensional log-linear model is constructed by consid-
ering all possible interactions among the four variables analyzed,
namely gender (J), child’s age (U), head circumference (L), and
nutritional status (G). In this approach, the saturated model
includes various interactions, starting from the main effects
of each variable (first-order interactions), interactions between
pairs of variables (second-order interactions), interactions in-
volving three variables simultaneously (third-order interactions),
up to the most complex interaction involving all four variables
together (higher-order interaction). This approach aims to com-
prehensively identify the pattern of relationships among the
variables.

3.3 Frequency Distribution

Frequency distribution is obtained by summing the values of the
density function calculated for each category. The results of these
calculations are then used to provide a clearer representation
of the data distribution based on the specified categories [22].
Based on Appendix A, a total of 84 frequency cells were obtained
from the contingency table. The smallest subtotal is found in
the equation n,1y; = 4, indicating the number of observations
for infants aged 0-12 months with normal head circumference
who have undernutrition status across all genders. Meanwhile,
the largest subtotal is in the equation n,,,, = 418, representing
the total number of observations for all categories across all
variables. Differences in categories within each variable lead to
variations in the estimated values of the likelihood equations.

3.4 Goodness-of-Fit Test Results

The goodness-of-fit test was conducted to determine whether a
model is significant based on the test statistic used, namely the
likelihood ratio test (G?) [23]. In the four-dimensional log-linear
model, there are 114 possible models formed. The goodness-of-
fit test results for each model can be found in Appendix B, where
Hy represents the fitted model and H; represents the non-fitted
model, at a 5% significance level, out of the 114 models formed,
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Appendix A. The Total of the Density Functions Calculated for Each Category

Nyyit = 418 Nat2+ = 56 Nyt = 29 Noz+1 = 19 Nit13 = 19
Nitiy = 233 Nip1 = 27 Niyo1 = 24 N4z = 18 Nit23 = 19
No+++ = 185 Noy+1 = 26 Nyv12 = 215 nygyp = 150 nay13 = 19
Nyt =65 Ny =168 Ny =86 Ny =13 Noya3 =7

Nioer =353 napp =133 nyyp3 =38 npe =120 nyq =4

Nys14 = 282 Npypy3 =38 Nygp3 =26 np3 =17 Nyz; =8

Nysoy =136 Mppy3 =26 My =26 N3 =21 nigpp =25
Nty =53 Ny =41 npppq = 127 No143 =95 Ny = 16
Nipyz =301 nyop =241 nppye =15 N3 =21 nyqp =24
Nity3 =64 nypy =24 ngpe =114 nyyq =16 Niiz2 =7

N+ =40 nyp =112 nyppy =14 npgp =11 nyppp =191
No14+ = 25 Nyppr =120 Ny =66 Ny =13 Nygp =79
N2+t = 193 nige1 =41 na12+ = 10 Na421 = 13 nyz =13
Nyt =160 nypyp =31 Nyzoy =46 Ny =118 nyp3 =9

N1+ =153 nygep =270 Nie1 =5 Niy22 =50 nyg3 =25
Nay1+ =129 nypy3 =22 Nz = 22 Nav12 =97 Nygez =17
Nis2+ = 80 Ni43 =42 N1+1 =7 Na+22 = 36

68 models were found to be significant, as indicated by p-values
greater than 0.05. Therefore, it can be concluded that these 68
models adequately fit the observed data.

3.5 Determining the AIC Value

After obtaining 68 significant models based on the analysis
performed, the next step is to select the best model using the
Akaike’s Information Criterion (AIC) method. AIC is a com-
monly used method in statistical model selection, where the best
model is determined by identifying the model with the smallest
AIC value. Table 1 displays the selected model with the lowest
AIC.

AIC = G*-2d
The AIC values for each model are presented in Appendix C.

3.6 Determining the Best Model
Based on the AIC values calculated for each model in Appendix 3,
the best model is identified as the [UG][LG][J] model, which has
the smallest AIC value of -12.79. Subsequently, the multidimen-
sional log-linear model equation for the best model [UG][LG][]]
will be constructed based on the maximum likelihood analysis
of variance to examine the relationships among the variables.
Table 2 shows the maximum likelihood analysis of variance for
the best model.

Based on Table 2, it is known that the best model [UG][LG][J]
has the following model equation:

j U L G UG LG
logmapea = p+ A+ Ay + A, + A7 + A7 + A

Gender (J) is significant at the 0.05 level, indicating its con-
tribution to the model. Age (U) and nutritional status (G) are

© 2025 The Authors.

highly significant, highlighting their influence on data distribu-
tion. Head circumference (L) is significant individually, and its
interaction with nutritional status (LG) is also important. The
interaction between age and nutritional status (UG) is highly
significant, demonstrating a strong relationship. The likelihood
ratio for the best model [UG][LG][]J] (Table 1) exceeds 0.05, indi-
cating a good model fit.

3.7 Factor Interactions in the Best-Fitting Model
Previously, the best multidimensional log-linear model identified
was [UG][LG][J]. This model indicates two two-way interactions:
one between age and nutritional status, and another between
head circumference and nutritional status. Figure 4 displays the
interaction between age and nutritional status, while Figure 5
shows the interaction of head circumference with nutritional
status.

==@==_Undernutrition ==@==Normal Nutrition

Overnutrition
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0 —
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Figure 4. Interaction Between Age and Nutritional Status

That figure illustrates the interaction between age and nutri-
tional status. As age increases, there is a noticeable rise in the
proportion of individuals experiencing undernutrition. Simulta-
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Appendix B. Goodness of Fit Test in a Four-Dimensional Log-Linear Model

No Model le}s:t}il;md df  p-value Decision No Model leﬁ:t};;md df  p-value Decision
1 (J,ULG) 4555 18 0.0003 Reject Hy 58 (JUJLJG,UL,UG) 19.77 11 0.0485 Reject Ho
2 (JULG) 44.49 17 0.0003 Reject Hy 59 (JUJLJG,UL,.LG) 34.44 11 0.0003 Reject Hy
3 (JL,U,G) 44.77 17 0.0002 Reject Hy 60 (JUJLJG,UG,LG) 12.53 10 0.2511 Do not reject Hy
4 (JG,U,L) 44.71 16 0.0001 Reject Hy 61 (JU,JL,UL,UG,LG) 13.39 11 0.2687 Do not reject Hy
5 (ULJ,G) 44.88 17 0.0002 Reject Hy 62  (JUJGULUGLG) 13.33 10 02057 Do not reject Hy
6 (UGJ,L) 22.97 16 0.1144 Do not reject Hy 63 (JLJG,JLUG,LG) 12.53 10 0.2510 Do not reject Hy
7 (LG,J,U) 37.78 16 0.0016 Reject Hy 64 (JUJLJG,UL,UG,LG) 12.50 9 0.1866 Do not reject Hy
8 (JULG) 36.72 15 0.0014 Reject Hy 65 (JUL,G) 42.46 14 0.0001 Reject Hy
9 (JL,UG) 22.19 15 0.1028 Do not reject Hy 66 (JUG,L) 16.88 11 0.1115 Do not reject Hy
10 (JG,UL) 44.05 15 0.0001 Reject Hy 67 (JLG,U) 32.73 11 0.0006 Reject Hy
11 (JUJL,G) 43.71 16 0.0002 Reject Hy 68 (ULG))) 11.69 11 0.3870 Do not reject Hy
12 (JUJG.L) 43.65 15 0.0001 Reject Hy 69 (JULJUG) 14.85 8 0.0622 Do not reject Hy
13 (JU,UL,G) 43.82 16 0.0002 Reject Hy 70 (JULJLG) 30.42 8  0.0002 Reject Hy
14 (JU,UG,L) 21.92 15 0.1100 Do not reject Hy 71 (JUL,ULG) 9.27 8 0.3201 Do not reject Hy
15 (JLJG,U) 43.93 15 0.0001 Reject Hy 72 (JUGJLG) 4.90 6 0.5571 Do not reject Hy
16 (JL,UL,G) 44.10 16 0.0002 Reject Hy 73 (JUG,ULG) 5.60 6 0.4697 Do not reject Hy
17 (JLLG,U) 37.00 15 0.0013 Reject Hy 74 (JLG,ULG) 6.64 6 0.3551 Do not reject Hy
18 (JG,UG,L) 22.14 14 0.0758 Do not reject Hy 75 (JUL,JUG,JLG) 3.76 4 0.4398 Do not reject Hy
19 (JGLG,U) 36.94 14 0.0007 Reject Hy 76 (JULJUG,ULG) 4.20 4 0.3793 Do not reject Hy
20 (UL,UG))) 22.31 15 0.0999 Do not reject Hy 77 (JUG,JLG,ULG) 1.33 3 0.7229 Do not reject Hy
21 (ULLG)J) 37.12 15 0.0012 Reject Hy 78 (JULJLG,ULG) 453 4 03387 Do not reject Hy
22 (UG,LG))) 15.21 14 0.3641 Do not reject Hy 79 (JUL,JUG,JLG,ULG) 0.65 2 0.7216 Do not reject Hy
23 (JUJLJG) 42.87 14 <0.0001 Reject Hy 80 (JULJG) 41.62 12 <0.0001 Reject Hy
24 (JU,UL,UG) 21.25 14 0.0953 Do not reject Hy 31 (JUL,UG) 19.88 12 0.0693 Do not reject Hy
25 (JL,UL.LG) 36.34 14 0.0009 Reject Hy 82 (JULLG) 34.69 12 0.0005 Reject Hy
26 (JG,UG,LG) 14.37 12 0.2777 Do not reject Hy 83 (JUGJL) 16.10 10 0.0968 Do not reject Hy
27 (JUJL,UG) 21.14 14 0.0982 Do not reject Hy 84 (JUG,UL) 16.21 10 0.0936 Do not reject Hy
28 (JUJLLG) 35.94 14 0.0010 Reject Hy 85 (JUG,LG) 9.11 9 0.4271 Do not reject Hy
29 (JUJG,UL) 42.99 14 <0.0001 Reject Hy 86 (JLGJU) 31.67 10 0.0004 Reject Hy
30 (JUJG,LG) 35.89 13 0.0006 Reject Hy 87 (JLG,UL) 32.07 10 0.0003 Reject Hy
31 (JU,UL,LG) 36.06 14 0.0010 Reject Hy 38 (ULG,JU) 10.64 10 0.3865 Do not reject Hy
32 (JUUG,LG) 14.15 13 0.3634 Do not reject Hy 89 (ULGJL) 10.92 10 0.3641 Do not reject Hy
33 (JL,JG,UL) 43.27 14 <0.0001 Reject Hy 90 (ULG,JG) 10.86 9 0.2865 Do not reject Hy
34 (JLJG,UG) 21.36 13 0.0661 Do not reject Hy 91 (JUL,JUG,LG) 7.50 6 0.2773 Do not reject Hy
35 (JL,UL,UG) 21.53 14 0.0887 Do not reject Hy 92 (JUL,JLG,UG) 7.92 6 0.2437 Do not reject Hy
36 (JL,UG,LG) 14.43 13 0.3443 Do not reject Hy 93 (JUL,ULG,JG) 8.51 6 0.2028 Do not reject Hy
37 (JG,UL,UG) 21.47 13 0.0641 Do not reject Hy 94 (JUG,JLG,UL) 4.89 5 0.4294 Do not reject Hy
38 (JG,UL,LG) 36.28 13 0.0005 Reject Hy 95 (JUG,ULG,L) 4.58 5 0.4686 Do not reject Hy
39 (JUJL,UL,G) 43.11 15 0.0001 Reject Hy 96 (JLG,ULGJU) 5.45 5 0.3629 Do not reject Hy
40 (JUJG,UG,L) 21.15 13 0.0700 Do not reject Hy 97 (JULJG,UG,LG) 11.84 8 0.1583 Do not reject Hy
41 (JLJG,LG,U) 36.09 13 0.0006 Reject Hy 98 (JUGJL,UL,LG) 8.23 7 0.3130 Do not reject Hy
42 (UL,UG,LG,)) 15.16 13 0.2977 Do not reject Hy 99 (JLGJU,UL,UG) 9.14 7 0.2426 Do not reject Hy
43 (JUJL,UL,LG) 35.35 13 0.0007 Reject Hy 100 (ULG,JUJLJG) 9.04 7 0.2499 Do not reject Hy
44 (JUJLJG,UG) 20.37 12 0.0604 Do not reject Hy 101 (JUL,UL,LG) 34.69 12 0.0005 Reject Hy
45 (JUJLJG,LG) 35.03 12 0.0005 Reject Hy 102 (JUG,UL,LG) 9.06 8 0.3373 Do not reject Hy
46 (JUJL,UL,UG) 20.54 13 0.0825 Do not reject Hy | 103 (JLG,UL,UG) 10.10 8 0.2577 Do not reject Hy
47 (JU,JLJG,UL) 42.28 13 <0.0001 Reject Hy 104 (ULG,JLJG) 10.01 8 0.2646 Do not reject Hy
48 (JUJL,UG,LG) 13.42 12 0.3391 Do not reject Hy | 105 (ULG,JU,JL) 9.93 9 0.3565 Do not reject Hy
49 (JUJG,UL,UG) 20.49 12 0.0584 Do not reject Hy | 106 (ULG,JUJG) 9.87 8 0.2743 Do not reject Hy
50  (JUJGULLG) 35.22 12 0.0004 Reject Hy 107 (JLGJU,UL) 31.08 9 0.0003 Reject Hy
51  (JUJGUG,LG) 13.38 11 0.2690 Do not reject Hy | 108 (JLGJU,UG) 9.17 8 0.3283 Do not reject Hy
52 (JU,UL,UG,LG) 14.10 12 0.2945 Do not reject Hy 109 (JUGJL,UL) 15.50 9 0.0780 Do not reject Hy
53 (JLJG,UL,UG) 20.70 12 0.0549 Do not reject Hy 110 (JUGJL,LG) 8.26 8 0.4085 Do not reject Hy
54  (JLJG,ULLG) 35.43 12 0.0004 Reject Hy 111 (JULJG,UG) 19.12 10 0.0387 Reject Hy
55  (JLJG,UG.LG) 13.52 11 02608 Do not reject Hy | 112 (JULJG,LG) 33.78 10 0.0002 Reject Hy
56  (JL,UL,UG,LG) 14.38 12 0.2772 Do not reject Hy | 113 (JULG) 0 0 0 Reject Hy
57 (JG,UL,UG,LG) 14.32 11 0.2158 Do not reject Hy

neously, the proportions of individuals with normal and excess
nutritional status also show an upward trend. This suggests
that as children grow, changes in dietary habits, lifestyle, and
nutritional requirements become more apparent, contributing to

© 2025 The Authors.

a broader variation in nutritional outcomes across age groups.

FIGURE
Based on the figure, it can be concluded that there is a re-

lationship between head circumference and nutritional status.
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Appendix C. The AIC Value for the Significant Model

No Model leg:t}if‘)d df AIC No Model leg:t}ilg"d df AIC
1 (UGJ.L) 2297 16 9.03 35 (UL,ULG) 9.27 8 673
2 (JL,UG) 22.19 15 -7.81 36 (JUG,JLG) 4.90 6 -7.10
3 (JUUG,L) 2192 15 -8.08 37 (JUG,ULG) 5.60 6 640
4 (JG,UG,L) 2214 14 586 38 (JLG,ULG) 6.64 6 -5.36
5 (ULUGYJ) 2231 15 769 39  (JULJUGJLG) 3.76 4 424
6 (UG,LG.) 1521 14 -1279 40  (JULJUG,ULG) 4.20 4 380
7 (JU,UL,UG) 21.25 14 -6.75 41 (JUG,JLG,ULG) 1.33 3 -4.67
8 (JG.UG,LG) 1437 12 -963 42  (JULJLGULG) 453 4 -347
9 (JUJLUG) 21.14 14 -686 43 (JULJUGJLG,ULG) 0.65 2 335
10 (JU,UG,LG) 1415 13 -11.85 44 (JULUG) 1988 12 -4.12
11 (JLJG,UG) 2136 13 -464 45 (JUGJL) 1610 10 -3.90
12 (JLUL,UG) 2153 14  -647 46 (JUG,UL) 1621 10 -3.79
13 (JL,UG,LG) 14.43 13 -11.57 47 (JUG,LG) 9.11 9 -8.89
14 (JG,UL,UG) 2147 13 -453 48 (ULG,JU) 1064 10 -9.36
15 (JUJG,UG,L) 2115 13 485 49 (ULGJL) 1092 10 -9.08
16 (ULUG,LG) 1516 13 -10.84 50 (ULGJG) 10.86 9 -7.14
17 (JUJLJG,UG) 2037 12 363 51 (JULJUG,LG) 7.50 6 -4.50
18 (JUJL,UL,UG) 20.54 13 -5.46 52 (JUL,JLG,UG) 7.92 6 -4.08
19 (JUJLUG,LG) 13.42 12 -10.58 53 (JUL,ULG,JG) 8.51 6 -3.49
20 (JUJG,ULUG) 2049 12 351 54  (JUGJLGUL) 4.89 5 511
21 (JUJG,UG,LG) 1338 11  -862 55 (JUG,ULGJL) 458 5 542
22 (JUULUG,LG) 1410 12 990 56 (JLG,ULGJU) 5.45 5 455
23 (JLJG,UL,UG) 20.70 12 -3.30 57 (JULJG,UG,LG) 11.84 8 -4.16
24 (JLJG,UG,LG) 13.52 11 -8.48 58 (JUG,JL,UL,LG) 8.23 7 =577
25 (LULUG,LG) 1438 12 -962 59  (JLGJUULUG) 9.14 7 -4.86
26 (JG,UL,UG,LG) 1432 11 768 60  (ULGJUJLJG) 9.04 7 -4.96
27 (JUJLJG,UG,.LG) 1253 10 -747 61 (JUG,ULLG) 9.06 8  -6.94
28 (JUJLULUG,LG) 1339 11 -861 62 (JLG,UL,UG) 10.10 8  -5.90
29 (JUJG,UL,UG,LG) 13.33 10  -6.67 63 (ULG,JL,JG) 10.01 8 -5.99
30  (JLJGJLUG.LG) 12.53 10 -747 64 (ULG,JUJL) 9.93 9 -8.07
31 (JUJLJGULUGLG)  12.50 9 550 65 (ULGJUJG) 9.87 8  -6.13
32 (JUG,L) 1688 11 512 66 (JLGJU,UG) 9.17 8  -6.83
33 (ULG) 1169 11 -1031 67 (JUGJL,UL) 15.50 9 250
34 (JUL,JUG) 14.85 8 -1.15 68 (JUG,JL.LG) 8.26 8§ -7.74
Table 1. Selected Model with the Lowest AIC Table 2. Maximum Likelihood Analysis of Variance for the Best
Model
Model Likelihood Ratio df  AIC
(UG,.LGJ) 15.21 14 -12.79 Source df Chi-Square Pr > ChiSq
U 1 76.64 <0.0001
G 2 65.18 <0.0001
Infants and toddlers with head circumference within the normal UG 2 23.22 <0.0001
range are more likely to have good nutritional status, whereas L 1 14.03 0.0002
those with abnormal head circumference tend to have a higher L*G 2 7.86 0.0197
risk of undernutrition. J 1 5.49 0.0192
Likelihood ratio 14 15.21 0,3641

3.8 Estimation of Odds Ratios
For the best-fitting model [UG][LG][]], a significant interaction

was observed between head circumference and nutritional sta-  focused on the relationship between head circumference (L) and
tus. Therefore, the calculation of the odds ratio is specifically
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Figure 5. Interaction Between Head Circumference and
Nutritional Status

nutritional status (G), excluding gender (J) from this particular
analysis. However, to obtain a more detailed and comprehensive
understanding of this relationship, the analysis is still conducted
separately based on age groups (U).

Table 3. Partial Odds Ratio of Nutritional Status and Head
Circumference Based on Age 0-12 Months

Comparison of

Nutritional Status Odds Ratio  95% CI OR
Undernutrition vs
.. 2 1.10 - 3.09
Normal Nutrition
Normal Nutr'ltllon Vs 235 0.71 — 777
Overnutrition
Overnutrition vs
... 41 78 — 14.84
Undernutrition 3 0.78 8

It can be observed that the odds of infants with abnormal
head circumference having undernutrition are approximately
twice (or 200%) the odds of infants with normal head circumfer-
ence having undernutrition. Additionally, the odds of infants
with normal head circumference having normal nutrition are
about 2.35 times (or 235%) the odds of those with abnormal head
circumference having normal nutrition. Furthermore, the odds
of infants with normal head circumference having overnutri-
tion are approximately 3.41 times (or 341%) the odds of infants
with abnormal head circumference having overnutrition. Table
3 shows the partial odd ratio of nutritional status and head cir-
cumference based on age 0 — 12 months, while Table 4 displays
the partial odd ratio of nutritional status and head circumference
based on age 13 - 60 months

It can be seen that the odds of toddlers with abnormal head
circumference having undernutrition are approximately 1.43
times (or 143%) the odds of toddlers with normal head circum-
ference having undernutrition. Meanwhile, the odds of toddlers
with normal head circumference having normal nutrition are
about 1.61 times (or 161%) the odds of toddlers with abnormal
head circumference having normal nutrition. Additionally, the

© 2025 The Authors.
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Table 4. Partial Odds Ratio of Nutritional Status and Head
Circumference Based on Age 13-60 Months

Comparison of

L Odds Ratio  95% CI OR
Nutritional Status
Undernutrition vs
... 1.43 0.72 - 2.82
Normal Nutrition
Normal Nutrition vs = () gy 54
Overnutrition
Overnutrition vs 0.96 0.39 — 2.31

Undernutrition

odds of toddlers with normal head circumference having overnu-
trition are approximately 0.96 times (or 96%) the odds of toddlers
with abnormal head circumference having overnutrition.

4. CONCLUSIONS

Based on the results and discussion presented in the previous
chapter, it can be concluded that the best-fitting model using
the four-dimensional multidimensional log-linear analysis is the
[UG][LG][J] model, represented by the following equation:

j U L G UG LG
logmapea = p+ AL+ Ap + A, + A7 + Apd + A

The best-fitting model [UG][LG][]J] indicates relationships
between age and nutritional status [UG], as well as head circum-
ference and nutritional status [LG]. Based on the odds ratio val-
ues, it is found that the age category of 0-12 months with normal
head circumference has the highest odds ratio—approximately
3.41 times greater likelihood of experiencing overnutrition com-
pared to those with abnormal head circumference
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