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 Health data are often analyzed in their continuous form through 
approaches such as linear, logistic, or survival models. In this study, 
hematological variables were dichotomized based on established 
clinical cut-offs to enable log-linear analysis of associations among 
categorical variables, acknowledging the potential loss of information 
from this transformation. A log-linear model was applied to evaluate 
independence, dependence, and interaction patterns among leukocyte, 
hemoglobin, and hematocrit categories in a dengue hemorrhagic fever 
(DHF) patient dataset. Previous analyses using survival models 
identified these variables as factors associated with recovery rates; 
however, these models did not capture their interaction structure. Log-
linear analysis was therefore employed to examine these associations 
more comprehensively. The best-fitting model was identified as 𝐿 +
𝐻𝑏 + 𝐻 + 𝐿 ∗ 𝐻 + 𝐻𝑏 ∗ 𝐻, which included two-factor interactions 
between leukocyte–hematocrit and hemoglobin–hematocrit. This 
model demonstrated a good fit (Pearson 𝑋² = 1.773, 𝑑𝑓 = 2, 𝑝 =
0.412), including a three-factor interaction resulted in a saturated 
model (𝑑𝑓= 0) and did not improve model performance. These findings 
highlight significant interaction patterns among hematological 
variables in DHF patients, providing a more detailed understanding of 
their joint associations. 
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1. Introduction 
Statistical research generally uses numerical data, whereas research utilizing categorical data 

remain relatively limited. This limitation poses a problem for data analysis methods because the 
methods commonly used for categorical data differ from those applied in numerical data. In fact, 
there are many variables that use categorical data such as gender and age (children, adults, elderly). 
Health data utilized in research should generally be classified as research, according to [1]–[4]. This 
study also used health data in the form of categories. The categories used were normal or abnormal 
on the variables of leukocytes, hemoglobin, and hematocrit. These variables were categorized based 
on established clinical cut-offs to ensure clinically meaningful groupings. This approach also aligns 
with the methodological requirement of constructing a contingency table for log-linear analysis, 
which is designed for categorical data. 
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Logistic regression is a commonly used for analyzing categorical data when there is a clearly 
defined dependent variable. In contrast, log-linear modeling treats all variables symmetrically and 
focuses on modeling cell counts in contingency tables to examine associations and interaction 
structures. However, the variables used are dichotomous variables which only consist of two values. 
Therefore, the log-linear method is proposed. Log linear analysis can be used for categorical data 
analysis with two variables, three variables or even more than three variables. According to [5] the 
log-linear model is a method used to analyze categorical data on a nominal scale. According to [6], 
category data analysis using the linear log method is the development of a two-way contingency 
table. Categorical variables were analyzed using the natural logarithm of the cell frequencies in the 
contingency table. The contingency table analysis itself is used to see whether there is a relationship 
between one variable and another.  

Although the log-linear model can be used to analyze the relationship between two categorical 
variables in a contingency table, the log-linear model is also usually used to evaluate a multi-way 
contingency table involving three or more variables [7]. A complete three-variable model is a model 
with all variables plus the effects of two-factor interactions and three-factor interactions. In log-linear 
models, no variable is designated as the dependent variable; all variables are treated symmetrically 
to examine patterns of association and interaction among categorical variables [8]. The basic purpose 
of this model is to describe patterns of association and interaction between different levels of 
categorical variables [9]. Hematological parameters such as leukocyte count, hemoglobin 
concentration, and hematocrit levels are among the key clinical indicators used to monitor disease 
progression and severity in dengue patients. Recent studies have reported that abnormal 
hematological profiles are strongly associated with disease status and clinical outcomes in dengue 
infection [10]–[12]. These parameters often show characteristic patterns, including leukopenia, 
hemoconcentration, and hemoglobin fluctuations during the acute phase. 

Dengue hemorrhagic fever (DHF) is one of the diseases that consistently becomes a major 
concern for both the government and the community during the rainy season. It is a disease that can 
spread rapidly and may causes death within a short period. One modeling estimate has suggested 390 
million dengue virus infections per year (95% credible interval: 284–528 million), with 96 million 
(67-136 million) cases manifesting clinically across various disease severity [13]. Another study on 
the prevalence of DHF has estimated that 3.9 billion people are at risk of being infected with the 
dengue virus. Although the risk of infection is present in 129 countries [14], 70% of the disease 
burden occurs in Asia [13]. The World Health Organization (WHO) reported that the number of 
dengue cases increased more than eightfold over the last two decades, rising from 505,430 cases in 
2000, to more than 2.4 million in 2010, and 4.2 million in 2019 [15]. Deaths reported between 2000 
and 2015 increased from 960 to 4,032.  

A previous study applied a survival analysis to DHF patients at Haji Hospital Surabaya using the 
Weibull regression model [16]. On the other hand, between January to March 2020, Lampung 
province ranked first in DHF cases, reporting 3,431 cases and 13 deaths. Another study employing 
survival analysis in DHF patients reported that leukocytes, hemoglobin, and hematocrit influenced 
the recovery rate of DHF patients in Lampung province [17]. Therefore, using the same dataset, the 
analysis focused on assessing associations and interaction patterns among leukocytes, hemoglobin, 
and hematocrit categories within the DHF patient sample using a log-linear modeling framework. 
The best models obtained were also compared. The focus of this study was to examine how the 
interaction among variables affected the model, as the variables used were variables that theoretically 
influenced DHF disease. In addition, a comparison of models was carried out to determine which 
model yielded better results, the one with interaction terms or the one without. 

2. The Proposed Method  

2.1. Categorical Data 
Categorical data are data containing categorical variables as well as data in the form of frequency 

of observations. They will be easier to analyze if they are presented in the form of a contingency 
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table. Categorical data are derived by classifying all individual samples into one or more categorical 
variables simultaneously. Age and gender are the examples of categorical data. Age can be 
categorized as children, adolescents, adults, and the elderly, whereas gender while gender can be 
categorized. Another example is the results of laboratory measurements, including leukocyte count, 
hemoglobin concentration, and hematocrit percentage, as they can be categorized as normal and 
abnormal based on standard clinical reference thresholds. Based on the clinical laboratory reference 
standards of Abdul Moeloek Hospital and WHO dengue clinical guidelines [18], [19], leukocyte 
counts are classified as abnormal if < 4.0 × 10⁹/L. Meanwhile, hemoglobin levels are classified as 
abnormal if < 13 g/dL for males and < 12 g/dL for females. Hematocrit values are considered 
abnormal if below 40–50% (males) and 36–44% (females) or above the upper reference limit 
indicating hemoconcentration. 

2.2. 3D Log-Linear Model 
The log-linear model is a statistical approach used to analyze the relationship among categorical 

variables by modeling the natural logarithm of expected cell frequencies in a contingency table as a 
linear function of parameters representing main and interaction effects. Unlike regression models 
that emphasize prediction, log-linear models treat all variables symmetrically and focus on 
examining associations or dependencies among categorical variables. In this study, hierarchical 
models represented as [𝐿][𝐻𝑏][𝐻] (independence model), [𝐿 ∗ 𝐻][𝐻𝑏 ∗ 𝐻] (two-factor interaction), 
and [𝐿 ∗ 𝐻𝑏 ∗ 𝐻] (three-way interaction or saturated model) were evaluated. Model fit was assessed 
using Pearson chi-square (𝑋²) and likelihood ratio (𝐺²) statistics. In the case of three categorical 
variables, a three-way contingency table with i rows, j columns, and k layers was employed, allowing 
researchers to investigate not only the main effects but also two-way and three-way interactions. This 
framework enables the identification of independence, conditional independence, and interaction 
structures, making the log-linear model a powerful tool in understanding complex relationships 
within multidimensional categorical data, particularly in fields such as social sciences, epidemiology, 
actuarial science, and marketing research [20]. 

3. Method 
This section provides a detailed explanation of the research method employed as well as the 

variables used in the study. The chosen research method was designed to ensure that the processes 
of data collection, processing, and analysis were conducted systematically and in accordance with 
the research objectives. Furthermore, the identification of research variables represented an essential 
step, as these variables served as the foundation for constructing the analytical model and addressing 
the research questions. Thus, the explanation of both the research method and the selected variables 
will offer a clear understanding of the analytical approach undertaken and its relevance to the 
research topic. 

3.1. Data and Variables 
The data used in this study were DHF data obtained from Abdul Moeloek Hospital, Lampung 

Province. The data collected were data on 59 DHF patients from January 2019 to January 2020. The 
variables used were leukocytes, hemoglobin and hematocrit variables. Each variable was categorized 
as either normal or abnormal. 

Table 1. Research Data 

Leukocytes Hemoglobin Hematocrit 
Normal Abnormal 

Normal Normal 10 16 
Abnormal 0 11 

Abnormal Normal 12 4 
Abnormal 1 5 

From Table 1 exhibits the data employed Leukocyte, hemoglobin, and hematocrit values were 
categorized according to standard clinical reference thresholds. Leukocyte counts are considered 
abnormal if < 4.0 × 10⁹/L, hemoglobin levels are considered abnormal if < 13 g/dL for males or < 12 
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g/dL for females, and hematocrit values are considered abnormal if outside the reference range of 
40–50% for males or 36–44% for females [19]. This categorization approach is consistent with recent 
dengue studies that have identified abnormal leukocyte counts, hemoglobin levels, and hematocrit 
values as key markers of disease severity [21]. These thresholds were based on WHO dengue clinical 
guidelines and the laboratory reference manual of Abdul Moeloek Hospital [19]. 

3.2. Research Stage 
This research was conducted through several structured stages to ensure systematic and reliable 

results. The first stage was descriptive statistics, where the percentage of each variable was presented 
to provide an overview of the data distribution. Bar charts were used to visually illustrate the patterns 
among variables, and the chi-square test was applied to assess whether significant associations 
existed between them. The second stage was modeling and model selection. In this step, several log-
linear models were constructed and evaluated based on their goodness-of-fit statistics. This procedure 
aimed to identify the most appropriate model that accurately represents the relationships among the 
variables. 

The third stage involved parameter estimation, where parameter values were derived from the 
selected model to determine which main and interaction effects were statistically significant. Finally, 
the conclusion stage summarized the analytical findings and provided interpretations of the observed 
relationships among leukocyte, hemoglobin, and hematocrit variables in DHF patients. 

3.3. Independent Model 
Independent model means a model that is formed without any interaction of the variables which 

𝑢!"($%) = 𝑢!'($() = 𝑢"'(%() = 𝑢!"'($%() [6] has the form: 

Log	𝑚!"# = 𝑢 + 𝑢$(!) + 𝑢'(") + 𝑢((#)  (1) 

where 𝑚$%( denotes the expected frequency in each ijk cell in the model, 𝑢 denotes the average 
general effect, 𝑢!($) denotes the main effect of the 1st category 𝑖, 𝑢"(%) denotes main effect of 2nd 
category, and 𝑢'(() denotes main effect of the 3rd category k. 

If all the variables are mutually independent, the expected frequency estimator for each cell is 
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3.4. One-Variable Interaction Model 
The two-variable interaction model indicates that the presence of interaction allows dependency 

between variables: between variable 1 and 2 with variable 3 present, variables 1 and 3 with variable 
2 present, or variables 2 and 3 with variable 1 present. If, among three variables, there is only one 
interaction that occurs between two variables, then the model is as follows: 
log𝑚!"# = 𝑢 +𝑢$(!) + 𝑢'(") + 𝑢((#) + 𝑢$'(!")  (3) 

where 𝑢!"($%) is the interaction between two variables, which can be an interaction between 1 and 2, 
1 and 3, or 2 and 3. The expected frequency estimator for each cell is as in (4). 
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3.5. Model Without Interaction of Three Variables 
The model without the interaction of three variables is a model consisting of three variables 

where the three variables are included in the model and each variable interacts in two directions. If 
there is an interaction between the three variables, the model is illustrated as in (5): 
log𝑚!"# = 𝑢 + 𝑢$(!) + 𝑢'(") + 𝑢((#) + 𝑢$'(!") + 𝑢$((!#) + 𝑢'(("#) (5) 

where 𝑢!"'($%() = 0. The expected frequency estimator is the following. 

𝑚9 !"# =
*)!#.+()!.$)*)#$+
()!..)*).#.+()..$)

.  (6) 

3.6. Saturated Model 
The last possible model is a saturated model, or a saturated model is a model that contains all 

possible parameters, and other parameters cannot be entered. This model can also be called a full 
model or full model because it consists of three variables with a two-way interaction of each variable 
and there is also an interaction of three variables [22]. The equation of the model is as follows: 
log𝑚!"# = 𝑢 + 𝑢$(!) + 𝑢'(") + 𝑢((#) + 𝑢$'(!") + 𝑢$((!#) + 𝑢'(("#) + 𝑢$'((!"#) (7) 

with a frequency estimator the expectations are as follows: 
𝑚9 !"# = 𝑛!"#.  (8) 

In the log-linear model, the expected cell frequency 𝑚- $%( is modeled as the exponential of a linear 
combination of parameters representing main effects and interactions. The parameterization is: 

log>𝑚9 !"#? = 𝜇 +	𝜆!1 +	𝜆"23 +	𝜆#2 +	𝜆!"1	2 +	𝜆!#1	23 + 𝜆"#23	2 + 𝜆!"#1	23	2 (9) 

where 𝜇 is the overall mean effect; 𝜆$), 𝜆%*+, and 𝜆(*represent the main effects of each variable; and 
𝜆$%)*, 𝜆$()*+, 𝜆%(*+*, and 𝜆$%()*+*represent the two-way and three-way interaction effects, respectively. 
To ensure identifiability, the constraints are imposed: 

∑ 𝜆$)$ = ∑ 𝜆%*+% = ∑ 𝜆(*( , and similar zero-sum constraints for the interaction terms. 

3.7. Goodness of Fit Test 
Goodness of fit statistics is used compare or determine whether there is a distance between 

observations. To test the hypothesis in each model, the Person chi-square test was used (𝜒") by using 
the equation: 
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or can also use the likelihood ratio test (𝐺") with the (10): 
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3.8. Model Selection 
The stepwise selection procedure combined forward inclusion and backward elimination, with 

model terms entered or removed based on the likelihood ratio chi-square (∆𝐺²) test. Terms were 
considered for entry if 𝑝 < 0.05 and removed if 𝑝 > 0.05. Hierarchical structure was strictly 
preserved throughout the stepwise process, ensuring that higher-order interactions were retained only 
when their corresponding lower-order terms were included. If an independent variable has entered 
one stage, it may be excluded in the subsequent stage as it is no longer potential compared to other 
variables that enter the model. 
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4. Results and Discussion 
This section presents descriptive statistics of the data used and also the comparison of the best 

models that are feasible to use. 

4.1. Descriptive Statistics 
Using descriptive statistics, the percentage of each variable can be examined to see whether there 

is a relationship between each variable. 

 
Fig. 1 Percentage of each variable. 

From Fig. 1, it can be seen that the normal hemoglobin level has the largest percentage of 
71.88%, meaning that the majority of patients have normal hemoglobin levels, whereas 27.12% 
patients have abnormal hemoglobin. While for leukocytes, the majority of patients also had normal 
leukocyte levels with a percentage of 62.71% and 37.21% had abnormal leukocyte levels. However, 
this is inversely proportional to the hematocrit level. Based on Fig. 1, it can be seen that the majority 
of DHF patients at RSUD Abdul Moeloek Lampung have abnormal hematocrit levels with a 
percentage of 61%, while those that are not normal have a percentage of 39%. Based on this 
description, it seems that there is an influence of the three variables on the number of DHF patients 
in Abdul Moeloek Hospital, Lampung. 

4.1.1. 4.1.1 Relationship Between Leukocyte and Hematocrit 
Fig. 2 presents a bar chart illustrating the relationship between leukocyte levels and hematocrit 

status among DHF patients. This visualization provides an initial overview of how variations in 
leukocyte counts correspond to differences in hematocrit levels, serving as a descriptive basis before 
further statistical analysis: 

 
Fig. 2 Bar chart of leukocytes and hematocrit. 

Among patients with normal leukocyte levels, the proportion of abnormal hematocrit levels was 
higher than that of normal hematocrit levels, indicating that most patients with normal leukocyte 
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counts tended to exhibit abnormal hematocrit levels. Conversely, among patients with abnormal 
leukocyte levels, the proportion of normal hematocrit levels was greater than the abnormal category, 
suggesting a different distribution pattern. These findings provide an initial of possible association 
between leukocyte and hematocrit levels. Consequently, the null hypothesis (𝐻,) assuming no 
relationship between the two variables tends to be rejected, implying the presence of a significant 
association. 

Table 2. Chi-Square Tests 1 

Test Value df asymp. Sig. (2-sided) 
Pearson Chi-Square 5.963a 1 .015 
Likelihood Ratio 5.955 1 .015 
Linear-by-Linear Association 5.862 1 .015 
N of Valid Cases 59   
a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 8.58. 
b. Computed only for a 2x2 table 

Based on Table 2, the chi-square test yielded a value of 5.963 with 1 degree of freedom and a p-
value of 0.015, which is below the 5% significance level (𝛼 = 0.05). Since the p-value is less than 
the predetermined significance threshold, the null hypothesis (𝐻,) of no association is rejected. Thus, 
it can be concluded that there is a statistically significant relationship between leukocyte levels and 
hematocrit levels. This statistical evidence reinforces the descriptive findings from the Fig. 2, which 
suggested the presence of an association between the two variables. 

4.1.2. Relationship between Hemoglobin and Hematocrit 
Fig. 3 presents the bar chart that illustrates the distribution of the examined variables among DHF 

patients at RSUD Abdul Moeloek Lampung. The bar chart serves to provide a clear comparison of 
the proportion of patients with normal and abnormal levels of hemoglobin, leukocytes, and 
hematocrit. By visualizing the data in this manner, it becomes easier to observe patterns and 
disparities across the three hematological indicators, which subsequently offer an initial descriptive 
understanding before proceeding to further statistical analysis. This graphical representation not only 
highlights the dominance of certain categories but also facilitates interpretation regarding the 
potential role of these variables in influencing the clinical profile of DHF patients. 

 
Figure 3. Bar chart of hemoglobin and hematocrit. 

Patients with normal hemoglobin levels tended to exhibit slightly higher proportions of normal 
hematocrit levels compared to abnormal ones, indicating that most patients with normal hemoglobin 
levels also presented with normal hematocrit levels. Conversely, among patients with abnormal 
hemoglobin levels, the proportion of abnormal hematocrit levels was significantly higher than that 
of normal hematocrit levels. These findings suggest a potential association between hemoglobin and 
hematocrit levels. To further examine this relationship, the chi-square test was conducted, and the 
results are presented in Table 3. 
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Table 3. Chi-Square Tests 2 

Test Value df asymp. Sig. (2-sided) 
Pearson Chi-Square 11,000a 1 .001 
Likelihood Ratio 13.168 1 .000 
Linear-by-Linear Association 10,814 1 .001 
N of Valid Cases 59   
a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 6.63. 
b. Computed only for a 2x2 table 

The chi-square value was 11,000 with a degree of freedom of 1 and a p-value of 0.001 (less than 
0.05). Because the p-value obtained is less than a significant level of 0.05, then 𝐻, is rejected. It can 
be concluded that there is a relationship between hemoglobin and hematocrit. The results of the chi-
square test are also in line with those presented in the Fig. 3, showing that there is a relationship 
between hemoglobin and hematocrit. 

4.1.3. Relationship between Leukocytes and Hemoglobin 
Similar to the analysis presented in Sections 4.1.1 and 4.1.2, the relationship between leukocyte 

levels and hemoglobin levels is first illustrated in Fig. 4. This visualization provides a descriptive 
overview of how variations in leukocyte counts correspond to hemoglobin status among DHF 
patients, serving as a preliminary step before statistical testing. The bar chart is presented in Fig. 4. 

 
Fig. 4. Bar chart of leukocytes and hemoglobin. 

It can be observed that among patients with normal leukocyte levels, the proportion of normal 
hemoglobin levels was substantially higher than that of abnormal hemoglobin levels, indicating that 
most patients with normal leukocyte counts also exhibited normal hemoglobin levels. A similar 
distribution was also found among patients with abnormal leukocyte levels, where normal 
hemoglobin levels were still more prevalent than abnormal ones. This consistent pattern across both 
categories suggests that variations in leukocyte levels do not substantially affect hemoglobin status. 
Therefore, it can be inferred that there is no significant relationship between leukocyte levels and 
hemoglobin levels. 

Table 4. Chi-Square Tests 3 

Test Value df asymp. Sig. (2-sided) 
Pearson Chi-Square .041a 1 .840 
Likelihood Ratio .041 1 .840 
Linear-by-Linear Association .040 1 .842 
N of Valid Cases 59   
a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 6.63. 
b. Computed only for a 2x2 table 
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Based on Table 4, the pairwise chi-square test between leukocyte and hemoglobin categories is 
non-significant (𝜒" = 0.041, 𝑑𝑓 = 1, 𝑝 = 0.841), although the interaction terms were evaluated 
and included or excluded in the final log-linear model based on hierarchical likelihood ratio (∆𝐺²) 
comparisons between nested models rather than pairwise tests alone. Unlike the previous test results, 
the p-value obtained was greater than the significance threshold, indicating that the null hypothesis 
(𝐻,) cannot be rejected. This finding is consistent with the descriptive analysis from Fig. 4, which 
suggested no association between leukocyte levels and hemoglobin levels. Therefore, it can be 
inferred that there is a high possibility that no interaction exists between leukocyte levels and 
hemoglobin levels in the best-fitting model. 

4.2. Model Analysis 
After conducting bivariate tests between the variables, the next step was to perform modeling 

and select the best-fitting model showing the relationship between the observed variables and the 
incidence of DHF. Using SPSS software, the modeling process was carried out systematically, and 
the results are presented in Table 5.  

Table 5. Model Selection 

No Model 𝑮𝟐 df sig 
1 𝐿 + 𝐻𝑏 +𝐻 +𝐻𝑏 ∗ 𝐻 + 𝐿 ∗ 𝐻 + 𝐿 ∗ 𝐻𝑏 + 𝐿 ∗ 𝐻𝑏 ∗ 𝐻 0.000 0 . 
2 𝐿 + 𝐻𝑏 +𝐻 +𝐻𝑏 ∗ 𝐻 + 𝐿 ∗ 𝐻 + 𝐿 ∗ 𝐻𝑏 0.688 1 0.407 
3 𝐿 + 𝐻𝑏 +𝐻 + 	𝐿 ∗ 𝐻𝑏 ∗ 𝐻 0.000 0 . 
4 𝐿 + 𝐻𝑏 +𝐻 20,896 4 0.000 
5 𝐿 + 𝐻𝑏 +𝐻 + 	𝐿 ∗ 𝐻𝑏 20,855 3 0.000 
6 𝐿 + 𝐻𝑏 +𝐻 + 	𝐿 ∗ 𝐻𝑏 + 𝐿 ∗ 𝐻 14,900 2 0.001 
7 𝐿 + 𝐻𝑏 +𝐻 + 	𝐿 ∗ 𝐻 +𝐻𝑏 ∗ 𝐻 1,773 2 0.412 
8 𝐿 + 𝐻𝑏 +𝐻 + 	𝐿 ∗ 𝐻𝑏 + 𝐻𝑏 ∗ 𝐻 7,688 2 0.021 
9 𝐻𝑏 ∗ 𝐻 + 	𝐿 ∗ 𝐻𝑏 + 𝐿 ∗ 𝐻 0.688 1 0.407 
10 𝐻𝑏 ∗ 𝐻 + 	𝐿 ∗ 𝐻𝑏 + 𝐿 ∗ 𝐻 + 	𝐿 ∗ 𝐻𝑏 ∗ 𝐻 0.000 0 . 
11 𝐻𝑏 ∗ 𝐻 + 	𝐿 ∗ 𝐻𝑏 + 𝐿 ∗ 𝐻 + 𝐿 0.688 1 0.407 
12 𝐻𝑏 ∗ 𝐻 + 	𝐿 ∗ 𝐻𝑏 + 𝐿 ∗ 𝐻 + 𝐿 +𝐻𝑏 0.688 1 0.407 
13 𝐻𝑏 ∗ 𝐻 + 	𝐿 ∗ 𝐻𝑏 + 𝐿 ∗ 𝐻 + 𝐿 +𝐻 0.688 1 0.407 
14 𝐻𝑏 ∗ 𝐻 + 	𝐿 ∗ 𝐻𝑏 + 𝐿 ∗ 𝐻 +𝐻𝑏 +𝐻 0.688 1 0.407 

*L=Leukocytes, Hb=Hemoglobin, and H=Hematocrit 

It can be seen that 14 combinations of models were studied and compared. Model 1 (𝐿 + 𝐻𝑏 +
𝐻 + 𝐻𝑏 ∗ 𝐻 + 𝐿 ∗ 𝐻 + 𝐿 ∗ 𝐻𝑏 + 𝐿 ∗ 𝐻𝑏 ∗ 𝐻), model 2 (𝐿 + 𝐻𝑏 + 𝐻 + 	𝐿 ∗ 𝐻𝑏 ∗ 𝐻), and model 3 
(𝐻𝑏 ∗ 𝐻 + 	𝐿 ∗ 𝐻𝑏 + 𝐿 ∗ 𝐻 + 	𝐿 ∗ 𝐻𝑏 ∗ 𝐻) had 𝐺"= 0, with a significant value of 0. Therefore, this 
model is not very appropriate to use. The three models appear unsuitable because they are relatively 
complex, employing the interaction of three variables at once. It can also be inferred that 
incorporating the interaction of three variables at once will result in the model not being suitable for 
use. So, that further analysis was carried out without using interactions of three variables at once. 

Next, other simpler models were compared without incorporating the interaction of three 
variables. Model 4 (𝐿 + 𝐻𝑏 + 𝐻) was the simplest model because it did not involve interaction 
between variables. However, this model yielded the largest value, which was 20.896, with a 
significant value of 0.000 (less than 0.05). This result showed that this model could not be used 
because its significant value was 0.000, leading to the rejection of the model. Model 5 (𝐿 + 𝐻𝑏 +
𝐻 + 𝐿 ∗ 𝐻𝑏) was more complex than model 4, as it incorporated the interaction between leukocytes 
and hemoglobin. This model also produced a large value, which was, 20.855 with a significance 
value of 0.000 (less than 0.05). This result indicated that this model could not be used because its 
significant value was 0.05, leading to the rejection of the model. Model 6 (𝐿 + 𝐻𝑏 + 𝐻 + 	𝐿 ∗ 𝐻𝑏 +
𝐿 ∗ 𝐻) and model 8 (𝐿 + 𝐻𝑏 + 𝐻 + 𝐿 ∗ 𝐻𝑏 + 𝐻𝑏 ∗ 𝐻) were more complex than model 5. However, 
they yielded smaller 𝐺" value of 14,900 and 7,688, respectively. Then, model 6 had a significant 
value of 0.00, while model 8 had a significant value of 0.021 (both less than 0.05). Similar to model 
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4 and model 5, model 6 and model 8 had a significant value of less than 0.05, indicating rejection of 
𝐻, and suggesting that these models are also not suitable. 

Interestingly, the most complex models with many interactions were not suitable. Likewise, the 
simplest models without interaction were found to be unsuitable. Hence, a combination of other 
models was carried out until a good model was obtained. Furthermore, more complex models than 
model 4, namely model 2 (𝐿 + 𝐻𝑏 + 𝐻 + 𝐻𝑏 ∗ 𝐻 + 𝐿 ∗ 𝐻 + 𝐿 ∗ 𝐻𝑏), model 9 (𝐻𝑏 ∗ 𝐻 + 𝐿 ∗ 𝐻𝑏 +
𝐿 ∗ 𝐻), model 11 (𝐻𝑏 ∗ 𝐻 + 𝐿 ∗ 𝐻𝑏 + 𝐿 ∗ 𝐻 + 𝐿), model 12 (𝐻𝑏 ∗ 𝐻 + 𝐿 ∗ 𝐻𝑏 + 𝐿 ∗ 𝐻 + 𝐿 + 𝐻𝑏), 
model 13 (𝐻𝑏 ∗ 𝐻 + 𝐿 ∗ 𝐻𝑏 + 𝐿 ∗ 𝐻 + 𝐿 + 𝐻), and model 14 (𝐻𝑏 ∗ 𝐻 + 	𝐿 ∗ 𝐻𝑏 + 𝐿 ∗ 𝐻 + 𝐻𝑏 +
𝐻) had similar 𝐺", degrees of freedom, and p-value. The value of 𝐺" was 0.688, with a degree of 
freedom of 1, and a p-value of 0.407. These results suggested that these six models were appropriate 
because they had a p-value that was greater than the 0.05 significant level, so 𝐻, was not rejected. 
These results are quite interesting because with several combinations of models obtained the exact 
same value. Model 2, model 9, model 11, model 12, model 13, and model 14 had an interaction 
between leukocyte level and hemoglobin level. However, as previously explained, there is no 
relationship between leukocytes and hemoglobin, which may explain why these six models yielded 
the same values. 

Therefore, the six previous models were compared with a model with no interaction between 
leukocytes and hemoglobin, namely model 7 (𝐿 + 𝐻𝑏 + 𝐻 + 	𝐿 ∗ 𝐻 + 𝐻𝑏 ∗ 𝐻). Model 7 was not too 
complex but not too simple. It had 𝐺" of 1.773, with degrees of freedom 2 and a p-value of 0.412. 
Model 7 had a p-value that was also greater than 0.05, meaning that 𝐻, is not rejected and the model 
was deemed appropriate. If compared to the six previous models, model 7 produced a higher p-value. 
Therefore, that in this study, model 7 was the selected 𝐺", which had a fairly small value with the 
largest p-value. Thus, it can be concluded that model 7 is the most suitable model or the best among 
other model combinations. Then from the selected model, parameter estimation was carried out. The 
results are shown in Table 6. 

Table 6. Estimate Parameter 

Parameter Estimate Std. Error Z Sig. 
Constant 1.386a    
[Leukocytes = 1] 1,099 .385 2.854 .004 
[Leukocytes = 2] 0b . . . 
[Hemoglobin = 1] .223 .335 .665 .506 
[Hemoglobin = 2] 0b . . . 
[Hematocrit = 1] -1.957 1.086 -1.802 .072 
[Hematocrit = 2] 0b . . . 
[Leukocytes = 1] * [Hematrocytes = 1] -1.361 .570 -2.387 .017 
[Leukocytes = 1] * [Hematrocytes = 2] 0b . . . 
[Leukocytes = 2] * [Hematrocytes = 1] 0b . . . 
[Leukocytes = 2] * [Hematocytes = 2] 0b . . . 
[Hemoglobin = 1] * [Hematrokit = 1] 2.868 1.076 2.665 .008 
[Hemoglobin = 1] * [Hematrokit = 2] 0b . . . 
[Hemoglobin = 2] * [Hematrokit = 1] 0b . . . 
[Hemoglobin = 2] * [Hematrokit = 2] 0b . . . 

The parameter estimates from the final log-linear model are presented in Table 6. Leukocytes in 
the abnormal category were significantly associated with increased expected cell frequencies 
compared to the reference category (𝛽 = 1.099, 𝑝 = 0.004; 𝑒𝑥𝑝(𝛽) = 3.00, 95% CI: 1.43–6.29). 
Hemoglobin showed no significant effect (𝛽 = 0.223, 𝑝 = 0.506), while hematocrit showed a 
marginal negative effect (𝛽 = −1.957, 𝑝 = 0.072). A significant negative interaction between 
leukocytes and hematocrit (𝛽 = −1.361, 𝑝 = 0.017; 𝑒𝑥𝑝(𝛽) = 0.26, 95% CI: 0.09–0.77) suggests 
that the co-occurrence of abnormal leukocyte and hematocrit levels was associated with lower-than-
expected cell frequencies. In contrast, the interaction between hemoglobin and hematocrit was 
significantly positive (𝛽 = 2.868, 𝑝 = 0.008; 𝑒𝑥𝑝(𝛽) = 17.6, 95%	CI: 2.1–146.2), indicating a 
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strong positive association. Reference categories (“0b”) correspond to the baseline levels for each 
variable. 

5. Conclusion 
Based on the explanation and findings, it can be concluded that leukocyte, hemoglobin, and 

hematocrit categories are significantly associated with each other within the DHF patient sample, 
with notable two-factor interactions between leukocyte–hematocrit and hemoglobin–hematocrit. 
Furthermore, the interaction effects between leukocytes and hematocrit as well as between 
hemoglobin and hematocrit were also found to significantly contribute to the model, indicating that 
the combined influence of these variables provides additional explanatory power in understanding 
the occurrence of DHF cases. However, the interaction between leukocytes and hemoglobin did not 
demonstrate a significant effect and therefore was excluded from the final model. The best-fitting 
model obtained from the analysis was expressed as 𝐿 + 𝐻𝑏 + 𝐻 + 𝐿 ∗ 𝐻 + 𝐻𝑏 ∗ 𝐻. This implies that 
DHF cases in Lampung Province are strongly associated with leukocyte, hematocrit, and hemoglobin 
levels, both individually and in terms of specific interactions. Nevertheless, it is important to note 
that leukocyte and hemoglobin levels do not directly influence one another, meaning that a decrease 
in leukocyte levels does not necessarily correspond to a decrease in hemoglobin levels, and vice 
versa. These findings provide a more comprehensive understanding of the hematological factors 
influencing DHF and can serve as a reference for further clinical or epidemiological studies. 
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