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Abstract: With millions of new cases and deaths reported every year, HIV/AIDS is a significant worldwide health concern.
Creating successful public health policies and interventions requires an understanding of the dynamics of HIV transmission and
progression. WHO predicted that by the end of 2022 roughly 39 million individuals worldwide would be living with HIV, out
of which 37.5 million are adults, whereas 1.5 million are children. Despite outstanding global gains in HIV/AIDS prevention,
treatment and care, Kenya continues to struggle to effectively handle the HIV epidemic, particularly in areas like Nyeri County.
Nyeri County Referral Hospital is a critical healthcare institution for HIV/AIDS patients in the region. However, there is still
a lack of understanding about the epidemiological characteristics of HIV/AIDS in this particular population. This study’s aim
was to use a GLM on HIV/AIDS data in Nyeri County Referral Hospital in Kenya. To determine the significance of model
parameters, Likelihood Ratio Test was used whereas significance of regression coefficients was determined using Wald Chi-
Square Test. Deviance was utilized to test for the goodness of fit. R software version 4.4.1 was utilized. This project may
help health policymakers in developing or refining HIV/AIDS care programs. Findings from the study can help healthcare
planners and policymakers allocate resources more efficiently to meet the requirements of HIV/AIDS patients. The fitted model
showed that, only ART use was significant (p-value = 2.684562 × 10−13). Because some covariates were not significant, each
of them was analyzed separately. Age was a significant predictor (p-value = 0.0001536103). The other variables were not
significant. This finding is consistent with previous evidence, which stresses the relevance of ART in lowering viral load,
enhancing immunological function, and extending the lives of people living with HIV. To build upon the current findings, future
research should explore additional variables that may influence HIV status, for example cultural beliefs, and access to healthcare
services. Again, future studies may involve the use of survival analysis through GLM in analyzing similar data.
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1. Introduction
The HIV/AIDS is among the major global health problems

with every year millions of people coming under its influence
while millions are dying from it around the face of the world.
Health providers will not be able to develop effective public
health policies as well as programs and interventions without
understanding the HIV transmission and progression factors
[2]. For many people, HIV has become less severe since the
discovery of antiretroviral therapy (ART), turning it from a

fatal sickness to a chronic condition that can be treated [1].
We utilize a flexible model, in this context a generalized linear
model (GLM), which provides a means for the incorporation
of a multitude of the features which cause or accelerate the
HIV transmission and get an individual in conviction with
the disease. In countries with low resources, the number of
HIV patients undergoing treatment has significantly increased
during the past ten years. By the end of December 2022, 29.8
million persons living with HIV globally had access to ART,
up from 7.7 million in 2010 [15]. Despite these remarkable
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accomplishments, HIV remains the world’s greatest infectious
killer.

It was the goal of this research project to investigate the
mechanics of HIV infection and bringing its evidence-based
interventions to light through diversity concerning the use
of GLMs in the epidemiology. The struggle with HIV has
become the world priority, and its goal is to search for the cure,
prevention, and treatment after being afflicted. Especially in
low- and middle-income nations, the illness is among the most
pressing issues in public health in the globe [7].

In many regions of the world, poverty, illiteracy and
restricted access to healthcare services pose serious obstacles
to HIV prevention and treatment. Discrimination and
stigma against those who are HIV/AIDS positive might deter
people from getting tested and treated, which accelerates the
virus’s transmission [2]. HIV transmission is largely caused
by behavioral factors, including multiple sexual partners,
unprotected intercourse, and intravenous drug use. Developing
focused strategies to lower the incidence of HIV requires an
understanding of these factors [4].

There is still a lack of understanding about the
epidemiological characteristics of HIV/AIDS [14]. Individuals
who are HIV positive are more vulnerable to secondary
infections because of their compromised immune systems.
One of the most prevalent co-infections and a major cause
of death for HIV-positive individuals is tuberculosis (TB).
HIV-positive people are also frequently infected with human
papillomavirus (HPV), hepatitis B and C and other sexually
transmitted infections (STIs). These co-infections make
treatment and management more difficult, necessitating the use

of integrated healthcare approaches to treat several illnesses at
once [5, 8].

Applying the GLM to the data, we obtained the results in
Table 1. ART use had a significant positive effect on the
outcome (p-value = 2.684562 × 10−13). This means that,
holding all other factors constant, individuals using ART are
much more likely to have a positive HIV status compared to
those not using ART. The negative estimate suggested that as
age increases, the likelihood of the outcome decreases. In the
multivariable model, ART use remained a highly significant
predictor, showing a strong positive effect on the outcome.
Age, however, was not significant when it is included in the
model containing ART use.

2. Materials and Methods

Generalized Linear Model
Generalized Linear Models are essential in broadening the

understanding of linear regression models. GLMs also expand
the general linear model framework to meet instances when
general linear models are inapplicable[6,11]. Generalized
Linear Models (GLMs) come with several assumptions.
Firstly, the data points (Y1, Y2, · · ·Yn) are assumed to be
independently distributed. Secondly, while GLMs often
use distributions from the exponential family, the dependent
variable Yi doesn’t necessarily need to be normally distributed
[9,10]. In this work, we considered the Logistic Regression
model for modelling HIV Status. The model characteristics
included [3], a linear predictor given by

ηi = β0 + β1xi1 + · · ·+ βpxip = β0 +

p∑
j=1

βixij , i = 1, · · · , n (1)

and a Link function which explains the correlation between the mean, E(Yi) = µi, and the linear predictor, g(µi) = ηi.
The logit model is given as

P (Y = 1 | X = xi) =
exp(β0 +

∑p
i=1 βixi)

1 + exp(β0 +
∑p

i=1 βixi)
. (2)

The logit transformation allowed modeling of the binary outcome as a linear combination of predictor variables. By
transforming the probabilities to the log-odds scale, it linearized the relationship between the predictors and the HIV Status.
That is

logit(P (x)) = ln

[
P (Y = 1 | X = xi)

1− P (Y = 1 | X = xi)

]
(3)

When Y contains binary data, the correlation between the numerical parameters and the response variable Y = f(x) can be
fitted using a logistic regression curve. The logistic curve first grows gradually before becoming exponential and then settling at
a consistent pace [12].

3. Results and Discussion

3.1. Parameter Estimates of the Logistic Regression Model

The generalized linear model was fitted to determine which variables are significant in modelling the HIV/AIDS status (Table
1).
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Table 1. Parameter Estimates from the Logistic Regression Model.

Coefficient Estimate Standard Error z value Pr(> |z|)

Intercept -14.11691577 2.95389118 -4.7790913 1.760892 × 10−6

Age -0.02540454 0.01850866 -1.3725761 1.698842 × 10−1

Gender 0.23198580 0.51200343 0.4530942 6.504809 × 10−1

Marital Status 0.14431027 0.51823771 0.2784635 7.806566 × 10−1

Education level 0.12389535 0.25770584 0.4807627 6.306852 × 10−1

Alcohol use 0.15268775 0.53409249 0.2858826 7.749680 × 10−1

Co-infection 0.19989244 0.14026956 1.4250593 1.541401 × 10−1

ART use 7.70583622 1.05424504 7.3093407 2.684562 × 10−13

The intercept is highly significant with a very small p-value
(1.760892×10−6), indicating that the baseline log-odds of the
response variable (when all predictors are zero) is significantly
different from zero. ART use has a significant positive effect
on the outcome (p-value = 2.684562 × 10−13). This means
that, holding all other factors constant, individuals using ART
are much more likely to have a positive HIV status compared
to those not using ART. This is an important finding as this
indicates that, the administration of the ART on the HIV

positive individuals is actually on the targeted population.

Some covariates were not significant. An analysis for each of
them separately apart from Model 8 which had two covariates
was conducted, (See Table 2).

3.2. Logistic Regression Results for Different Models

The results for the logistic Regression for the different
Models are displayed in Table 2.

Table 2. Logistic Regression Results for Different Models.

Coefficient Estimate Std. Error z-value Pr(> |z|)

Model 1

Intercept 0.54534063 0.333430530 1.635545 0.1019348537

Age -0.02969899 0.007846168 -3.785159 0.0001536103

Model 2

Intercept -0.63991659 0.3355354 -1.9071510 0.05650104

Gender -0.02292524 0.2114969 -0.1083951 0.91368225

Model 3

Intercept -0.59288690 0.3376967 -1.7556787 0.07914328

Marital Status -0.05374026 0.2116011 -0.2539697 0.79951894

Model 4

Intercept -1.0315227 0.3717983 -2.774415 0.005530106

Alcohol use 0.2205925 0.2189891 1.007322 0.313780179

Model 5

Intercept -0.97024046 0.2386244 -4.065974 4.783234 × 10−5

Co-infection 0.08121534 0.0579919 1.400460 1.613756 × 10−1

Model 6

Intercept -13.091484 2.020490 -6.479362 9.211110 × 10−11

ART use 7.578055 1.034557 7.324924 2.390338 × 10−13

Model 7

Intercept -0.56932 0.31745 -1.793 0.0729

Education level -0.03961 0.11300 -0.351 0.7260

Model 8

Intercept -11.92245496 2.11544245 -5.635916 1.741307 × 10−8

Age -0.02816332 0.01831381 -1.537819 1.240929 × 10−1

ART use 7.56994389 1.03860089 7.288598 3.131981 × 10−13
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In the univariable Model 1, Age is a significant predictor
(p-value = 0.0001536103). The negative estimate suggests
that as age increases, the likelihood of the outcome decreases.
This could be due to an individual becoming responsible as
one advances in age. Gender, Marital status, Education level,
Alcohol use and Co-infection are not significant predictors
when considered alone. However, ART use was a highly
significant predictor in this univariable model (p-value =
2.390338 × 10−13). The large positive estimate indicates a
strong effect on the outcome, with ART use greatly increasing
the likelihood of the ART being used for the HIV positive
individuals as intended. In this multivariable model, ART
use remained a highly significant predictor, showing a strong
positive effect on the outcome. Age, however, is not significant
when it is included in the model containing ART use (See
Model 8). This suggests that while age might be significant
in a univariable analysis, its effect might be overshadowed by
the strong influence of ART use in the multivariable context.

4. Conclusions

The study found that ART use was the most significant
predictor of HIV status in the sample population (p-value
= 2.684562 × 10−13). Individuals on ART were likely
to be HIV positive, highlighting the critical importance of
ART in regulating HIV transmission and progression. When
ART use was taken into account, however, age lost its
statistical significance, implying that its impact on HIV status
is moderated in the face of successful treatment. This finding
suggests that, regardless of age, access to and use of ART
is critical in HIV management. It also emphasizes the
potential of ART to improve HIV-related health outcomes
across age groups. Other variables such as gender, marital
status, education level, alcohol use, and co-infection with
diseases like tuberculosis were not individually significant in
the multivariable model. In the univariable Model 1, Age was
a significant predictor (p-value = 0.0001536103).

In conclusion, to build upon the current findings, future
research should explore additional variables such as cultural
beliefs, and access to healthcare services that may influence
HIV status. Longitudinal studies may also be considered in
future studies.
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