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Abstract: Background: As one of the countries in the Sub-Saharan African Region, Ethiopia also happens to bear a higher 

burden of HIV infection. For HIV-infected patients, the level of CD4 count remains an important test with regard to diagnostic 

decision-making. There is limited information on predictors of longitudinal change in CD4 count over time that examine 

immunologic response of patients during the course of treatment in Ethiopia. Therefore, this study aimed to examine predictors 

of change in CD4 count among adult HIV infected patients on antiretroviral treatment in west Hararghe zone, Ethiopia. 

Methods: An institutional based retrospective cohort study was conducted among 405 adult HIV/AIDS patients on Anti-Retro 

Viral Therapy (ART) from September 2013 to January 2019. Data was entered into Epi info 7 and analyzed in R software. 

Generalized mixed effect model was applied to identify predictors of longitudinal change in CD4 count. Results: In 

multivariable analysis time since start of ART (beta=0.306, 95%CI, 0.286: 0.326), primary level educational status (beta=0.048, 

95%CI, 0.004: 0.092), tertiary educational status (beta=0.094, 95%CI, 0.007: 0.182), WHO RVI stage II (beta=-0.108, 95%CI, 

-0.156:-0.061), bedridden functional status (beta=-0.175, 95%CI,-0.309:-0.039), poor baseline adherence (beta=-0.145, 95%CI, 

-0.214: -0.076) and baseline weight (beta=-0.004, 95%CI, -0.006, -0.002) were significant predictors of longitudinal CD4 

change. Conclusion: In this study time since start of ART, primary and tertiary educational status contributed positively to the 

change in CD4 count whereas bedridden functional status, poor adherence, WHO RVI stage II and baseline weight are 

negatively associated with longitudinal change in CD4 count. Close monitoring for bedridden patients and patients with poor 

baseline adherence is needed especially during the initiation of ART for immunological response. 
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1. Introduction 

Globally, 37.9 million people are living with HIV until the 

end of 2018 of which 36.2 million are adults [1]. HIV/AIDS is 

a major public health problem in Sub-Saharan Africa since the 

region bears the highest burden of HIV infection. Ethiopia, as 

one of these countries has been affected by the epidemic with 

overall prevalence of 1.5% and prevalence of 1% among 

adults. In 2018, 690 000 individuals were living with HIV, of 

which 23,000 were newly infected with HIV and 11,000 died 

from an AIDS-related illness in Ethiopia [2, 3]. 

Patients with retro viral infection (RVI) presented with 
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advanced HIV disease need to be identified for prophylaxis 

against opportunistic infections and intensive monitoring for 

immune recovery. In addition when viral suppression and 

ARV drug resistance happens CD4 may be depleted and need 

CD4 count guided management [4]. CD4 count remains an 

important test with regard to diagnostic decision-making 

particularly for patients with advanced HIV disease. 

Monitoring of CD4+ cell counts over time provides a 

surrogate measure of HIV disease progression [5, 6]. 

Because HIV disease compromise the immune system by 

affecting the CD4 cell counts it can be employed to make 

appropriate decisions for the initiation of ART, identifying 

degree of immunosuppression and proper management of the 

progression of the infection [7]. It is an essential component 

of HIV treatment and care programmes and help healthcare 

providers by guiding key clinical decisions ranging from 

when to start (ART) to whether or not to screen for or 

provide prophylaxis against opportunistic infections [8, 9]. 

Despite the above facts there is limited information on 

longitudinal change in CD4 count over time and its determinants 

that examine immunologic response of patients during the 

course of treatment in Ethiopia. Factors associated with CD4 

change in HIV patients are multiple and complex and there is 

disagreement between studies on factors related to CD4 change 

like sex and age. Moreover previous studies failed to assess the 

effect of TB co-infection, weight and treatment regimen. 

Therefore, this study aimed to examine predictors of 

change in CD4 count among adult HIV infected patients on 

antiretroviral treatment in west Hararghe zone, Ethiopia. The 

finding would be helpful for health professionals and patients 

to facilitate proper management by monitoring effectiveness 

of ART. In addition it would provide support for possible 

therapeutic interventions and, could result in a better quality 

of life and survival for patients. 

2. Methods 

2.1. Study Design and Settings 

An institutional based retrospective cohort study was 

conducted among adult HIV/AIDS patients on ART from 

September 2013 to January 2019 at public hospitals in West 

Hararghe zone of Oromia region, Ethiopia. Among five 

hospitals in the zone the study was conducted in Chiro Zonal 

hospital and Gelemso General Hospital because of 

availability of the ART data. The two hospitals render 

services to around 2,300,000 population of the zone. At time 

of the study a total of 413 from Chiro Zonal Hospital and 221 

patients from Gelemso General Hospitals are on ART. 

2.2. Study Population 

The study included all adult HIV/AIDS patients who started 

ART between 2013 and 2019 and registered in the ART 

registry log book from Chiro and Gelemso Hospitals. Patients 

who had at least two CD4 count measurements were included 

in the study. From HIV positive adults who started ART in the 

two selected hospital from September 2013 to January 2019, 

405 patients who meet inclusion criteria were selected. 

2.3. Data Collection Procedures 

The data for this study was collected using a data 

extraction checklist. A baseline and follow up CD4 cell count 

data was identified and collected from the registration 

logbook of HAART attendants. Similarly, socio demographic 

variables, visiting times and clinical data were collected from 

the registration documents of patients. The data were 

collected by health professional after they had been given 

adequate orientation. 

2.4. Measurement of Study Variables 

Dependent variable for this study was CD4 cell count 

change. CD4 cell count change is defined as the difference 

between CD4 cells/mm
3
 in the current visiting time and CD4 

cells/mm
3
 in visiting times immediately prior to the current 

response. Socio demographic variables (age, gender, marital 

status, educational status, occupational status, place of 

residence), baseline clinical variables (WHO RVI stage, base 

line weight, initial ART regimen, TB co-infection, 

opportunistic infection prophylaxis, baseline functional status 

and baseline adherence) were independent variables. 

2.5. Data Quality Assurance 

By conducting preliminary review adequacy of checklist 

was evaluated and variables on which data are unavailable 

were excluded from checklist. Trained health professionals 

were assigned as data collectors. Additionally, to ensure data 

quality filled checklist was checked for consistency and 

completeness. Strict supervision was applied by supervisors 

during data collection. 

2.6. Data Processing and Analysis 

The data entry was done using Epi Info 7 and then exported 

to R statistical software 3.6.2 for further analysis. Descriptive 

statistics such as mean, median, standard deviations (SDs) and 

tables were used to investigate the characteristics of the study 

participant. Generalized linear mixed effect model (GLMM) 

with log link function was used to identify predictors of 

changes in CD4 cell count. Both the random intercept and 

slope-intercept models were examined to see the model fit. 

Model comparison was done using likelihood ratio test. 

We conducted bi-variable analyses to examine the 

relationship between each independent variable and 

longitudinal CD4 count measurement. Variables that were 

statistically significant at p values of 0.2 in bi-variable 

analyses were included in the multivariable analysis. 

Variables that were not statistically significant were excluded 

from the model with the exception of variables shown in 

previous studies to influence the outcome. 

For multivariable analysis we used generalized linear mixed 

effect model with log link function predictors significantly 

associated with longitudinal CD4 change. Regression 

coefficients (beta) of the final model and their 95% confidence 

intervals were used as measures of association between the 
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predictors and outcome variable. A p value of less or equal to 

0.05 was considered statistically significant. 

3. Results 

A total of 405 patients on ART who meet inclusion criteria 

were included in the study of which 61.23% were from Chiro 

Zonal Hospital and 38.77% were from Gelemso General 

Hospitals. The median duration on ART and age of study 

participant was 39 months and 34 years (IQR, 27.0-40.0) 

respectively. Majority of the study subjects were females 

(65.4%), 60% were from urban area and 55.1% were 

married. Mean baseline weight (±SD) was 53.10 (10.48) Kg, 

and 337 (83.2%) participants had working baseline functional 

status, 330 (81.5%) had TB co-infection and 19 (4.7%) were 

in WHO stage IV (Table 1). 

Table 1. Baseline characteristics of RVI patients on ART in West Hararghe 

zone, Ethiopia, 2013 to 2019. 

Variables Category 
Frequency 

(n=405) 

Percentage 

(%) 

Sex 
Male 140 34.6 

Female 265 65.4 

Marital status 

Single 46 11.4 

Married 223 55.1 

Divorced 57 14.1 

Widowed 48 11.9 

Separated 31 7.7 

Occupational 

status 

Government employed 34 8.4 

Non-government 

employed 
96 23.7 

Farmer 87 21.5 

Student 26 6.4 

Housewife 94 23.2 

Merchant 53 13.1 

Other 15 3.7 

Place of 

residence 

Urban 243 60.0 

Rural 162 40.0 

Educational 

status 

Uneducated 129 31.9 

Primary 154 38.0 

Secondary 77 19.0 

Tertiary 43 10.6 

Diploma and above 2 0.5 

RVI stage 

Stage I 207 51.1 

Stage II 58 14.3 

Stage III 121 29.9 

Stage IV 19 4.7 

Functional 

Working 337 83.2 

Ambulatory 55 13.6 

Bedridden 13 3.2 

Adherence 

Good 353 87.2 

Fair 18 4.4 

Poor 34 8.4 

TB co-infection 
Yes 75 18.5 

No 330 81.5 

OIP 
Yes 361 89.1 

No 44 10.9 

ART regimen 

AZT, 3TC, NVP 23 5.7 

AZT, 3TC, EFV 19 4.7 

TDF, 3TC, NVP 17 4.2 

TDF, 3TC, EFV 346 85.4 

Other=(Daily laborer, Driver). 

 

3.1. Exploring Changes in CD4 Cell Count 

A minimum of two and a maximum of four CD4 count 

measurements were taken for patients on ART during study 

period. Figure 1 & Figure 2 presents individual profile plots 

and mean profile plot indicating that there is variability of 

CD4 count within and between patients. At baseline, 

patients had different starting points for CD4 count, 

suggesting a random intercept model. Looking at Figure 1, 

trajectories of CD4 over time show considerable 

heterogeneity which suggests to consider a mixed model 

with random slopes. 

 
Figure 1. Individual profile plot for longitudinal CD4 trajectory among RVI 

patients on ART at public hospitals in west Hararghe zone, Ethiopia, 2013 to 

2019. 

 
Figure 2. Mean profile plot for longitudinal CD4 trajectory among RVI 

patients on ART at public hospitals in west Hararghe zone, Ethiopia, 2013 to 

2019. 

3.2. Model Comparison 

In order to choose between random intercept only mixed 

model and random intercept and slope mixed model, a 

likelihood ratio test was carried out (Table 2). The result 

shows that random intercept and slope mixed model is a 
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better model to fir the data. 

Table 2. Shows model comparison for longitudinal models using Likelihood ratio test. 

Model AIC Log-Likelihood Chi-square P-value 

Random intercept model 128475 -64213   

Random intercept and slope model 79551 -39748 48928 <0.001 

 

Predictors of Longitudinal CD4 cell count change 

We fitted generalized linear mixed effect model with log 

link function to identify predictors of longitudinal CD4 count 

by adjusting for the effect of the covariates which were 

significantly associated with longitudinal change in CD4 in 

bi-variable analysis at p value of 0.2 (educational status, 

occupational status, place of residence, sex, baseline weight, 

WHO RVI stage, baseline adherence, duration on ART, TB 

co-infection, and functional status). 

Table 3 shows in multivariable analysis time since start of 

ART (beta=0.306, 95%CI, 0.286: 0.326), primary level 

educational status (beta=0.048, 95%CI, 0.004: 0.092), tertiary 

educational status (beta=0.094, 95%CI, 0.007: 0.182), WHO 

stage II (beta=-0.108, 95%CI, -0.156:-0.061), bedridden 

functional status (beta=-0.175, 95%CI, -0.309:-0.039), poor 

baseline adherence (beta=-0.145, 95%CI,-0.214:-0.076) and 

baseline weight (beta=-0.004, 95%CI, -0.006, -0.002) were 

significant predictors of longitudinal CD4 change. 

Table 3. Generalized linear mixed effect model for predictors of the changes in CD4 cell count over time for RVI patients on ART, 2013 to 2019. 

Variables Category beta SE P-Value 95%CI 

Intercept  5.777 0.084 <0.001 (5.612, 5.942) 

Time  0.306 0.010 <0.001 (0.286, 0.326) 

Sex 
Male Ref. Ref. Ref. Ref. 

Female 0.019 0.023 0.413 (-0.027, 0.066) 

Occupational status 

Government employed Ref. Ref. Ref. Ref. 

Non-government employed 0.025 0.045 0.586 (-0.064, 0.114) 

Farmer 0.027 0.050 0.598 (-0.073, 0.126) 

Student -0.081 0.049 0.102 (-0.178, 0.016) 

Housewife -0.069 0.047 0.134 (-0.161, 0.022) 

Merchant 0.037 0.048 0.436 (-0.057, 0.122) 

Other* 0.042 0.058 0.472 (-0.072, 0.155) 

Place of residence 
Urban Ref. Ref. Ref. Ref. 

Rural 0.030 0.027 0.255 (-0.022, -0.083) 

Educational status 

Uneducated Ref. Ref. Ref. Ref. 

Primary 0.048 0.023 0.034 (0.004, 0.092) 

Secondary 0.002 0.024 0.933 (-0.046, 0.049) 

Tertiary 0.094 0.045 0.034 (0.007, 0.182) 

Diploma and above 0.238 0.154 0.121 (-0.063, 0.539) 

RVI stage 

Stage I Ref. Ref. Ref. Ref. 

Stage II -0.108 0.024 <0.001 (-0.156, -0.061) 

Stage III -0.036 0.027 0.177 (-0.089, 0.016) 

Stage IV 0.089 0.061 0.141 (-0.029, 0.209) 

Functional 

Working Ref. Ref. Ref. Ref. 

Ambulatory -0.009 0.034 0.802 (-0.076, 0.058) 

Bedridden -0.175 0.069 0.011 (-0.309, -0.039) 

Adherence 

Good Ref. Ref. Ref. Ref. 

Fair -0.034 0.054 0.520 (-0.140, 0.071) 

Poor -0.145 0.035 <0.001 (-0.214, -0.076) 

TB co-infection 
No Ref. Ref. Ref. Ref. 

Yes -0.046 0.025 0.072 (-0.096, 0.004) 

Baseline weight  -0.004 0.001 <0.001 (-0.006, -0.002) 

Duration on ART  0.0001 0.001 0.911 (-0.0013, -0.0015) 

Variance component 

SD of Intercept 0.754 

SD of Time 0.205 

Other*: Daily worker, Drivers; Ref: Reference category; beta=regression coefficient. 

4. Discussion 

This longitudinal study examined the mean change in CD4 

lymphocyte count and its predictors among HIV/AIDS patients 

on ART in West Hararghe zone, Ethiopia. The result of our 

analysis indicated time since start of ART, educational status, 

baseline WHO RVI stage, functional status, adherence, and 

weight are significantly associated with CD4 count change. 

Expected change in CD4 cell count for all patients at baseline 

is 5.78, but shows substantial variation from one patient to 

another patient, with standard deviation of 0.75. 

Time since start of ART was strongly and significantly 

associated with longitudinal change in CD4 cell count. For a 

unit increase in time on ART the expected log count of CD4 

cell increase 0.31 (beta=0.306, 95%CI, 0.286: 0.326). This 
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finding is in agreement with previous study [10] and the 

possible reason is when patients took ART for long time 

adherence is more likely to have improved and this could 

result in increased CD4 count. 

Patients with primary and tertiary level educational status 

are expected to have 0.05 and 0.03 higher log counts of CD4 

cells as compared to uneducated ones (beta=0.048, 95%CI, 

0.094: 0.092) and (beta=0.034, 95%CI, 0.007: 0.082) 

respectively. This is consistent with findings from previous 

studies [11]. This could be explained by those patients who 

had access to education had better understanding on 

nutritious food. Therefore for educated ones proper nutrition 

increases the CD4 count among HIV infected adults [12]. 

For a unit increase in weight of patients the expected log 

count of CD4 cell decrease 0.004 (beta=0.004, 95%CI, -

0.006, -0.002). This finding is in agreement with previous 

study in Ethiopia [13] and the possible reason for this is that 

excess weight is associated with elevated levels of 

inflammatory markers and complication which may have 

negative immune effects. Moreover, it can be explained by 

the fact that some lipophilic antiretroviral drugs are affected 

negatively by increased weight of RVI patients [14, 15]. 

Baseline functional status of patients are also significant 

predictor of change in CD4 count over time. Patients with 

bedridden functional status are expected to have 0.175 lower 

log counts of CD4 cells as compared patients with working 

functional status (beta=-0.175, 95%CI, -0.309: -0.039) and 

the result is supported by previous studies [13, 16]. This 

might be due to patients with bedridden baseline functional 

status might be affected susceptible to opportunistic infection 

and complications which in turn has negative effect on CD4 

cell count. 

According to our study patients with poor baseline 

adherence are expected to have 0.145 lower log counts of 

CD4 cells as compared to patients with good baseline 

adherence (beta=0.145, 95%CI, -0.214: -0.076). The current 

study showed patients in WHO RVI stage II are expected to 

have 0.108 lower log counts of CD4 cells as compared to 

those in WHO RVI stage I (beta=-0.108, 95%CI, -0.156, -

0.061). The finding is in line with previous studies [13] and 

this is explained by RVI patients in higher stages are at more 

advanced stage of the disease, are prone to complication and 

this can reduce CD4 cell count. 

The main limitation of the current study was since it was 

based on secondary data from patient records data couldn’t 

be obtained for some important variables like nutritional 

status and substance use. Additionally, measurement of CD4 

count was not done for patients as per schedule and not 

available for some patients. 

5. Conclusions 

Time since start of ART, primary and tertiary educational 

status contributed positively to the change in CD4 count 

whereas bedridden functional status, poor adherence, WHO 

RVI stage II and weight are negatively associated with 

longitudinal change in CD4 cell count. Close monitoring for 

bedridden patients and patients with poor baseline adherence 

is needed especially during the initiation of ART for 

immunological response. Further prospective cohort studies 

are needed to assess the effect of substance use and 

nutritional status on longitudinal change in CD4 cell count. 

We recommend health professionals to consistently measure 

CD4 count as per schedule for all patients. 
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