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Background: Use of psychoactive substances by HIV-positive patients in the course of antiretroviral drug treatment has become a 
public health problem globally. Substance use (alcohol, nicotine, and khat) during the course of treatment results in interactions with 
drugs that lead to undesired treatment outcomes. This condition is understudied, and the consequences of substance use among patients 
on antiretroviral treatment are not well explored.
Methods: A prospective observational study was conducted among people on antiretroviral therapy (ART) at Jimma University 
Medical Center in southwest Ethiopia from April 20 to November 27, 2019. Data were collected using the World Health 
Organization’s alcohol, smoking, and substance involvement screening test among adults who have followed antiretroviral therapy 
for a minimum of 6 months. Logistic regression analysis was done to identify factors associated with immunological response. The 
inadequate immunological response was defined as patients who were unable to achieve or maintain a CD4 cell count of >350 cells/ 
mm³ after the 6-months of follow-up.
Results: Of the 332 patients enrolled, a majority (64.2%) of the respondents were females. The mean (±SD) age of the patients was 
38.5 ± 9.5 years. The proportion of participants with a high level of health risk due to alcohol use was 8.4%, while 63.8% of them were 
non-alcohol users with no health risk. In multivariable logistic regression analysis, moderate and high levels of health risks from 
alcohol use were significantly associated with increased odds of inadequate immunological response (AOR: 2.9; 95% CI, 1.1–7.4) and 
(AOR: 4.3; 95% CI, 1.2–14.8), respectively, but the level of health risk from khat and cigarette use showed no association with 
inadequate immunological response in this study.
Conclusion: Moderate and high levels of health risk from alcohol use were independently associated with inadequate immunological 
response. People living with HIV/AIDS should regularly be screened for and be educated about substance use and its potential 
negative impact on CD4 cell recovery.
Keywords: substance use, antiretroviral therapy, immunological response, HIV/AIDS

Background
Human Immunodeficiency Virus/Acquired Immunodeficiency Syndrome (HIV/AIDS) patients always have intercurrent 
health-associated issues: opportunistic infections, chronic inflammation, mental health conditions, medication side 
effects, and substance-use disorders, which result from immune suppression, treatment effects, shared risk factors, or 
disease processes.1 Incomplete immunologic response (CD4 <350 cells/μL) despite antiretroviral therapy (ART) was 
associated with an increased risk of mortality and morbidity.2–6 CD4+ cell count recovery is diminished in East Africa, 
and the observed differences are significant enough to influence clinical outcomes.7 To achieve an optimal immunolo-
gical response from antiretroviral therapy, firm assessment, and control of all determinants is mandatory.8–14
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Substance use among people living with HIV/AIDS (PLWHA) has raised many concerns associated with key 
therapeutic indices of treatment. However, study findings in this area are limited and inconsistent with their outcomes. 
In addition to increasing the risk of exposure to HIV/AIDS, ongoing substance use harms ART initiation, disease 
progression, immunological response, and compliance with medication.8 Studies showed the importance of assessing, 
monitoring, and targeting ongoing substance use in PLWHA to aid medication adherence. The use of a substance as a 
way of coping with stress increases the risk of medication non-adherence.15

Daily or greater frequency of crack cocaine use exacerbates HIV/AIDS disease severity independent of antiretroviral 
therapy, but further investigation is recommended because of the underlying biological mechanism or other factors 
attached to crack cocaine use.16 A higher HIV viral load was seen at times of crack cocaine use in a longitudinal pattern 
of illicit drug users.17 A recent review showed that active substance use is one of the major determinants of poor 
adherence to ART.18 Sub-optimal medication adherence has been observed among HIV/AIDS patients who use addictive 
drugs, or alcohol in a dose–response fashion of association between alcohol use and ART nonadherence is observed.18

Alcohol use alters the effectiveness of ART by weakening the immune system,19 its effects on drug metabolism, and 
medication adherence.20 Moderate alcohol use among those with CD4 >200 cells/mm³ did not affect the rate decline of 
CD4 cells to ≤200 cells/mm³ after 30 months compared to abstainers. Frequent alcohol users (two or more drinks daily) 
were three times more likely to present a decline of CD4 to ≤200 cells/mm³.21 People with alcohol dependence were nine 
times more likely to have CD4 ≤ 200 cells/mm³.22 The median CD4 cell count among habitual alcoholics, social 
alcoholics, and non-alcoholics was 168.3, 238.1, and 226.6, respectively.23 However, more advanced HIV/AIDS disease 
severity is associated with long-term patterns of persistent unhealthy alcohol use.24

One cohort study conducted in Switzerland reported that 52.3% of adult retroviral-infected patients used alcohol in the past 
6 months.25 In southern Brazil, 28.6% of PLWHA had alcohol abuse in the last year.26 In sub-Saharan Africa, the prevalence 
of unhealthy alcohol use among PLWHA was 32.2%.27 In Ethiopia, 27.5% of PLWHA used a substance at least once in their 
lifetime, and Alcohol was the primary abused substance.28 In Jimma, 32.6% of PLWHA had alcohol use disorder.29

The nicotine present in tobacco, which is an enzyme inducer, is predominantly metabolized by hepatic cytochrome 
P450 2A6 (CYP2A6) and CYP3A4, which metabolizes approximately half of the commercially available drugs including 
ART. The association between cigarette smoking and ART outcomes has been inconsistent.30–32 A prospective study in 
America revealed a significant baseline smoking-by-time interaction effect for low CD4 cell count.33 In Russia, recent 
cigarette use was independently related to unsuppressed viral load, but there were no significant differences in CD4 cell 
count.34 But in Boston, there was no association between cigarette use and HIV/AIDS disease progression, as measured 
by CD4 cell count and viral load.35

A cross-sectional study in Jimma showed that there was an association between khat use and missing at least one dose of 
ART medication in the preceding month,36 and its use has also been associated with an increased prevalence of smoking and 
alcohol use.37 In Jimma, even though it is a high-burden area for substance use, there is no data in Jimma and Ethiopia, which 
showed an association between the level of health risk alcohol, cigarette, and khat use with immunological recovery.

Despite the overall effect of substance use on ART response, its effect is still controversial because of the unclear 
effect of substances and presumed non-adherence. Also, the currently available evidence literature has shown discre-
pancies in findings for factors affecting immunologic response and there is no conclusive evidence of the association 
between substance use and immunological response. Studies in Ethiopia have shown the prevalence of alcohol, khat, and 
cigarette use among RVI patients, and two other studies also showed the risk level of alcohol use, but in our population/ 
setting yet no study has shown the association between the level of health risk substance use and HIV disease 
progression. Therefore, the main aim of this study was to determine the association between substance use and 
immunological response.

Method
Study Setting
This study was conducted at Jimma University Medical Center (JUMC) in southwest Ethiopia between April and 
November 2019. JUMC is the only referral hospital in the southwestern part of the country and provides fee-free services 
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for PLWHA. An outpatient treatment service for HIV was established in 2005. Since 2017 antiretroviral therapy is 
initiated for all clients tested HIV positive regardless of their CD4 level (with the principle of test and treat). A total of 
5518 people with HIV/AIDS were registered at the JUMC ART treatment center. Since 2019, about 3217 patients are on 
ART and 2953 of them are adults aged ≥18 years.

Study Design
A hospital-based prospective observational study was used.

Study Subject
The study subjects were adult PLWHA who have followed treatment for a minimum of 6 months at JUMC. Severely ill 
patients who required emergency medical help were excluded.

Sample Size and Sampling Technique
The sample size for this study was determined for both Inadequate immunological response (CD4 ≤350 cells/mm3) 
among adult RVI patients on ART and substance use among RVI patients. To obtain the maximum sample size for our 
study. We used the maximum calculated sample size from the two, based on a single population proportion formula, a 
95% confidence interval and proportion (p) taken as 27% for poor treatment outcome (CD4 ≤350 cells/mm3) among adult 
RVI patients on ART by Stefanie Kroeze in sub-Saharan Africa, 2018,2 which gives the maximum sample size from 
prospective studies with similar outcome measure to our study

Where: z = standard score corresponding to 95% CI=1.96
p = proportion of poor treatment outcome among RVI patients on HAART = 0.27
d = Margin of error/precision = 5%

According to the smart care database of the ART clinic, since the source population was 2953 which is less than 10,000 
populations the correction formula was used.

- n\(1+n/N) = 303/(1+ 303/2953) = 276, then when adjusted for 27.6 (10%) non-response.
The sample size was found to be 304.
Also, by using single population proportion formula, with a 95% confidence interval and a proportion (p) of 32.6% 

for alcohol use among PLWHA by Matiwos Soboka at JUMC in 2014,29 that gives the maximum sample size from the 
studies conducted on substance use among RVI patients on ART, the sample size was calculated and found to be 332.

Therefore, the maximum calculated sample size from the two (332) was considered the final sample size for this 
study.

A consecutive sampling technique was used. During the participant recruitment period (April 20 to May 19, 2019), all 
eligible adult clients of the ART clinic were invited and enrolled consecutively until the calculated sample size was 
obtained.

Study Variables
Outcome/Dependent Variable
Immunological response (CD4 cell count).

Main Exposure/Independent Variable
Substance Use-Related Factors
Alcohol use health risk level, cigarette use health risk level, khat use health risk level.

International Journal of General Medicine 2022:15                                                                             https://doi.org/10.2147/IJGM.S389010                                                                                                                                                                                                                       

DovePress                                                                                                                       
8439

Dovepress                                                                                                                                                            Belay et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Covariates/Confounders
Patient Related-Factors
Age, sex, residence, BMI, marital status, occupation, educational level, functional status, follow-up frequency in months.

Treatment-Related-Factors
Baseline ART adherence, current adherence, treatment duration in months, initial regimen, current regimen, ever 
switched regimen, single tablet regimen, co-medications.

Clinical Related-Factors
Baseline CD4 cell count, viral load, co-morbidities, TB history/OIs, new/recurrent OIs, hemoglobin level, WHO 
treatment stage.

Data Collection Instrument and Procedures
Exposure Variable
The level of health risk from substance use was measured by using the WHO alcohol, smoking, and substance 
involvement screening test (ASSIST),38 validated for use in primary care settings.39 By the recommended scoring 
from 0 to 27+, scores in the mid-range on the ASSIST are likely to indicate hazardous or harmful substance use 
(“moderate risk”) and higher scores are likely to indicate substance dependence (“high risk”). Questions particularly 
associated with dependent or “high risk” use are a compulsion to use (question 3), failed attempts to cut down (question 
7), and injecting behaviour (question 8).

Level of Health risk Alcohol Use: (0–10 low, 11–26 moderate, and 27+ high risk of health and other problems from 
current pattern of use).

Level of Health Risk Tobacco Use: (0–3 low, 4–26 moderate 27+ high risk of health and other problems from current 
pattern of use).

Level of Health Risk Khat Use: (0–3 low, 4–26 moderate, 27+ high risk of health and other problems from current 
pattern of use).

If the patient never used either khat or alcohol or cigarette in his/her lifetime he/she was considered as having no 
health risk for the substance he/she never used.38

A pre-tested structured questionnaire adapted from a review of related literature that contains patient, clinical, and 
treatment-related factors was applied to all participants. All participants voluntarily participated and signed informed 
consent forms before enrollment in the study. A face-to-face interview was conducted by five data collectors specifically 
selected from the ART clinic.

Data were coded by assigning a three-digit unique identification number, but together with this, a five-digit unique 
ART clinic card number was also used as a supportive identification tool. Information regarding patient and substance 
use-related factors was obtained from an interview during the participant recruitment period (April 20 to May 19). 
Applying the recommended cutoff points, the score obtained from ASSIST was grouped into four predefined health risk 
groups no risk, low, moderate, and high.

Outcome Variable
Immunological Response
Immunological response was measured after six months of the follow-up period. For all the patients included in the 
analysis, CD4 cell counts were done during the follow-up period from May 20 to November 27, 2019, and taken as the 
measure of immunological response.

Adequate Immunological Response
Patients who achieved or maintained a CD4 cell count of >350 cells/mm³ during the 6-months of follow-up.

Inadequate Immunological Response
Patients who were unable to achieve or maintain a CD4 cell count of >350 cells/mm³ during the 6 months of follow-up.40
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Data on baseline ART history were collected from documented medical records. The most recently documented CD4 
cell count was taken as baseline CD4 cell count for this study, baseline CD4 cell count measurements were conducted 
within the year of the study (mean of 3 months).

The immunological response was measured every six months with BD FACSprestoTM cartridge by the Hospitals antiretroviral 
therapy clinic laboratory unit with a staff of BSc in laboratory science and MSc in immunology, and samples were analyzed by 
using BD FACSPresto™ cartridges with finger-stick samples. The fingertip is punctured with the lancet, and then the first drop of 
blood is wiped. The second drop of blood is added into the inlet port of the cartridge. The finger is cleaned, the cartridge is capped, 
and a bandage is applied to the finger. Baseline plasma HIV-1 RNA load was measured by COBAS® AmpliPrep.

Adherence
Adherence = Number of doses of HAART taken ÷ Number of prescribed doses of HAART × 100%

Good adherence, >95%, fair adherence, 85–95%, and poor adherence, <85% doses taken.13,41,42 From the HIV care 
ART follow-up form, the documented adherence of participants from their most recently documented CD4 cell count was 
measured up to the date of enrolment of participants and was taken as baseline adherence. During the follow-up period, 
we followed the participants till their CD4 cell counts were conducted. We registered adherence at each follow-up visit. 
Then, for analysis purposes, we classified adherence as (Good adherence if >95% doses were taken at every follow-up 
visit, Poor if at least one ≤95% adherence was encountered at the follow-up visit).43 New/recurrent opportunistic 
infections were considered if the patient was initiated on treatment for that opportunistic infection.

Data Processing and Analysis Procedures
The collected data were entered into Epi-data version 3.1 then cleaned and exported to SPSS version 21 for analysis. 
Descriptive statistics were used to show the distribution of frequency. The analysis was performed using bivariate and 
multivariate logistic regression. Independent variables with a P-value of less than 0.25 in bivariate analysis were included 
in backward step regression. The overall statistical significance of the model was reported by adjusted odds ratios (AOR) 
with its corresponding 95% confidence interval, a p-value <0.05 was considered statistically significant.

Results
Socio-Demographic Characteristics
A total of 332 participants were enrolled in this study, and two-thirds (64.2%) of the participants were females. The mean 
(±SD) age of the patients was 38.58 ± 9.5 years. Thirty-nine of them were above 50 years. The mean (±SD) weight was 60.46 
kg (9.84 kg). Currently, most (73.8%) of the participants were urban residents. Married (52.4%), employed (36.7%), 
secondary education (35.8%), and 17.2% were underweight BMI (<18.5kg/m²). All clients had regular follow-up frequency: 
82 (24.7%), 157 (47.3%), 58 (17.5%), and 35 (10.5%) everyone, two, three, and six months, respectively (Table 1).

Clinical Characteristics
Disease-Related Characteristics
At enrolment, about 88.6% of study participants were on WHO clinical stage I, followed by WHO clinical stage II 
(9.6%), and TB history/opportunistic infection among 42 (12.7%), Co-morbidity among 68 (20.5%) (Table 2).

Treatment-Related Characteristics
An initial ART regimen of (TDF+3TC+EFV) 59.9% followed by (AZT+3TC+NVP) 22.3%, (TDF+3TC+NVP) 5.4%, (AZT 
+3TC+EFV) 4.8%, (D4T+3TC+EFV) 3.9%, (D4T+3TC+NVP) 3%, while the current ART regimens are (DTG+3TC+TDF) 
5.7%, (TDF + 3TC + EFV) 62.7%, (AZT+3TC+NVP) 16.9%, and (TDF+3TC+ATV/r) 1.8%. The minimum duration of 
ART at enrolment in this study was eight months, with a mean (±SD) of 74.2 (±36.6) months. Currently, the majority (68.4%) 
of participants were on a single tablet regimen (TDF+3TC+EFV and DTG+3TC+TDF). In line with this, 96.1% were on the 
first-line regimen. Overall, 65 (19.6%) had a history of switched regimens (before and during the study). The main reason for 
switching was suspected toxicity 28 (8.4%) followed by better first-line available 25 (7.5%). Those drugs responsible for 
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Table 1 Sociodemographic Characteristics of PLWHA in Jimma University Medical 
Center, 2019

Variable Category Frequency n (%)

Sex Male 119 (35.8)

Female 213 (64.2)

Asge (years) ≤ 50 293 (88.3)
>50 39 (11.7)

Residence Rural 87 (26.2)

Urban 245 (73.8)
Marital status Married 174 (52.4)

Single 51 (15.4)
Widowed 35 (10.5)

Divorced 72 (21.7)

Educational status No formal education 37 (11.1)
Primary (1–8) 119 (35.8)

Secondary (9–12) 119 (35.8)

College and above 57 (17.2)
Occupation Daily laborer 76 (22.9)

Employed at government/private/self 122 (36.7)

Student 9 (2.7)
Farmer 11 (3.3)

Unemployed 46 (13.9)

Housewife 61 (18.4)
Retired 7 (2.1)

BMI ≥18.5 275 (82.8)

< 18.5 57 (17.2)
Functional status Working 309 (93.1)

Ambulatory 23 (6.9)

Frequency of follow-up (in months) One month 82 (24.7)
Two month 157 (47.3)

Three month 58 (17.5)

Six month 35 (10.5)

Table 2 Baseline and Follow-Up Clinical Related Characteristics of PLWHA in Jimma 
University Medical Center, 2019

Variable Category Frequency n (%)

Baseline CD4 cell count > 350 cells/mm3 Yes 273 (82.2)

No 59 (17.8)
Viral load <1000 copies/mL Yes 297 (89.5)

No 35 (10.5)
WHO treatment stage T1 294 (88.6)

T2 32 (9.6)

T3 6 (1.8)
Hemoglobin level < 12 131 (39.5)

≥ 12 201 (60.5)

TB history/opportunistic infection Yes 42 (12.7)
No 290 (87.3)

New/recurrent opportunistic infections Yes 16 (4.8)

No 316 (95.2)
Co-morbidity Yes 68 (20.5)

No 264 (79.5)
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suspected toxicity were D4T and AZT by 22 (6.6%) and 5 (1.5%), respectively. Meanwhile, at the time of the current study, 
DTG+3TC+TDF 19 (5.7%) was the most commonly switched regimen (Better first line available). Of patients with viral load 
≥1000 copies/mL, 17 (48%) and 14 (40%) had poor enrolment and current adherence, respectively (Table 3).

Immunological Response
Out of 332 clients, all had their CD4+ cell count measured during the observation period. From which assessment of 
immunological response revealed 261 (78.6%) had CD4 cell count of >350cells/m³ and 71 (21.4%) showed CD4 cell 
count ≤350 cells/mm3.

Association of Substance Use and Other Variables with Immunological Response
In bivariate analysis, CD4 cell count ≤350 cells/mm3 was significantly associated with moderate health risk level alcohol 
use (p = 0.02), high health risk level alcohol use (p = 0.01), and moderate health risk level cigarette use (p = 0.03). Also, 
CD4 <350 cells/mm³ (p = 0.01), viral load ≥1000 copies/mL (p = 0.01), WHO treatment stage II (T2) (p = 0.01), WHO 
treatment stage III (T3) (p = 0.01), adherence of poor (≤95%) (p = 0.01), hemoglobin <12 mg/dl (p = 0.01), current 
adherence of poor or ≤95% (p = 0.01), treatment duration of ≤24 months (p = 0.01), treatment duration of 25–72 months 
(p = 0.02), an initial regimen of AZT + 3TC + NVP (p = 0.04), current second-line regimen (p = 0.01), frequency of 
follow-up 1 month(p = 0.01), frequency of follow-up 2 months (p = 0.16), ambulatory patients (P = 0.01), single patients 
(p = 0.02), male patients (p = 0.01) (Table 4).

Table 3 Baseline and Follow-Up Treatment-Related Characteristics of PLWHA in Jimma University 
Medical Center, 2019

Variable Category Frequency n (%)

Duration of ART in months 6–24 30 (9)

25–72 152 (45.8)
Above 72 150 (45.2)

Current regimen TDF + 3TC + EFV 208 (62.7)

DTG + 3TC + TDF 19 (5.7)
TDF + 3TC + NVP 18 (5.4)

AZT + 3TC + EFV 18 (5.4)

AZT +3TC + NVP 56 (16.9)
AZT + 3TC+ LPV/r 4 (1.2)

TDF + 3TC + LPV/r 3 (0.9)
TDF + 3TC + ATV/r 6 (1.8)

Co-medications Yes 156 (43)

No 176 (53)
Ever switched regimens since starting treatment at this clinic Yes 65 (19.6)

No 267 (80.4)

Reason for switch Suspected toxicity 28 (8.4)
Better first line available 25 (7.5)

Previous treatment failure 9 (2.7)

New TB 3 (0.9)
Patients encountered suspected toxicity D4T 22 (6.6)

AZT 5 (1.5)

NVP 1 (0.3)
Adherence Poor 45 (13.6)

Good 287 (86.4)

Current Adherence Poor 38 (11.4)
Good 294 (88.6)

Lose to follow up Yes 0 (0)

No 332 (100)
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Table 4 Bivariate Analysis of Associated Factors with Immunological Response of PLWHA, 2019 (n = 332)

Variables Immunological Response Crude Estimates

CD4>350 Cell/mm³ CD4<350 Cell/m³ COR (95% CI) P

Health risk level alcohol use No risk 177 35 1

Low 36 7 0.9 0.4–2.3 0.97
Moderate 34 15 2.2 1.1–4.5 0.02*

High 14 14 5.0 2.2–11.5 0.01*

Health risk level No risk 243 61 1
Cigarette use Low 17 6 1.4 0.5–3.7 0.49

Moderate 1 3 11.9 1.2–116.8 0.03*

High 0 1 1
Health risk level No risk 151 45 1

Khat use Low 53 12 0.7 0.3–1.5 0.44

Moderate 47 11 0.7 0.3–1.6 0.52
High 10 3 1.0 0.2–3.8 0.99

Sex Male 81 38 2.5 1.4–4.3 0.01*

Female 180 33 1
Age (years) ≤ 50 229 64 1

>50 32 7 0.78 0.3–1.9 0.57

Marital status Married 139 35 1
Single 33 18 2.1 1.0–4.2 0.02*

Widowed 29 6 0.8 0.3–2.1 0.68

Divorced 60 12 0.7 0.3–1.6 0.53
Functional status Working 251 58 1

Ambulatory 10 13 5.6 2.3–13.4 0.01*

BMI ≥18.5 216 59 1
< 18.5 45 12 0.98 0.5–1.9 0.9

Follow-up frequency in months 1 month 51 31 6.4 1.8–22.9 0.01*
2 months 128 29 2.4 0.6–8.4 0.16*

3 months 50 8 1.7 0.4–6.9 0.45

6 months 32 3 1
Co-morbidity Yes 56 12 1.3 0.7–2.7 0.4

No 205 59 1

Duration of treatment in months ≤ 24 months 18 12 4.0 1.7–9.7 0.01*
25–72 months 114 38 2.0 1.1–3.6 0.02*

>72 months 129 21 1

Initial regimen TDF + 3TC + EFV 149 50 1
TDF + 3TC + NVP 14 4 0.8 0.2–2.7 0.78

AZT + 3TC + EFV 14 2 0.4 0.1–1.9 0.27

AZT + 3TC + NVP 64 10 0.4 0.2–0.9 0.04*
D4T + 3TC + EVF 11 2 0.5 0.1–2.5 0.43

D4T + 3TC + NVP 7 3 1.2 0.3–5.1 0.73

ABC + 3TC + EVF 2 0 0.0 0.0- 0.99
Current regimen class Second line 6 7 4.6 1.5–14.3 0.01*

First-line 255 64 1

BaselineCD4 cell count ≤350 cells/mm3 27 32 7.1 3.8–13.1 0.01*
>350 cells/mm3 234 39 1

Viral load ≥1000 copies/mL 7 28 23.6 9.7–57.4 0.01*

< 1000 copies/mL 254 43 1
WHO treatment stage I (T1) 254 49 1

II (T2) 15 17 5.6 2.6–12.1 0.01*
III (T3) 1 5 25.0 2.8–218.7 0.01*

(Continued)
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In the multivariable logistic regression model (See Table 5), the inadequate immunological response was asso-
ciated with high and moderate health risk level alcohol use (adjusted odds ratio (AOR) 4.3, 95% CI = 1.2–14.8) and 
(AOR 2.9, 95% CI = 1.0–7.4), respectively, CD4 <350 cells/mm³ (AOR 5.3, 95% CI = 2.4–12.0), viral load ≥1000 
copies/mL (AOR 9.2, 95% CI = 3.2–26.6), hemoglobin level <12 mg/dl (AOR 7.2, 95% CI = 3.2–15.9) and current 
adherence of poor (≤95%) (AOR 6.6, 95% CI = 2.4–17.9). In the final model, moderate health risk level cigarette use, 
WHO treatment stage II, WHO treatment stage III, treatment duration of ≤24 months, treatment duration of 25–72 
months, an initial regimen of AZT+3TC+NVP, current second-line regimen, frequency of follow-up 1 month, 
frequency of follow-up 2 months, ambulatory, single and male patients were not associated with inadequate immu-
nological response.

Discussion
Identifying and managing substance use is a challenge to a treatment program. Most treatment failure occurs due to the 
difficulty of delivering quality care. In this study, we found the extent of inadequate immunological response among 
PLWHA as 21.4% and an association of inadequate immunological response with moderate and high levels of health risk 
alcohol use.

Table 4 (Continued). 

Variables Immunological Response Crude Estimates

CD4>350 Cell/mm³ CD4<350 Cell/m³ COR (95% CI) P

Adherence Poor (≤ 95%) 22 23 5.2 2.6–10.0 0.01*

Good (> 95%) 239 48 1
Hemoglobin level < 12 mg/dl 76 55 8.3 4.5–15.5 0.01*

≥ 12 185 16 1

Current adherence Poor (≤ 95%) 14 24 9.0 4.3–18.6 0.01*
Good (> 95%) 247 47 1

Notes: Those variables with p-value < 0.25 under bivariate analysis were included in multivariate analysis. *Has a significant association.

Table 5 Multivariable Logistic Regression Analysis of Associated Factors with the Immunological Response of HIV/AIDS Patients, 2019 
(n = 332)

Variables Immunological Response Adjusted Estimates

CD4>350 Cells/mm3 CD4<350 Cells/mm3 AOR (95% CI) P

Health risk level alcohol use No risk 177 35 1

Low 36 7 1.0 0.3–3.0 0.98

Moderate 34 15 2.9 1.1–7.4 0.02*
High 14 14 4.3 1.2–14.8 0.02*

Baseline CD4 cell count ≤ 350 cells/mm³ 27 32 5.3 2.4–12.0 0.01*
>350 cells/mm³ 234 39 1

Viral load ≥1000 copies/mL 7 28 9.2 3.2–26.6 0.01*

< 1000 copies/mL 254 43 1
Current regimen class Second line 6 7 4.06 0.8–19.2 0.08

First-line 255 64 1

Hemoglobin level < 12 mg/dl 76 55 7.2 3.2–15.9 0.01*
≥ 12 mg/dl 185 16 1

Current adherence Poor (≤ 95%) 14 24 6.6 2.4–17.9 0.01*

Good (> 95%) 247 47 1

Notes: *Has significant association at p < 0.05, CI of 95%. Ref (reference).
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The inadequate immunological response rate in this study (21.4%) is lower than in other studies with a modest 
comparative difference observed: a cohort of sub-Saharan Africa (27%),2 in Oman Sultan Qaboos University Hospital 
(27%),4 a study throughout Australia (28%).3 In our study, the inadequate immunological response was a heterogeneous 
group of both viral-suppressed and unsuppressed immunological non-respondents. This should have made the proportion 
of inadequate immunological response higher. However, our result showed a lower percentage than from studies that 
exclude virally unsuppressed non-respondents. These may be due to the longer treatment duration that our participants 
had been on ART before entry to the current study (mean of 74 months) compared to the above studies in Australia, 
Omani, and sub-Saharan Africa. However, this finding is not comparable with a retrospective analysis conducted in 
Tanzania (50.25%) with a cutoff point of 350cells/mm3.5 This difference could be due to variations in socioeconomic 
class, the clinical status of clients, study design, and adequate patient care.

Substance use and inadequate immunological response are tied together. Alcohol-mediated effects on immune 
function occur through a combination of behavioral effects (adherence) and its direct effect on the immune system, 
which results in chronic inflammation, and effect on the liver, which affects drug metabolism through enzyme induction;-
19,20,24 this may lead to increased HIV disease progression.

In our study, the risk of inadequate immunological response in a moderate level of health risk alcohol users was 
around three times higher than those with no level of health risk. As in several previous studies, those with levels of 
health risk for alcohol use showed a high rate of inadequate immunological response than patients who are non-alcohol 
users.19,21–23 However, a prospective study from America reported that for patients with baseline CD4 of >200 cells/mm³ 
moderate alcohol use does not affect the rate of decline of CD4+ cells to ≤200 cells compared to abstainers but for high- 
risk alcohol use does have. The discordance to the findings of 2010 Baum et al could be due to the difference in the 
definition of the outcome measure they used, a cut point of CD4 ≤200 cells to measure the association. Also, another 
significant difference was in contrast to our study patients included in Baum et al were those having baseline CD4 cells of 
>200 cells/mm³.21

In this sample of people living with HIV/AIDS in Jimma, a high level of health risk for alcohol use was associated 
with more than four times the odds of having inadequate immunological response compared to non-drinkers (no health 
risk level). This finding is supported by multiple studies19,22 and similar to a finding of a prospective study from America 
that reported PLWHA with frequent alcohol use had a significantly inadequate immunological response 2.91 times more 
likely to present a decline of CD4 to ≤200 cells/mm³.21 This result could have occurred because of consistent alcohol use 
findings among patients on ART in the study area, as showed in 2014 hazardous drinking, harmful drinking, and alcohol 
dependence were found in a significant number of patients in the study area.29

These findings imply that patients who present with alcohol use and CD4 < 350 cells/mm³ need a much closer clinical 
follow-up to obtain a desirable immune recovery. Short-term interventions that aim to cut down alcohol use could be 
useful, but the high level of health risk alcohol users is more likely to be alcohol dependent and so require more extensive 
support. However, in this study, contrary to those who reported moderate and high health risk level alcohol use, those 
who reported low health risk level alcohol use did not have a significant association with inadequate immunological 
response compared to non-alcohol users (no health risk level).

In this study, levels of health risk for cigarette use had a significant association with inadequate immunological response 
in univariate analysis but were not found to have a significant association in the multivariate model. This is possibly due to 
the small number of samples in the cigarette use group. Levels of health risk for khat use did not have an association with 
inadequate immunological response. Previous studies on khat mostly focus on its association with nonadherence, but it has 
not been previously shown that khat use is not associated with worse HIV immunological response.

In our study, we found that poor current adherence was strongly associated with an inadequate immunological response 
where patients with poor current adherence were 6.646 times more likely to have inadequate immunological response than those 
with good current adherence. A retrospective follow-up study done in Tigray, Northern Ethiopia, also supported this finding, as 
clients with ≤95% adherence were 5.68 times more likely to have immunological failure compared to those having >95% 
adherence. This is mostly due to the indirect effect of poor adherence, which comes through an increase in HIV RNA 
replication.12 Among the patients with inadequate immunological response, 36 (50.7%) of them are the levels of health risk 
for alcohol use. Ten percent of patients with levels of health risk alcohol use has poor adherence. Overall, it is likely that poor 
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adherence has played a role in the immunological response of patients with substance use problems but that may be a partial 
proxy for antiretroviral therapy adherence. We have not used a model to examine the potentially mediating effect of adherence. 
This may not enable us to show the independent effects of adherence and level of health risk alcohol use on inadequate 
immunological response.

Other factors that were significantly associated with inadequate immunological response, patients with baseline CD4 
≤350 cells/mm³ were more than five times more likely to have inadequate immunological response than patients who had 
CD4 >350 cells/mm³. A cohort study from Australia also supported this finding that 28% of patients with a CD4 cell 
count of <350 cells/μL showed an inadequate immunological response (CD4 cell <350 cells/μL) after 24 months of 
treatment.3 The probable reason could be due to variation in the degree of immune suppression at treatment initiation or 
clinical status that patients with CD4 ≤350 cells/mm³ had.

It was also observed that patients with hemoglobin <12 mg/dl were significantly associated with inadequate 
immunological response. Hence, the odds of inadequate immunological response were increased more than seven 
times among patients with hemoglobin <12 mg/dl. A study by Kowalska et al14 also reported that the recently measured 
hemoglobin level was significantly associated with disease progression than baseline hemoglobin measured at the start of 
treatment. This implies that the recently measured hemoglobin level could be useful in identifying patients with a higher 
risk of short-term disease progression; this is easily done in our setup because the BD FACSPresto™ machine also 
measures total hemoglobin concentration on the same sample and provides all the results concurrently. Maintaining 
optimal hemoglobin levels helps to prevent the development of AIDS-defining illnesses.

Patients with a viral load of ≥1000 copies/mL were more than nine times more likely to demonstrate inadequate 
immunological response compared to those <1000 copies/mL. This may be due to a shorter time interval in which the 
viral load was measured (within 3 months) or poor enrolment and current adherence, which a larger proportion of 
patients with viral load ≥1000 copies/mL had. In Gonder patients with viral load, ≥20 copies were 5 times more likely to 
have an immune failure.13 A study in Ghana also supported this finding, patients with viral load ≥1000 copies/mL were 2 
times more likely to have CD4 cells <350 cells/mm³. Besides, this finding is consistent with the scientific facts in that a 
higher HIV RNA results in more destruction of CD4 cells. Therefore, extra time may be needed with adherence support 
to obtain a CD4 cell count of >350cells/mm³.6

A causal inference between substance use and inadequate immunological response cannot be established in this study 
and it may be difficult to generalize the finding to a larger population because of the small sample size, single study area, 
and short-term follow-up period used. Also, this result cannot be generalized for severely ill patients who required 
emergency medical help. However, this study could imply the need for further longitudinal studies in Ethiopia to 
strengthen these findings and their clinical significance. Social desirability bias could be a limitation as persons who use 
alcohol and other substances tend to under-report or deny their use when interviewed, and we used the self-report of 
adherence to antiretroviral therapy, which is likely to underestimate the level of non-adherence.

Conclusion
Around a quarter of the participants were with an inadequate immunological response. Participants with a moderate and 
high level of health risk for alcohol use were independently associated with inadequate immunological response. In an 
area where alcohol is widely consumed, defining a pattern of responsible use and developing community-based 
interventions are valuable healthcare priorities to be included as a comprehensive care package for people living with 
HIV/AIDS.
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