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	 ABSTRACT: 
—	 Objective: Over the last 15 years, there has been a decline in Human Immunodeficiency Virus 

(HIV) infection and HIV/AIDS mortality in West and Central Africa, due to the success of antiret-
roviral medication. However, as HIV patients live longer, the risk of metabolic diseases mediated 
by adverse drug effects increases. This can be mitigated by ensuring a correct diet routine. This 
study assessed the effects of nutritional status on the immune recovery of HIV/AIDS patients in the 
Southwest Region of Cameroon. The main aim of this study is to assess the influence of the nutri-
tional status of patients on Highly Active Antiretroviral Therapy (HAART) on their immune recovery. 

—	 Subjects and Methods: Sociodemographic and socioeconomic information were collected using 
questionnaires, and anthropometric measurements were made to obtain information for calculating 
Body Mass Index (BMI). Whole anticoagulated blood was obtained to measure CD4 cell count, hae-
moglobin concentration, and HIV Viral Load (VL). Statistical analysis was performed using SPSS 22, 
and significant levels were set at 0.05. Chi-square was used to compare proportions. Univariate and 
multivariate analyses were used to look for the association between variables.  

—	 Results: The majority or patients (47.2%, 238/610) had a normal BMI, while 39 (6.5%), 173 (28.9%), and 
104 (17.4%) showed undernutrition, overweight, and obesity, respectively. Consumption of vegetables was 
associated with CD4 count status (χ2 = 10.034; p = 0.007) and lowered viral load. Smoking increased the 
risk of having a viral load higher than 75 HIV RNA copies/ml by 18 times (CI 1.86-180.32, p = 0.013).

—	 Conclusions: About half of the people living with HIV/AIDS (PLWHA) under HAART in this study 
were either obese or under-nourished based on anthropometric indicators. Nevertheless, consum-
ing fruits and vegetables and non-consumption of alcohol were important factors that promoted im-
mune recovery in this population.

—	 Keywords: Nutrition, Obesity, HIV/AIDS, Body Mass Index, Anaemia, CD4 cell count, Viral load, Cameroon.

—	 Abbreviations: AIDS: Acquired Immune deficiency syndrome; ANOVA: Analysis of Variances; BMI: 
Body mass Index; CD4: Cluster of Differentiation-4; CDC: Cameroon Development Corporation; CI	
: Confidence Interval; FHS: Faculty of Health Sciences; HAART: Highly Active Antiretroviral Thera-
py; HB: Haemoglobin; HIV: Human Immunodeficiency Virus; MS: Metabolic Syndrome; NIH: Nation-
al Institute of Health; PLWHA: People Living with HIV/AIDS; RNA: Ribonucleic Acid; SPSS: Statisti-
cal Package for Social Sciences; VL: Viral Load; WHO: World Health Organisation.
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SUBJECTS AND METHODS

Study Design and Population 

A cross-sectional study was carried out in three HIV treat-
ment centers in Fako Division of Southwest Region of 
Cameroon from May 2019 to November 2020. The cen-
ters included Cameroon Development Corporation (CDC) 
Central Clinic Tiko, CDC Clinic Bota, and Buea Region-
al Hospital. All adult HIV/AIDS patients on HAART re-
porting for routine check-ups were eligible for enrolment. 
In-patients, pregnant women, those with liver and kidney 
disease, and individuals below 21 years were excluded. 

Study Area

Fako Division is located in the Southwest Region of 
Cameroon and is on latitude 4.167 and longitude 9.167, 
and the capital town is Limbe. The inhabitants are civ-
il servants, farmers, traders and workers of the CDC. 
There are several HIV/AIDS treatment Centers that ca-
ter to the needs of PLWHA in this Division. 

Ethical Considerations

Ethical clearance (2019/0250/UB/SG/IRB/FHS) was 
obtained from the Institutional Review Board of the 
Faculty of Health Sciences, University of Buea, and 
administrative authorization was obtained from the Di-
rector of the Regional Hospital, Buea, and Cameroon 
Development Corporation (CDC) Health Services. Only 
individuals who volunteered to participate by signing a 
written informed consent were enrolled. Patient identity 
was coded, and physical data were secured in a locked 
drawer, while electronic information was stored in a de-
vice that was password-protected. 

Data Collection

A structured questionnaire was used to document infor-
mation on the demographic and socioeconomic status of 
all participants. The weight was measured with a me-
chanical balance (Yongkang Zhezhong, Wuzhou, Chi-
na). The height was measured with a stadiometer, and 
the hip and waist circumference were measured with an 
inelastic measuring tape. The Body Mass Index (BMI) 
was calculated by dividing the weight (in Kg) by the 
height squared in meters and nutritional status classified 
as underweight (BMI ≤ 18.5 kg/m2), normal (18.5 > BMI 
≤ 24.9 kg/m2), overweight (25 > BMI ≤ 29.9 kg/m2) and 
obese (BMI ≥ 30 kg/m2) as previously described17. 

Blood Sample Collection and Analysis 

Venous blood (3-5 ml) was collected from each patient 
by venipuncture and transported to the Infectious Dis-

INTRODUCTION 

Between 2006 and 2020, the global prevalence of 
Human Immunodeficiency Virus (HIV) infection 
remained almost the same at a rate of 0.7%, while 
AIDS-related mortality dropped from 1.5 million 
to 580.000 deaths per year for the same period1. The 
prevalence of the infection in West and Central Africa 
remains high (1.3%), causing up to 110.000 deaths per 
year1. In Cameroon, the prevalence of HIV infection 
and deaths in adults dropped from 4.7% and 30,000 
in 2006 to 3% and 14,000 in 20201. The introduction 
of Highly Active Antiretroviral Therapy (HAART) 
drugs has thus significantly improved the prognosis 
and quality of life of HIV/AIDS patients2,3. Howev-
er, antiretroviral drug side effects, such as metabolic 
syndrome (MS), a severe chronic condition character-
ized by hyperlipidemia, lipodystrophy, and impaired 
glucose metabolism4, have become commonplace and 
require attention. Poor nutritional status has been re-
ported to contribute to HIV/AIDS morbidity and mor-
tality, as well as the inefficacy of HAART treatment5. 
HAART efficacy has been shown to be increased by 
providing dietary support to patients to lengthen their 
survival time and improve their quality of life6. Malnu-
trition encompasses undernutrition (wasting, stunting, 
and underweight), insufficient vitamins and minerals, 
being overweight, obesity, and diet-related non-com-
municable diseases7. Long-term malnutrition leads to 
changes in cellular metabolism, reduced function, and, 
finally, the loss of body tissues8,9. 

Infection activates both specific and non-specific 
host defensive systems, which are regulated by mi-
cro- and macronutrient nutritional status10. Immune 
changes, which are intimately linked to the nutritional 
condition, significantly increase vulnerability to infec-
tious agents and can also decrease nutritional status, 
resulting in a vicious cycle11. People living with HIV 
have a higher daily calorie and micronutrient demand 
than HIV-negative peers; moreover, coinfection and 
chronic diarrhea related to HIV enteropathy play a cru-
cial role in HIV-associated malnutrition12. In patients 
on HAART, a higher baseline BMI has been associ-
ated with a lower mortality rate, while a low baseline 
BMI has been associated with early mortality in re-
source-limited settings6.

Other health challenges, such as overt liver and kid-
ney disease, Diabetes mellitus, and chronic inflamma-
tory conditions, also affect the nutritional and immune 
status of PLWHA3,4.

The main aim of HIV treatment is immune recovery 
characterized by increased CD4 cell count, increased 
haemoglobin, and viral suppression, amongst other in-
dicators13,14. Certain diet modifications and supplements 
have been shown to aid in immune recovery in those 
HAART15,16.  

This study sought to investigate the effect of nutri-
tional status on the immune recovery of HIV/AIDS pa-
tients on antiretroviral treatment in the Southwest Re-
gion of Cameroon. 



Nutritional status and immune recovery of HIV-positive patients receiving antiretroviral therapy 

3

RESULTS 

Characteristics of Study Population

A total of 610 participants were enrolled in the study 
and their socio-demographic characteristics are pre-
sented in Table 1. The ages ranged from 21 to 83 years 
(mean = 44.4 ± 10.8). Most of the participants were 
female (73.4%), had attained a primary level of educa-
tion (52.9%), and earned below XAF 100,000.00 (US$ 
159.07) per month on average (86.6%).

Clinical and Behavioral Characteristics Among 
HIV-Positive Patients

The clinical and behavioral characteristics of partici-
pants (Table 2) revealed that all of the 610 participants 
were on HAART. The median CD4+ cell count was 328 
cells/mL (range: 96-510), with the majority of patients 
(82.6%) having ≥200 CD4+ cells/mL of blood. Most 
had a viral load of <75 copies of HIV RNA (54.8%), 
were involved in physical activities (60.2%), and report-
edly consumed animal products, vegetables, fruits, and 
starch-rich foods at least once a week. Anaemia was 
prevalent in 35.8% of participants.

Nutritional Status of HIV-Positive Patients

The mean ± SD BMI of the participants was 25.1 ± 
5.5 kg/m2. Two hundred and eighty-three participants 
(47.2%) had a normal BMI and 39 (6.5%) had under-

ease Laboratory (FHS, University of Buea) to deter-
mine viral load, CD4 count and HB levels. The CD4 
cell count was determined by flow cytometry (BD FAC-
SPresto™ Near-Patient CD4 Counter, Auckland, New 
Zealand). Haemoglobin (HB) was measured using a 
haemoglobinometer (Sejoy®101, Zhejiang, China) and 
anaemia was defined as Hb ≤ 13 g/dL in men and ≤ 12 
g/dL in women18. CD4 count was classified as low (< 
200), or adequate (≥ 200) cells/ml19. Results of viral load 
were copied from the patient’s results that were obtained 
within the past month. In previous literature, viral load 
was classified as optimal viral suppression (HIV RNA 
< 75 copies/mL), persistently low-level viremia (HIV 
RNA < 200 copies/mL) and virologic failure (HIV 
RNA > 200 copies/mL)20. However, in this study, only 
two categories were considered; viral suppression (HIV 
RNA < 75 copies/mL) and viral non-suppression (HIV 
RNA > 75 copies/mL).

Statistical Analysis    

Data analysis was performed using the Statistical Pack-
age for Social Sciences (SPSS, IBM Corp., Armonk, NY, 
USA) version 22. Descriptive statistics were conducted, 
and variables were presented using mean, frequency, 
and proportions. Independent predictors of adult mal-
nutrition, such as socio-demographic and clinical char-
acteristics, were determined using bivariate and multi-
variate binary logistic regression. The Chi-Square test 
was used to compare proportions, and risk was assessed 
using Odd Ratios (OR). The level of significance was set 
at p ≤ 0.05. 
 

Table 1. Sociodemographic characteristics of HIV-positive adults (N = 610).

*N = 607; **N = 522.

Characteristics	 n	 %	 (95% CI)

gender
    Male	 162	 26.6	 (23.2-30.2)
    Female	 448	 73.4	 (69.8-76.8)
Age group (years)
    <30	 53	 8.7	 (6.7-11.2)
    30-39 	 122	 20.0	 (17.0-23.4)
    40-49 	 254	 41.6	 (37.8-45.6)
    ≥50	 181	 29.7	 (26.2-33.4)
Level of education*
    No education	 40	 6.6	 (4.9-8.8)
    Primary	 321	 52.9	 (48.9-56.8)
    Secondary	 187	 30.8	 (27.3-34.6)
    Tertiary	 59	 9.7	 (7.6-12.3)
Employment status*
    Unemployed	 304	 50.1	 (46.1-54.0)
    Employed	 303	 49.9	 (45.9-53.9)
Average monthly income (XAF)**
    <100,000 (US $ 159.07)	 478	 86.6	 (83.5-89.2)
    ≥100,000 (US $ 159.07)	 74	 13.4	 (10.8-16.5)
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participants’ physical activity had no association with 
their anaemic status (Table 3).

nutrition, which was severe in 7 (17.9%), moderate in 5 
(12.8%), and mild in 27 (69.2%). One hundred and sev-
enty-three (28.9%) were overweight, and 104 (17.4%) 
were obese; thus, 52.8% of all respondents were classi-
fied as malnourished (Figure 1).

Risk Factors Associated
with Anaemia

Of all the factors considered as risk factors of anaemia, 
only smoking showed a relationship (χ2 = 3.218, p = 
0.073), though not statistically significant. Using bivar-
iate analysis, those smoking had more than twice few-
er chances of being anaemic compared to nonsmokers, 
though not significant [AOR = 0.4 (CI = 0.13-1.2), p = 
0.101]. Meanwhile, the type of food consumed, or the 

Table 2. Clinical and behavioral characteristics of HIV-positive adults.

Characteristics	 n	 %	 (95% CI)

CD4 cell count (N = 155)
    <200	 27	 17.4	 (12.3-24.2)
    ≥200	 128	 82.6	 (75.8-87.7)
Viral load (N = 126)
    Unhealthy (>75 copies)	 57	 45.2	 (36.8-53.9)
    Healthy (<75 copies)	 69	 54.8	 (46.1-63.2)
Anaemic status (N = 606)
    Anaemic	 217	 35.8	 (32.1-39.7)
    Non-anaemic	 389	 64.2	 (60.3-67.9)
Difficulty in eating (N = 603)
    Yes	 86	 14.3	 (11.7-17.3)
    No	 512	 85.7	 (82.7-88.3)
Type of physical activity (N = 610)
    Light activity	 310	 50.8	 (46.9-54.8)
    Heavy activity	 57	 9.3	 (7.3-11.9)
    No activity	 243	 39.8	 (36.0-77.8)
Smoking (N = 592)
    Yes	 23	 3.9	 (2.6-5.8)
    No	 569	 96.1	 (94.2-97.4)
Alcohol consumption (N = 596)
    Yes	 316	 53.0	 (49.0-57.0)
    No	 280	 47.0	 (43.0-50.9)
Consumption of animal products (N = 603)
    Once daily	 405	 67.2	 (63.3-70.8)
    Once weekly	 176	 29.2	 (25.7-32.9)
    Hardly	 22	 3.6	 (2.4-5.5)
Consumption of vegetables (N = 604)
    Once daily	 344	 56.9	 (53.0-60.8)
    Once weekly	 245	 40.6	 (36.7-44.5)
    Hardly	 15	 2.5	 (1.5-4.5)
Consumption of fruits (N = 604)
    Once daily	 344	 56.9	 (53.0-60.8)
    Once weekly	 245	 40.6	 (36.7-44.5)
    Hardly	 15	 2.5	 (1.5-4.5)
Consumption of starch-rich food (N = 602)
    Once daily	 584	 97.0	 (95.3-98.1)
    Once weekly	 12	 2.0	 (1.1-3.4)
    Hardly	 6	 1.0	 (0.5-2.2)

Figure 1. Nutritional status of HIV-positive adults enrolled in 
the study.
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vegetables having significantly lower CD4+ cell counts. 
In the multivariate analysis, those who reportedly ate 
vegetables once a day were 10 times less likely to have 
low CD4+ cell count as compared to those who hardly 
eat vegetables (OR = 0.1, CI = 0.1-2.2). The other vari-
ables did not show any association with CD4+ cell count 
(Table 4).

Risk Factors Associated with Low CD4
Cell Counts Status

Consumption of vegetables (once daily, once weekly, 
hardly) was associated with CD4+ cell count status (χ2 
= 10.034; p = 0.007) with patients who hardly consumed 

Table 3. Risk factors associated with anaemia.

Variable	 Category	 Anaemic % (n)	 χ2, p-value	 OR 	 95% CI	 p-value

Difficulty in eating	 Yes	 40.7 (35)	 1.236; 0.266	 1.2	 0.84-1.86	 NA
	 No	 34.5 (177)		  Ref		
Physical activity	 Light activity	 34.6 (107)	 1.979; 0.372	 0. 8	 0.59-1.19	 NA
	 Heavy activity	 29.8 (17)		  0.7	 0.36-1.25	
	 No activity	 38.8 (93)		  Ref		
Smoking status	 Yes	 17.4 (4)	 3.218; 0.073	 0.4	 0.14-1.14	 0.101
	 No	 35.6 (201)		  Ref		
Alcohol	 Yes	 32.1 (101)	 2.218; 0.136	 0.9	 0.75-1.04	 0.132
  consumption	 No	 37.9 (105)		  Ref		
Consumption of	 Once daily	 34.5 (139)	 0.292; 0.864	 0.9	 0.38-2.245	 NA
  animal products	 Once weekly	 36.8 (64)		  1.0	 0.4-2.56	
	 Hardly	 36.4 (8)		  Ref		
Consumption	 Once daily	 36.5 (124)	 0.708; 0.702	 0.9	 0.29-2.48	 NA
  of vegetables	 Once weekly	 33.5 (82)		  0.7	 0.26-2.19	
	 Hardly	 40.0 (6)		  Ref		
Consumption	 Once daily	 36.5 (124)	 0.708; 0.702	 0.9	 0.29-2.48	
  of fruits	 Once weekly	 33.5 (82)		  0.7	 0.26-2.19	
	 Hardly	 40.0 (6)		  Ref		
Consumption of	 Once daily	 35.5 (206)	 0.016; 0.992	 1.1	 0.2-6.04	 NA
  starch-rich food	 Once weekly	 36.4 (4)		  1.1	 0.14-9.29	
	 Hardly	 33.3 (2)		  Ref		

Table 4. Risk factors associated with anaemia.

Variable	 Category	 CD4 <200 cells/µl	 χ2, p-value	 OR 	 95% CI	 p-value
		    of blood % (n)

Difficulty in eating	 Yes	 17.6 (3)	 0.006; 0.939	 1.0 	 0.32-3.38	 NA
	 No	 16.9 (23)		  Ref		
Physical activity	 Light activity	 12.7 (10)	 2.696; 0.260	 0.5 	 0.2-1.16	 NA
	 Heavy activity	 18.2 (2)		  0.7 	 0.14-3.8	
	 No activity	 23.1 (15)		  Ref		
Smoking status	 Yes	 0.0 (0)	 0.879; 0.348	 -		  NA
	 No	 18.1 (25)				  
Alcohol consumption	 Yes	 20.5 (15)	 1.048; 0.306	 1.2	 0.85-1.78	 NA
	 No	 14.1 (10)		  Ref		
Consumption of	 Once daily	 14.3 (15)	 1.925; 0.382	 0.4	 0.07-2.34	 NA
  animal products	 Once weekly	 22.0 (9)		  0.7	 0.11-4.24	
	 Hardly	 28.6 (2)		  Ref		
Consumption	 Once daily	 10.6 (11)	 10.034; 0.007	 0.1	 0.01-2.02	 0.141
  of vegetables	 Once weekly	 29.8 (14)		  0.4	 0.02-7.27	 0.554
	 Hardly	 50.0 (1)		  Ref		
Consumption	 Once daily	 10.6 (11)	 10.034; 0.007	 0.1	 0.01-2.02	
  of fruits	 Once weekly	 29.8 (14)		  0.4	 0.02-7.27	
	 Hardly	 50.0 (1)		  Ref		
Consumption of	 Once daily	 17.8 (26)	 1.502; 0.472			   NA
  starch-rich food	 Once weekly	 0.0 (0)				  
	 Hardly	 0.0 (0)				  
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Relationship Between BMI and CD4+ Cell Count, 
Haemoglobin and Viral Load

Those who had a lower BMI (undernutrition) had lower 
mean haemoglobin levels (p = 0.011) when compared 
to those who had normal nutrition and the overweight/
obese. Meanwhile, there was a non-significant increase 
in CD4+ cell count and a reduction in viral load with 
increased BMI when analyzed by ANOVA (Table 7).
 

DISCUSSION 

The main aim of this study was to estimate the prevalence 
of malnutrition and its association with immune recov-
ery (assessed by haemoglobin levels, CD4 count and vi-
ral load) in PLWHA who are on antiretroviral drugs. The 
prevalence of undernutrition in this study area was 6.5% 
(39/612), while 28.9% were overweight and 17.4% obese, 
giving an overall malnutrition prevalence of 52.8%. 

The rate of undernutrition in this study (8.5%) is 
close to that reported in the Central Region of Camer-
oon21. However, this is lower than the 14.1% reported na-
tionwide22 and the 11.6% reported in the East Region23. 
The differences in these rates could be due to sample 
size differences, as well as to the nutritional habits of 
the patients in the different regions in Cameroon affect-
ed by food security. This suggests that undernutrition 
remains a threat to PLWHA in Cameroon and needs to 
be addressed. It has been reported24 that malnourished 
women have a higher mortality rate than those with nor-

Factors Associated with Viral Load

Physical activity was associated with viral load (p = 
0.049). Using multivariate analysis, participants who 
undertook light physical activities (walking and jog-
ging) and heavy physical activities (running, playing 
football, and handball) were found to be twice and 5 
times less likely to have VL above 75 HIV RNA copies/
ml of blood respectively, though not statistically signifi-
cant (CI = 0.05-1.18, p = 0.079).

Smoking was related to viral load (p = 0.020), and 
those who smoked were 18 times more likely to have 
VL greater than 75 HIV RNA copies/ml (CI. 0.97-
62.93, p = 0.013). However, those who took alcohol 
were 1.5 times less likely to have high VL, (p = 0.008). 
The consumption of fruits and vegetables was related 
to viral load as shown by bivariate analysis (p = 0.008), 
with those consuming vegetables more often having 
lower odds of having viral loads above 75 HIV RNA 
copies/ml (Table 5).

Correlating BMI with Haemoglobin Levels,
CD4 Count and Viral Load

Further analysis to determine the association between 
BMI and clinical characteristics is shown in Table 6. 
Following a correlation analysis, viral load showed a 
negative correlation with BMI (r = -0.318; p < 0.001), 
while haemoglobin levels showed a positive correlation 
with BMI (r = 0.098; p = 0.017). 

Table 5. Risk factors associated with viral load status.

Variable	 Category	 Viral load with 	 χ2, p-value	 OR 	 95% CI	 p-value
		  >75 copies % (n)

Difficulty in eating	 Yes	 47.6 (10)	 0.081; 0.776	 1.1	 0.51-2.44	 NA
	 No	 44.2 (46)		  Ref		
Physical activity	 Light activity	 43.0 (34)	 6.024; 0.049	 0.5	 0.2-1.11	 0.342
	 Heavy activity	 25.0 (4)		  0.2	 0.05-0.81	 0.079
	 No activity	 61.3 (19)		  Ref		
Smoking status	 Yes	 85.7 (6)	 5.401; 0.020	 7.8	 0.97-62.93	 0.013
	 No	 40.9 (47)		  Ref		
Alcohol consumption	 Yes	 35.5 (22)	 3.954; 0.047	 0.7	 0.47-1.01	 0.008
	 No	 53.2 (33)		  Ref		
Consumption of	 Once daily	 37.3 (31)	 5.612; 0.060	 0.3	 0.02-3.42	 0.914
  animal products	 Once weekly	 59.0 (23)		  0.7	 0.06-8.61	 0.626
	 Hardly	 66.7 (2)		  Ref		
Consumption	 Once daily	 34.6 (28)	 9.754; 0.008	 0.3	 0.02-3.04	 0.241
  of vegetables	 Once weekly	 63.4 (26)		  0.9	 0.07-10.38	 0.765
	 Hardly	 66.7 (2)		  Ref		
Consumption	 Once daily	 34.6 (28)	 9.754; 0.008	 0.3	 0.02-3.04	 NA
  of fruits	 Once weekly	 63.4 (26)		  0.9	 0.07-10.38	
	 Hardly	 66.7 (2)		  Ref		
Consumption of	 Once daily	 45.0 (54)	 0.183; 0.912	 1.6	 0.14-18.53	 NA
  starch-rich food	 Once weekly	 50.0 (1)		  2.0	 0.05-78.24	
	 Hardly	 33.3 (1)		  Ref		
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impact the health of patients. Eating vegetables, smok-
ing, and doing physical exercise are factors identified to 
influence immune recovery. PLWHA are therefore en-
couraged to eat more vegetables, abstain from smoking 
and engage in physical exercise. 
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mal nutritional status, thus malnutrition in HIV-infected 
individuals on HAART should be taken seriously.

The main aim of HIV treatment is to enable patients 
to live a comfortable life. There are several markers of 
improvement in health for PLWHA. We assessed the 
effects of sociodemographic variables on haemoglobin 
levels, CD4 count and viral load. Smoking has been asso-
ciated25 with increased red blood cells in order to counter 
the effects of carbon monoxide in the bloodstream. How-
ever, it has been reported26 that smoking is a risk factor 
for iron deficiency anaemia. Those who smoke had lower 
odds of being anaemic, though not significant.

Vegetables contain antioxidants and some other bio-
active molecules that reduce inflammation27, and those 
who ate more vegetables and/or fruit showed better CD4 
counts15,16; moreover, immune markers were found28 in 
patients with cardiovascular diseases. Our study showed 
that those who engaged in heavy physical activity had 
lower odds of high viral load. Other studies29 have 
shown that increased physical activity also increases 
the cardiometabolic markers, the functional capacity 
of the patients, and reduced viral load by decreasing 
depression levels in PLWHA30. Smoking has also been 
associated31,32 with increased viral load, which was also 
reflected in this study. Viral loads have been also found 
to be lower in those who ate more fruit and vegetables, 
as has also been previously reported15.

The viral load had a negative correlation with BMI; 
meanwhile, haemoglobin levels showed a positive cor-
relation with BMI. Harding et al33 had a similar trend. 
Lower haemoglobin is a major risk factor for mortality 
in PLWHA, and haemoglobin levels should be assayed 
routinely, and the anaemia treated. Other studies34,35 on 
HIV-negative individuals also show that HB was posi-
tively correlated to BMI.

 

CONCLUSIONS 

Most of the PLWHA (52.8%) in this study had abnor-
mal nutritional status, as evaluated by anthropometric 
indicators. However, the incidence of both obesity and 
undernutrition is a cause for concern as these negatively 

Table 6. Correlation between nutritional status (BMI), CD4 cell count, viral load and haemoglobin levels.

Nutritional status	 Clinical characteristics	 Correlation (r)	 p-value*

	 CD4 cell count	 0.117	 0.155
BMI	 Viral load	 -0.318	 <0.001
	 Haemoglobin	 0.098	 0.017

Table 7. Comparison between the means of CD4 count, haemoglobin and viral load with nutritional status. 

	 Undernutrition	 Normal	 Overweight/obese	                    Significance 

CD4	 298.0 ± 78.4	 302.4 ± 92.3	 309.1± 91.1	 F = 0.139,	 p = 0.871
Hb	 10.6 ± 2.6	 11.5 ± 2.1	 11.7 ± 2.1	 F = 4.557,	 p = 0.011
Viral Load	 99,091.7 ± 129,209.5 	 81,469.1 ± 200,084.6	 23,999.8 ± 107,363.4	 F = 2.066,	 p = 0.131
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