May-August 2020

Vol.39- No.2

UNIVERSA MEDICINA

ORIGINAL ARTICLE
pISSN: 1907-3062 / eISSN: 2407-2230

Body mass index increases CD4+ count in HIV/AIDS
patients on first-line therapy
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ABSTRACT
BACKGROUND
The body mass index (BMI) may contribute somewhat to drug metabolism,
thus affecting the efficacy of antiretroviral therapy (ART). CD4+ counts in
people infected with HIV are essential in determining the stage of the
disease, initiation of antiretroviral therapy, opportunistic infections and
evaluating treatment outcomes. The aim of this study was to determine the
association of BMI and clinical stage with CD4+ counts in HIV patients
seeking treatment using first-line antiretroviral therapy (ART).
METHODS
An analytic study with a cross-sectional approach was conducted involving
251 HIV/AIDS patients who had received first-line antiretrovirals over six
months. BMI, clinical staging according to WHO and CD4 + were collected.
Multiple linear regression was used to evaluate the relationship between
BMI, clinical stage and CD4+.
RESULTS
Among the enrolled patients, the median age was 36 years, 135 (55%) of
the patients was female, 102 (40.6%) was overweight/obese, 161 (64.1%)
was in stage 3 of the disease, and the median CD4+ count was 389 cells/
mm3. Multiple linear regression test showed two variables with a significant
effect on CD4+ count, namely BMI (B=69.247; 95 % CI : 42.886-95.608) and
clinical stage (B=61.590; 28.910-94.270). BMI was the most influencing
factor for CD4+ count (=0.307) compared to clinical stage (=0.216).
CONCLUSIONS
Body mass index was the most influencing factor for CD4 + counts of HIV/
AIDS patients. Regular ART can increase CD4+ counts and maintain the
health of HIV/AIDS patients.
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INTRODUCTION
HIV/AIDS is a global health problem, with
the number of cases to date reaching 32 million.
Increased access to effective prevention,
diagnosis, treatment and care makes this disease
manageable and allows people living with HIV
(PLHIV) to live healthier lives. At the end of
2018 there were around 37.9 million people
living with HIV and 1.7 million new cases of
infection.(1)
The latest data in 2019 show that the
numbers of HIV and AIDS cases in Papua
Province were 34,473 and 22,554 respectively,
while in the Province of West Papua there were
5,243 and 1,741 cases, respectively. (2) This
remains a challenge in the prevention and
control of HIV/AIDS in Papua, especially in
West Papua. West Papua Province as of
September 2016 had 5,839 cases, where the
highest number of cases was in Manokwari
District with 1,422 cases, followed by Sorong
City with 1,902 cases, Sorong District with 1,026
cases, and Fak-Fak District with 423 cases.(3)
This led us to consider making Manokwari
Regency, Sorong City and Fak-Fak Regency our
research sites in West Papua Province.
The measurement of body weight is an
important evaluation in diagnosing HIV. Low
body mass index (BMI) is the first criteria in
defining AIDS. In addition, BMI also plays a
role in determining WHO clinical stage, which
includes weight loss, where weight loss of <10%
is categorized as stage 2, while a weight loss of
>10% or a body mass index of 18.5 kg/m2 is
included in stage 3, and the HIV wasting
syndrome falls into the clinical category of stage
4.(4)
The body mass index of HIV patients is an
important predictor of antiretroviral outcomes(57)
including prediction of CD4 cell changes (8) and
death.(9-11) Negative changes in a patient’s BMI
are also independent predictors of dropout from
HIV care cases.(12) The BMI of HIV patients is
influenced by gender, WHO stage (13), duration
of treatment,(14-15) and CD4 cell count.(16)
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World Health Organization (WHO)
classifies body mass index by dividing the BMI
value into underweight (<18.5 kg/m2), normal
weight (18.5-24.9 kg/m2), pre-obesity (25-29.9 kg/
m2), obesity (30-39.9 kg/m2), and morbid obesity
(>40kg/m2).(17)
One study found that a higher BMI is
associated with more robust CD4+ T-cell
recovery in HAART-treated patients.(18) CrumCianflone et al.(19) discovered that following
HAART, obese HIV-infected patients acquired
fewer CD4+ T lymphocytes compared to normal
weight HIV-infected patients, indicating that the
potentially adverse immune response is associated
with excess weight.(19) However, the study of
Tedaldi et al.(20) found that higher BMI is not
correlated with immunological and viral responses
to antiretroviral therapy.(20) Thus the effects of
BMI on immune reconstitution after initiating
HAART remain inconsistent.
The present study focused on patients with
first-line ART and used BMI data that are easily
calculated but important for predicting the outcome
of ART treatment, treatment drop-out and CD4
recovery and death. The aim of this study was to
determine the association of demographic factors,
BMI and clinical staging with CD4+ counts that
illustrate the progression of the disease in HIV
patients seeking treatment using first-line
antiretrovirals.
METHODS
Research design
An analytic research of cross-sectional
design was conducted in West Papua (Manokwari
Regency, Sorong Regency and Fak-Fak Regency)
from May to July 2019.
Study subjects
The sample size was estimated using a 3%
level precision (d), estimated population proportion
0.98 with 95% confidence interval. Based on
formula calculations the total sample to be taken
in the three regencies was 251 persons. The
respondents were HIV or AIDS patients who
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went to the voluntary counseling testing (VCT)
clinics of Manokwari Hospital, Sele Be Solu
Hospital (Sorong City), and Fak-Fak Regional
Hospital in 2019 and who had received first-line
ART for 6 months. The inclusion criteria of the
study were availability of CD4 data and complete
medical records, and having received ART for a
minimum of 6 months and a maximum of 60
months. Female patients who were pregnant at
baseline or during the follow-up visits were
excluded from the study.
Measurements
Body mass index (BMI) was calculated
using the formula weight (kilograms)/height
(meters squared). The body mass index (BMI)
in this study was also analyzed based on
groupings from the Western Pacific Region of
the WHO Criteria Pertaining to Obesity (WPRO
criteria, 2000), namely underweight (BMI <18.5),
normal BMI (18.5–22.9), overweight (BMI 2324,) obese I (25-29.9) and obese II (BMI=30).
World Health Organization clinical staging: stage
1, patients who are asymptomatic or have
persistent generalized lymphadenopathy
(lymphadenopathy of at least two sites [not
including inguinal] for longer than 6 months) are
categorized as being in stage 1, where they may
remain for several years. Stage 2, even in early
HIV infection, patients may demonstrate several
clinical manifestations. Clinical findings included
in stage 2 (mildly symptomatic stage) are
unexplained weight loss of less than 10 percent
of total body weight and recurrent respiratory
infections (such as sinusitis, bronchitis, otitis
media, and pharyngitis). Stage 3, as disease
progresses, additional clinical manifestations may
appear. Those encompassed by the WHO clinical
stage 3 category (the moderately symptomatic
stage) are weight loss of greater than 10 percent
of total body weight, prolonged (more than 1
month) unexplained diarrhea, pulmonary
tuberculosis, and severe systemic bacterial
infections including pneumonia, pyelonephritis,
empyema, pyomyositis, meningitis, bone and joint
infections, and bacteremia. Stage 4, the WHO

Vol. 39 No.2

clinical stage 4 (the severely symptomatic stage)
designation includes all of the AIDS-defining
illnesses.(4)
Laboratory analysis
CD4 + cell examination uses the PIMA
Analyzer (Alere), PIMA Bead Count and the
PIMA CD4 cartridge. The CD4 value that comes
out of the PIMA tool is an absolute value without
a percentage value. As a priority, ART should be
initiated in all individuals with severe or advanced
HIV clinical disease (WHO clinical stages 3 or
4) and individuals with CD4 count 350 cells/
mm3 (strong recommendation, moderate-quality
evidence). The ART should be initiated in all
individuals with HIV with a CD4 count of >350
cells/mm3 and 500 cells/mm3, regardless of
WHO clinical stage (strong recommendation,
moderate-quality evidence).(21)
Statistical analysis
The independent variables were age (years),
gender (M/F), education (years), occupation (yes/
no), body mass index and clinical stage, while the
dependent (outcome) variable was the CD cell
count. Data were analyzed using multiple linear
regression with 95% confidence interval to
quantify the strength of association between CD4
as the dependent variable and the independent
variables. A p-value of less than 0.05 was
considered significant.
Ethical clearance
This study has been approved by the Health
Research Ethics Committee of the Board of
Health Research and Development, Ministry of
Health, Republic of Indonesia, under number
LB.02.01/2/KE.008/2019.
RESULTS
Demographic characteristics of HIV
research subjects include age, sex, occupation and
education, while clinical characteristics include
BMI, clinical stage and CD4+ count.
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Table 1. Demographic and clinical
characteristics of the subjects (n=251)
Characteristic
Age (median-range in years)
Sex (n%)
Male
Female
Education (n%)
No schooling
Primary school
Junior high school
Senior high school
Bachelor
Employment (n%)
Government employee
Military/Police
Private employee
Sailor
Farmer
Laborer
Unemployed
Body mass index (n%)
Underweight
Normal weight
Overweight
Obese
Clinical stage (n%)
Stage I
Stage II
Stage III
Stage IV
CD4 count (median - range)

n (%)
36 (15-72)
113 (45)
138 (55)
2 (8)
24 (9.6)
40 (15.9)
106 (42.2)
79 (31.5)
41 (16.3)
3 (1.2)
110 (43.8)
3 (1.2)
8 (3.2)
7 (2.8)
79 (31.5)
49 (19.5)
100 (39.8)
37 (14.7)
65 (25.9)
50 (19.9)
30 (12)
161 (64.1)
10 (4)
389 (10-1500)

Table 1 shows that the subjects were of
productive age, that the highest level of
education was high school, and that almost half
were private employees. Many HIV subjects
were of normal weight, and had HIV/AIDS
stage 3.

A

B

Table 2 shows the results of the multiple
linear regression analysis showing that the two
variables that had a significant relationship with
CD4+ count were BMI (B=69.247;95% CI=
42.886-95.608) and clinical stage (B=61.590;
95% CI=28.910-94.270). BMI was the most
influencing factor for CD4+ (β=0.307) compared
to clinical stage (β=0.216).
DISCUSSION
Demographic characteristics of HIV
respondents in West Papua indicate that the
characteristics of gender, age, education and
occupation are still dominated by women of
productive age, secondary education level and
private employment. In a previous study in
Papua Province it was also found that most of
the subjects were women, were of productive
age (17-35 years) and had high school
education.(22)
As to the clinical characteristics of West
Papuan patients, the majority of patients have a
CD4 count of >350 cells/mm3, are in clinical
stage 3 and have a normal body mass index of
18.5-22.9 kg/m2. This is in contrast to a study in
Timika (Mimika Regency) where more patients
in stages 1-2 were found.(23)
From the results of the analysis it was found
that there is a significant association between
CD4+ count and body mass index of HIV
patients in West Papua. The greater the BMI
value, the higher the CD4+ count. The profile of
nutritional changes in HIV patients has been
reported to have changed since starting therapy,

C

Table 2. Factors associated with CD4+ lymphocyte resulting from multiple linear regression
Characteristics
Sex
Age
Education
Employment
Body mass index
Clinical stage

B

β

p value

6.304
0.239
12.568
2.493
69.247
61.590

0.156
0.009
0.050
0.024
0.307
0.216

0.120
0.877
0.432
0.718
0.000*
0.000*

B: unstandardized regression coefficient; β: standardized regression coefficient
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95% CI
Lower
-13.632
-2.795
-44.048
-11.112
42.886
28.910

Upper
16.975
3.274
18.912
16.098
95.608
94.270
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with an increase in the prevalence of obesity and
weight loss. Several studies have shown that the
level of overweight found in people with HIV/
AIDS does not differ from the general
population.(24)
Changes in body fat distribution, dyslipidemia
and insulin resistance are common conditions in
adult HIV patients undergoing antiretroviral
therapy and being overweight can cause
complications. (25-26) A decrease in BMI is
associated with a worse prognosis in people with
HIV. Body mass index is related to nutritional
status of HIV sufferers, while nutritional status
influences the function and immunity status of
HIV patients.(27-28).
The poor immune function due to HIV/AIDS
causes nutritional deficiencies resulting in immune
dysfunction and accelerated disease progression
to AIDS.(29)
Besides body mass index, another factor
associated with CD4 + is the clinical stage of the
disease. The analysis of HIV patients in West
Papua found that the higher the clinical stage,
the lower the CD4 + value. As many as 61.4%
of HIV patients in West Papua are in clinical stage
3. Like CD4 counts, recognition of these clinical
findings included in the WHO system is an
important method for identifying HIV-infected
individuals at high risk for morbidity and mortality.
Remaining aware of the natural course of HIV
infection allows one to base management
decisions on the patient’s clinical presentation.
According to the WHO, advanced HIV/AIDS
disease is defined for surveillance purposes as
any clinical stage-3 or stage-4 disease or any
clinical stage with a CD4 count greater than 350
per cubic mm, and this information can be used
to calculate the burden of disease and the demand
for antiretroviral therapy. (5) There is strong
evidence supporting the clinical benefit of
antiretroviral medications for adults with
advanced HIV/AIDS as determined clinically or
immunologically, with the WHO recommending
definitive initiation of antiretroviral therapy in
adults and adolescents in clinical stage 4,
consideration of therapy initiation for those in
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clinical stage 3, and antiretroviral use for those in
clinical stage 1 or 2 only if the CD4 count is greater
than 200 per cubic mm. For patients taking
antiretroviral therapy for more than 24 weeks,
new or recurrent clinical staging events can be a
guide to decision-making. Prior to 24 weeks of
antiretroviral treatment, clinical events are largely
influenced by immune reconstitution or treatment
toxicity and may not accurately reflect immune
deterioration.(21) WHO guidelines report that the
appearance of new or recurrent WHO clinical
stage 3 and 4 conditions beyond 24 weeks after
initiation of therapy suggests treatment failure.
The HIV/AIDS epidemic clearly has broad and
significant implications for individuals living around
the globe. Populations in developing nations are
especially hard-hit by HIV infection and, at the
same time, frequently lack access to technological
advances and other resources for diagnosing and
managing care. Screening strategies, such as the
WHO Clinical Staging System, allow for efficient
identification of early infection and aggressive
management when clinicians are equipped with
the knowledge to apply them, and can therefore
be useful tools for improving access to and
implementation of care. A limitation of our study
was its cross-sectional design. Staging at a single
visit may not adequately capture events that might
have occurred prior to the study evaluation. Also,
the WHO clinical staging depends largely on
gathering relevant clinical information from the
patient and is therefore subjective.
The clinical implication of this study is that
an absolute CD4 cell count below 200 cells/mm3
indicates severe damage to the body’s immune
system. Absolute CD4 cell counts can still be
used to determine the initiation of antiretroviral
therapy. Future studies should perform a CD4
percentage check in addition to an absolute CD4
count, because CD4 percentage is more stable
than the absolute value.
CONCLUSIONS
Clinical stage and body mass index affect
the absolute CD4+ count; a greater BMI value
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will increase the CD4+ count and a higher clinical
HIV stage will decrease the CD4+ count.
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