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Abstract
Background: As people with HIV have an increased survival rate, the focus has moved to metabolic changes in the long-term as a
result of antiretroviral therapy. Over time, these changes are becoming important in terms of morbidity. The assessment of early
metabolic changes after therapy initiation is thus necessary to optimise long-term care of patients.

Methods: This prospective cohort study involved 57 persons who had a recent HIV diagnosis, who had never been treated, and were
referred to a tertiary care centre. Everyone was started with a typical first-line treatment including tenofovir, lamivudine, and
dolutegravir. Laboratory tests and physical measurements, such as lipid parameters, hepatic indicators, renal indices, and glycated
haemoglobin were measured during initial evaluation, six months, and twelve months.

Results: Average body weight, body mass index, and waist circumference had significant increases over a period of twelve months
(p <0.0001). Follow-up also revealed a significant increase in the circulating triglyceride concentrations (p <0.0001). Conversely,
other biochemical measures, such as high-density lipoprotein, low-density lipoprotein, total cholesterol, hepatic, renal, and glycated
haemoglobin, did not show significant difference.

Conclusion: The introduction of antiretroviral therapy in ART-naive patients with HIV was linked to substantial improvements in
anthropometric parameters and triglycerides over a period of one year of treatment. The rest of the biochemical parameters were
stable, which suggests good short-time metabolic tolerance. It is advisable to monitor body composition and lipid parameters on
a regular basis to determine early metabolic alterations and minimise long-term cardiometabolic risk.
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Introduction

Human immunodeficiency virus (HIV) infection is a significant
global health concern despite the development of
diagnostics and treatment, and has resulted in high morbidity
and mortality rates, especially in low- and middle-income
nations. Combination antiretroviral therapy (ART) has turned
HIV into a chronic and controllable disease by suppressing
viral replication, enhancing the immune system, and
decreasing opportunistic infections, thus greatly increasing
survival and quality-of-life1. As people with HIV have longer
lifespans, new co-morbidities including metabolic
abnormalities such as weight gain, dyslipidaemia, disturbed
glucose metabolism, insulin resistance, and abnormal fat
distribution have become increasingly important causes of
morbidity2. Despite the fact that modern ART regimens,
especially the ones with integrase strand transfer inhibitors
(tenofovir, lamivudine, and dolutegravir) are more tolerable
than former therapies, they also can affect metabolic
pathways and lead to alterations in body weight, composition,
and lipid profile3. These metabolic changes are multifactorial

and include chronic immune stimulation, chronic
inflammation, immune reconstitution during ART initiation
(so-called return to health phenomenon), direct drug action
on adipocyte and insulin signaling pathways and host factors
such as age, sex, nutritional status, lifestyle, and genetic
predisposition4,5. Assessment of metabolic parameters in ART-
naïve HIV patients is necessary to differentiate disease-related
alterations and therapy-induced effects and allow early
detection of patients with risk of developing long-term
cardiometabolic complications. Especially in resource-limited
countries such as India where late presentations and
increasing cardiovascular risk factors co-exist. Anthropometric
data like body weight, body mass index, waist circumference,
and biochemical parameters like lipid profile, liver and renal
functions test, and glycated haemoglobin among others are
useful indicators of metabolic status, with dyslipidaemia, in
particular, hypertriglyceridaemia being one of the most
frequently reported abnormalities with long-term
implications6. Nonetheless, there are few studies on early
metabolic alterations with the initiation of ART in ART-naïve
patients in tertiary care units because most studies
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concentrate on long-term therapy. Thus, the current study
was carried out to prospectively assess the anthropometric
and metabolic variables after antiretroviral therapy in ART-
naïve HIV patients to define the initial metabolic changes.

Aim and Objectives

The aim of this study was to examine alterations in physical
measurements and metabolic indicators following initiation
of antiretroviral therapy in previously untreated individuals
with HIV infection. The study focused on tracking variations
in body weight, body mass index, and waist circumference
at baseline, six months, and twelve months after the start of
treatment.

Additionally, the study evaluated changes in lipid-related
parameters and assessed variations in hepatic markers, renal
indicators, and glycated haemoglobin over a one-year
observation period to better understand the metabolic
effects associated with antiretroviral therapy.

Material and Methods

A prospective cohort study was conducted in the
Antiretroviral Therapy unit over twelve months (May 2022 to
April 2023), in a teaching institution after obtaining clearance
of the Institutional Ethics Committee. Written consent was
taken from all participants before enrolment. A total of 57
people who were recently confirmed to have HIV infection,
previously untreated with antiretroviral medication, were
recruited.

People who had co-morbidities that are known to affect
metabolic outcomes, such as diabetes mellitus, tuberculosis,
malignancy, nephrotic syndrome, chronic hepatic disease,
thyroid abnormalities or anemia were excluded. All
participants were initiated on routine first-line therapeutic
plan of tenofovir, lamivudine, and dolutegravir as per NACO
guidelines, and were followed up over a one year period
with evaluation at baseline, 6 months, and 12 months.

Physical measurements were done, such as weight of the
body, body mass index, and waist circumference
documented at every visit by standardised recordings. Lab-
assessment incorporated lipid-related measures (total
cholesterol, triglycerides, HDL, LDL and VLDL), hepatic
indicators, renal indicators, and glycated haemoglobin.

The main endpoints were variation in physical and
biochemical indicators with time. All data were digitized
and analysed with statistical software. Numerical data were
calculated based on measures of central tendency and
dispersion and categorical variables were presented in
number and percentage. The evaluation of temporal changes
was performed with the help of relevant comparative
methods, such as variance-based methods. A pre-set limit
was used on determine statistical relevance.

Results

A total of 57 ART-naïve HIV-positive patients were enrolled
and followed for twelve months after initiation of
antiretroviral therapy. Among them, 36 (63.16%) were male
and 21 (36.84%) were female. The majority of patients
belonged to the 21 - 30 years age group, followed by 31 - 40
years, indicating a higher prevalence among young adults.

Changes in Anthropometric Parameters

A progressive increase in body weight, body mass index
(BMI), and waist circumference was observed over the 12-
month follow-up period. These changes were statistically
significant overall (p <0.0001). Post-hoc analysis showed
that the significant differences were primarily observed
between baseline and twelve months, while changes
between intermediate time points were not statistically
significant.

The increase in waist circumference indicates a rise in central
adiposity over time. Detailed values and statistical comparisons
are presented in Table I and illustrated in Figs. 1 - 3.

Table I: Change in mean anthropometric parameters from baseline to 12 months after ART initiation.

Parameter 0 Months (Mean ± SD) 6 Months (Mean ± SD) 12 Months (Mean ± SD) F-Ratio p-value

Weight (kg) 52.8 ± 10.4 57.1 ± 11.2 61.3 ± 11.0 1024.8 <0.0001

BMI (kg/m²) 22.1 ± 3.4 24.0 ± 3.5 25.7 ± 3.4 824.3 <0.0001

SGOT (U/L) 40.9 ± 20.4 45.6 ± 24.4 41.1 ± 19.0 1.16084 0.316962

SGPT (U/L) 42.2 ± 24.6 41.4 ± 25.1 36.3 ± 17.1 1.5332 0.220339

Urea (mg/dL) 27.3 ± 12.8 26.0 ± 8.5 26.5 ± 6.9 0.30786 0.735641

Creatinine (mg/dL) 0.9 ± 0.2 1.0 ± 0.29 1.6 ± 0.4 1.11767 0.330662
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HDL (mg/dL) 53.4 ± 10.9 53.1 ± 10.2 50.2 ± 9.4 38.9 <0.0001

Triglycerides (mg/dL) 112.8 ± 34.2 113.4 ± 33.0 129.7 ± 35.0 51.71911 <0.0001

VLDL (mg/dL) 25.6 ± 8.2 25.3 ± 8.4 25.3 ± 8.9 3.09364 0.049232

LDL (mg/dL) 103.3 ± 39.0 102.8 ± 38.7 108.9 ± 37.8 43.4314 <0.0001

Total Cholesterol (mg/dL) 154.2 ± 56.8 152.2 ± 56.4 151.3 ± 57.6 2.36939 0.098211

HbA1c (%) 5.4 ± 0.2 5.5 ± 0.2 5.5 ± 0.2 1.06064 0.349685

Waist Circumference (cm) 81.2 ± 10.64 85.1 ± 10.80 91.4 ± 11.1 3318.721 <0.0001

Changes in Biochemical Parameters

Triglyceride levels showed a progressive and statistically
significant increase over the follow-up period (p <0.0001),
with significant differences observed between baseline and
twelve months, as well as between six and twelve months.
In contrast, other lipid parameters, including HDL, LDL,
VLDL, and total cholesterol, showed minimal changes over
time and did not demonstrate consistent clinically significant
variation.

Liver function parameters (SGOT and SGPT) and renal
function parameters (urea and creatinine) remained stable

Fig. 1: Mean weight variation between baseline and 12 months after
ART initiation.

Fig. 2: Mean BMI variation between baseline and 12 months after ART
initiation.

Fig. 3: Mean waist circumference variation between baseline and 12
months after ART initiation.

Fig. 4: Variation in mean lipid profile parameters between baseline and
12 months after ART initiation.

throughout the study period, with no statistically significant
changes observed. Glycated haemoglobin (HbA1c) showed
a slight increase; however, this change was not statistically
significant.

The overall variation in lipid profile parameters over the
follow-up period is depicted in Fig. 4.

Discussion
The current study assessed the metabolic profile of ART
naïve HIV patients who visit an ART tertiary care hospital
and measured the anthropometric and biochemical
changes.
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Increased body weight may reflect a combination of the
“return-to-health” phenomenon following viral suppression,
improved appetite, and reduced catabolic effects of chronic
HIV infection. Comparable findings have been reported in
previous studies, where weight gain after initiation of ART
was attributed to immune restoration and improved
nutritional status5.

The considerable increase in BMI after 12 months also
indicates the existence of ART-related alterations in overall
body mass. Even though the initial gains in BMI can be
helpful in malnourished patients, higher and persistent gains
can expose patients to overweight and obesity. This is of
clinical importance, because high BMI is known to be one
of the risks of cardiovascular disease and metabolic
syndrome. Past research has revealed inconsistent impacts
of ART on BMI that point to the impact of the population,
baseline nutrition and course of treatment6.

A statistically significant increase in waist circumference
was found at follow-up exhibiting a rise in central adiposity.
Of specific interest is the central fat accumulation, which is
highly linked to insulin resistance and cardiovascular risk.
Various studies have reported ART-related changes in fat
distribution, central obesity, that have been attributed to
the intricate interplay between antiretroviral drugs,
adipocyte functions, and inflammatory processes7. The
outcome is an apparent rise in waist circumference of this
group, which highlights the importance of regular
surveillance of central obesity in ART-using HIV patients.

Of all biochemical parameters, the levels of triglyceride
showed a statistically significant rise throughout the 12-
month follow-up time. Among the most common
metabolic abnormalities in HIV patients taking ART,
dyslipidaemia, especially hypertriglyceridaemia, is one of
them. This increase in triglyceride levels was reported by
Daniyam and Iroezindu and Yinzhong et al, who also
reported an increase in triglyceride levels in HIV-infected
people after they started taking ARTs8,9. High triglycerides
are a risk factor in cardiovascular difease and should be
monitored and treated early.

Other lipid parameters such as HDL, LDL, VLDL, and total
cholesterol, did not exhibit statistically significant alterations
throughout the study period. There are previous studies
which have reported similar mixed outcomes with some
showing LDL and total cholesterol increase and others
showing slight or no change10,11. The relatively steady lipid
profile excluding triglycerides in the current study could
be an indication of the relatively good metabolic tolerance
of the TLD-based regimen.

Liver parameters such as SGOT and SGPT were consistent
during the study and no considerable highs were recorded.
This indicates that ART regimen was tolerated well in terms

of hepatic functioning in the initial year of therapy. The results
seem to be consistent with other researchers who found
very low clinically-significant hepatotoxicity with current ART
regimens12. On the same note, parameters of renal function,
such as serum urea and creatinine did not experience
significant changes in the course of the follow-up, and
therefore renal function was preserved throughout the study.

HbA1c as a measure of glycaemic status demonstrated a
marginal increase over time, but this was not significant.
This implies that exposure to ART over short-term did not
have a significant effect on glucose metabolism in this
group. Little changes in HbA1c levels among HIV patients
on ART have also been reported in the previous literature,
and the glucose dysregulation might appear in the long-
term or with other risk factors12-14.

On the whole, the results of this research point out that,
although the introduction of ART among ART-naïve HIV-
positive patients results in considerable changes in
anthropometric parameters and triglycerides, the majority
of other biochemical parameters do not change significantly
in the initial year of treatment. The findings underscore the
need to monitor early metabolism, especially weight, waist
circumference and triglyceride levels to detect patients
who are prone to long-term cardiometabolic complications.
The research has some limitations such as a rather small
sample size and the period of follow-up. More multicentric
studies with longer follow-up should be conducted to have
a better understanding of the long-term metabolic impact
of ART and clinical implications. However, the current study
contributes to understanding the early metabolic alterations
upon the ART initiation in a tertiary care environment and
supports the necessity of the metabolic monitoring as an
inseparable part of the HIV treatment.

Conclusion

This paper proves that the implementation of antiretroviral
treatment in ART-naïve HIV patients who receive medical
care at a tertiary care ART center is linked to the presence of
meaningful alterations in the chosen metabolic parameters
within a 12-month follow-up. Significant changes of body
weight, body mass index, waist circumference, and serum
triglyceride were recorded, which showed a change in body
composition and lipid metabolism after the initiation of ART.
These results indicate the predisposition to central adiposity
and dyslipidaemia, which can predispose the individuals with
HIV to cardiovascular disease in the long run. Conversely,
other biochemical parameters, such as liver function tests,
renal function tests, HbA1c, and the majority of the lipid
profile, did not change much within the study period. It
indicates that the ART regime implemented was generally
well-tolerated in the short-term with regards to hepatic, renal,
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and glycaemic outcomes. The results underline the
importance of periodic monitoring of anthropometric
variables and lipid profiles, especially triglyceride levels, in
HIV patients starting ART to allow early lifestyle modifications
and prevention programs to reduce possible cardiometabolic
dangers in the future. The metabolic long-term consequences
of ART and how to make a comprehensive care plan on
individuals with HIV are issues that should be studied
thoroughly in bigger samples and longer follow-up.

Limitations
There are some limitations in this research that one ought to
bear in mind when explaining the results. One, the sample
size was small and it was chosen at a single tertiary care ART
center, which can limit the generalisation of results to other
settings or populations. Second, they were limited to 12
months of follow-up which is not sufficient to identify the
long-term metabolic effects of antiretroviral therapy,
especially in terms of cardiovascular and diabetic outcomes.
Third, the authors did not have a control group of HIV-negative
persons or patients who were not on ART, which limits the
possibility to differentiate between the changes that could
be explained only by ART and the ones that could be explained
by HIV infection or immune reconstitution. Fourth, lifestyle
habits like diet, physical activities, smoking, and alcohol intake
were not measured in a quantitative manner and these might
have contributed to the metabolic outcomes. Also, the
factors of insulin resistance and biomarkers of inflammation
were not measured, which could have given more
understanding of the mechanisms of observed metabolic
shifts. Imaging techniques were also not carried out to
analyze body composition, which restricts accurate
determination of fat redistribution. Nevertheless, the study
yields useful prospective information on initial metabolic
alterations of ART initiation in ART-naïve HIV patients despite
the aforementioned limitations.
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