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Abstract

Background: Antiretroviral therapy (ART) is the established medical treatment for individuals diagnosed with human immunodeficiency virus
(HIV) infection. Studies indicate a notable occurrence of dyslipidemia and anemia in populations affected by HIV, where disease progression
and immunosuppression contribute to hematological deficiencies. Despite these risks, there have been inadequate studies to definitively
ascertain whether the side effects of ART are the cause, or if it is the HIV infection itself that leads to these conditions in individuals who are
living with HIV. This study seeks to explore the fundamental factors that lead to the onset of anemia and dyslipidemia in individuals impacted
by HIV.

Methods: A total of fifty participants were recruited; twenty-five subjects who had been on ART for at least six months, and twenty-five
controls who were treatment-naive but were living with HIV. The lipid profile and hematological parameters were examined in blood samples
using test kits and an autoanalyzer, respectively.

Results: The results indicated a notable reduction (p<0.05) in high-density lipoprotein (HDL), red blood cell (RBC) counts, hemoglobin
(HGB), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC) among individuals with HIV/AIDS
undergoing ART in comparison to the treatment-naive control group.

Conclusion: From this study, we may conclude that ART contributes to ART-associated dyslipidemia and is also implicated in the incidence
of anemia.
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Introduction

The human immunodeficiency virus (HIV) specifically attacks
the immune system, focusing on CD4 T cells, which are
essential for the immune system's ability to fight off infections.
[11 In contrast, acquired immunodeficiency syndrome
(AIDS) signifies the most advanced stage of HIV infection;
it is identified when the immune system is significantly
compromised, usually indicated by a CD4 cell count dropping
below 200 cells per cubic millimeter of blood or the emergence
of one or more opportunistic infections or AIDS-defining
conditions, irrespective of the CD4 count [2]. As of the end of
2023, HIV has impacted 39.9 million (ranging from 36.1 to 44.6
million) individuals globally, representing 0.6% of the adult
population aged 15 to 49 years [3].

Theintroductionofantiretroviraltherapy (ART) has profoundly
transformed the realm of HIV treatment, shifting it from a rapid
lethal disease to a chronic and manageable condition [5]. Both
global and national guidelines consistently endorse "test and
treat" approaches, promoting the commencement of ART for
every individual identified as having HIV, irrespective of their
CD4 cell count or clinical condition. This paradigm shift is
driven by compelling evidence demonstrating that early ART
initiation leads to superior clinical outcomes for the individual,
including immune reconstitution, reduction in opportunistic
infections, and improved quality of life and longevity [6]. ART
regimens generally consist of a combination of no fewer than
three medications from various classes to ensure optimal
viral suppression, minimize the emergence of resistance and
reduce the toxic effects linked to each medication [7].
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Moreover, anemia is among the most prevalent
hematological issues faced by individuals living with HIV/AIDS.
Its presence in this population is associated with increased
morbidity, faster disease progression, reduced quality of life,
and higher mortality [9]. The causes had been reported to
be multifactorial, involving the HIV virus itself, opportunistic
infections, nutritional deficiencies, bone marrow suppression,
and side effects of ART or other medications [10].

Dyslipidemia is a medical condition prevalent in individuals
living with HIV/AIDS (PLWHA), exhibiting a combined
prevalence of 50% concerning cardiovascular disease (CVD)
risk, research indicates lower levels of HDL-C and higher
triglyceride levels [11]. This condition significantly increases
the risk of cardiovascular diseases; these are a significant
contributor to illness and death within this population.

Despite these potential dangers, insufficient studies have
been conducted to definitely establish whether it is the HIV
condition or ART that is responsible for the high prevalence
of dyslipidemia and anemia in people living with HIV.
Investigating hematological and lipid indices in PLWHA on ART
and those who have not commenced treatment can provide
insightful indices into the real cause of dyslipidemia and
anemia observed in PLWHA and thus reduce mortality caused
by these conditions and ensure proper patient management.

Methodology
Study subjects

Inthis research, 50 participants were recruited in total, with 25
individuals assigned to each group. Of these participants, one
group consists of individuals diagnosed with HIV/AIDS who
are receiving ART, while the other group includes individuals
diagnosed of HIV/AIDS who are not undergoing ART.

Inclusion criteria

1. Individuals diagnosed with HIV/AIDS and receiving ART
for a minimum of six months.

2. Individuals diagnosed with HIV/AIDS and have not
commenced treatment with ART.

Exclusion criteria
Individuals who have not received a diagnosis of HIV/AIDS.
Collection of data

Collection of data form (questionnaire) that included
demographic details, HIV/AIDS and ART history, common
side effects experienced on the ART regimen, medical history,
and lifestyle factors were utilized for the recruitment of
subjects. Collection of data was conducted through personal

interviews; consent was sought from all participants after they
were informed about the study's benefits and significance.
The ethics approval ID: UNIMED-HREC/Apv/2025/489.

Biochemical analysis

Fasting blood samples were collected via venipuncture,
and various parameters were assessed in both the case and
control groups. The lipid profile parameters were determined
using Randox test kits, while the hematological profile was
done using the autoanalyzer, following the manufacturer's
guidelines.

1. Total serum cholesterol (using the CHOD-PAP Method)
[12].

2. Serum triglycerides (measured by the GPO-Trinder
Method) [13].

3. Serum high-density lipoproteins (HDL) (determined via
the Phosphotungstic Acid Method) [14].

4. Serum low-density lipoproteins (LDL) (calculated using
the Friedwald equation) [15].

Statistical evaluation

The data collected underwent statistical analysis using
GraphPad Prism (version 8.00). An unpaired t-test was
conducted comparing the means of subjects in the treatment
group with those in the control group (subjects not receiving
ART). The findings are presented as mean * standard
deviation (SD). A significant difference between the means
of subjects and control values was established at p<0.05
confidence interval for the lipid and hematology parameters
was considered significant.

Results

A total of 50 participants were recruited for this study, 25 of
the total participants are people living with HIV/AIDS on ART
(treatment group), and while the other 25 were treatment
naive group i.e. participants living with HIV/AIDS but not on
ART. The results were presented as mean + SEM (*p<0.05,
***p<0.001 when treated subjects were compared to the
control group, “ns” means not significant when compared to
the control).

Figure 1 shows a significant decrease (p<0.05) in WBC,
granulocytes, and MID in subjects on treatment when
compared to control while the lymphocytes are increased
in the control group. Figure 2 shows a marked decline
(p<0.05) in RBC count in treated subjects when compared
to treatment-naive subjects (control). Figure 3 reveals a
marked decline (p<0.05) in HGB (p<0.0001) in treated subjects
when compared to treatment-naive subjects (control). Data
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Figure 1. Blood cell parameters: white blood cell (WBC), lymphocytes, granulocytes, mixed cells count (MID) in subjects on treatment with
ARTs and treatment-naive subjects.
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Figure 2. Blood cell parameter: Red blood cell count (RBC) in subjects on treatment with ARTs and treatment-naive subjects.

HGB (g/dL)

Control (No treatment Treatment group

Figure 3. Blood cell parameter: Hemoglobin (HGB) in subjects on treatment and treatment-naive subjects.
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from Figure 4 shows a significant increase in platelet count
(p<0.05) in treated subjects when compared to the control
while Figure 5 shows a notable decline (p<0.05) in HDL of
subjects on treatment when compared to treatment-naive
subjects (control), non-significant increase in total cholesterol
and low density lipoprotein (LDL) levels were also observed in
treated group when compared to the control group, with an
increase in triglyceride level in control group.

Discussion

Anemia is noted as the most common hematologic disorders
that are prevalent among individuals living with the HIV [9].
This research also assessed hematological parameters. A
notable decrease (p<0.05) in WBC, granulocytes, and MID

was found in patients receiving ART treatment in comparison
to the control. This finding aligns with a prior study that
indicated a reduction in WBC following ART treatment [16].
Conversely, Ashenafi et al. [17] observed a different trend.
White blood cells have a crucial role in the body’s defense
mechanism against pathogens and diseases, engaging in
immune responses. They travel through the bloodstream
and initiate inflammatory and cellular reactions to injury/
pathogens [18]. The decline in the total count of white blood
cells, granulocytes, and MID (which includes monocytes,
intermediate cells, and dendritic cells) is frequently regarded
as a favorable indicator of the treatment's effectiveness,
as it can reflect improved immune function, a reduction
in opportunistic infections, and a decrease in the direct
destruction of blood cells by the virus itself [8].

250
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Figure 4. Blood cell parameter: Platelet (PLT) in subjects on ARTs and those not on treatment with ARTs.

Treatment group

Lipids (mmol/L)

Figure 5. Serum lipid profile in subjects on treatment with ARTs and treatment-naive subjects.
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A marked decline (p<0.05) in RBC count, HGB (p<0.0001),
MCH (p<0.001), and MCHC ( p<0.0001) was observed in ART-
treated HIV subjects when compared to ART-naive subjects
(control). Moreover, there was no significant difference
(P>0.05) observed in MCV, RDW-SD, and HCT in ART-treated
HIV individuals in comparison to control. Okeke et al. [19],
Satpute et al, [20], Ngwu and Eneh [21] also reported
decreased RBC, MCH, and HGB in HIV subjects on ART when
compared with those not on ART. The decrease in RBC, MCH,
HGB, and MCHC observed in this study could be due to the
ability of ART to suppress the production of red blood cells in
the bone marrow causing anemia. While anemia is a reported
symptom of HIV [22]. We can also imply that ART may lead to
reduction in the number of red blood cells and the level of
hemoglobin concentration, without altering size of the red
blood cells or overall blood volume relative to the control
group [23]. A significant increase in platelet count PLT (p<0.05)
was observed in subjects on ART when compared to the
control. This suggests that while the total number of platelets
and their average size changed significantly with treatment,
the variation in size and the proportion of large platelets did
not. This might be due to the beneficial effect of active ART
in reducing the frequency of thrombocytopenia [24,25].
However, treatment with ART improved the production
of platelet cells, and this position might further implicate
platelets in the pathogenesis of HIV [8].

Lipid profiling serves as an indicator of cardiometabolic
health risk [26]. Dyslipidemia is a medical condition
prevalent in individuals diagnosed with HIV/AIDS (PLWHA),
which induces CVD [11]. The results obtained from the lipid
profiling of subjects show a notable decline (p<0.05) in HDL
of subjects on treatment with ART when compared to the
ART-naive subjects (control). There was also an insignificant
elevation observed in total cholesterol and LDL levels in HIV
patients on ART treatment when compared to the control
group. The observed decrease in HDL in HIV patients on ART
aligns with [11,27-29], which reported that HDL level may
remain suboptimal or decrease, and treatment for HIV with
ART induces dyslipidemia. In contrast, Lembas et al. [30]
reported elevated HDL levels in patients on treatment with
ART. The observed decrease in HDL may be a result of the
interaction between ART and pregnane X receptor (PXR) [11],
and also due to chronic inflammation and immune activation
associated with ART [31]. The observed elevated values in
total cholesterol and LDL levels, though not significant, is
consistent with a report by Lembas et al. [30], where ART-
associated dyslipidemia was observed. Moreover, the exact
pattern and severity by which ART acts depend on the specific
antiretroviral drug. Increased LDL and cholesterol beyond the
normal reference range is a threat to cardiometabolic health
[32]. Factors such as doses, duration of treatment, and regimen
type could have accounted for the pattern of the lipid profile
results in this study.

Conclusion

This study allows us to conclude that ART in patients with
HIV may lead to ART-related dyslipidemia, characterized by a
notable reduction in HDL levels and an elevation in LDL and
cholesterol levels, thereby increasing the cardiovascular risk
for these patients. The induced changes in the levels of blood
cells (RBC, WBC, and platelets) in ART-treated patients further
emphasize ART’s impact on hematopoiesis and immune
response. These findings emphasize the essential requirement
to regularly monitor these parameters, given their impact on
patient morbidity and treatment results.

Recommendation

It is however recommended to include regular lipid
and hematological profiling in the clinical management
of HIV patients undergoing ART to identify and address
dyslipidemia and anemia at an early stage. Patients showing
lipid abnormalities, particularly decreased HDL and elevated
LDL, should receive targeted interventions including lifestyle
modification and, if needed, pharmacotherapy to mitigate
cardiometabolic risk. Sirtuin 1 activators may need to be
consumed in these HIV patients as ART-Sirtuin 1 is critical in
the prevention of various chronic diseases especially in the
prevention of lipid, hematopoiesis and immune response
abnormalities. Plasma Sirtuin 1 levels may need to be
measured in HIV patients receiving ART to prevent multiple
organ disease syndrome. We would also suggest that tailoring
ART regimens based on patient metabolic and hematological
profiles to reduce adverse effects and improve tolerability.
Lastly, a multidisciplinary approach can be used to engage
nutritionists, hematologists, and cardiologists alongside
infectious disease specialists to provide comprehensive care
addressing the multifactorial effects of HIV and ART.
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