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Abstract

Background:

Trace elements such as copper and zinc, along with their transport proteins ceruloplasmin and metallothionein, play crucial
roles in immune function and oxidative balance. Human immunodeficiency virus (HIV) infection and antiretroviral therapy
(ART) alter these micronutrient levels, influencing disease progression and metabolic complications.

Objectives:

To compare and correlate copper, zinc, ceruloplasmin, and metallothionein levels between ART-HIV-infected and non-
ART-HIV-infected subjects and evaluate associated biochemical and metabolic parameters.

Methods:

A cross-sectional study was conducted on 200 HIV-infected subjects (100 on ART, 100 not on ART) attending a tertiary
care center. Demographic, physical, lipid, glycaemic, and trace element parameters were assessed using standard
biochemical methods. Statistical analysis was performed with SPSS software; p < 0.05 was considered significant.
Results:

The mean age of participants was 55.5 + 6.2 years, with a male-to-female ratio of 1.3:1. BMI was significantly higher in
ART-HIV subjects (p < 0.0001), while blood pressure and age were comparable between groups. ART-HIV subjects
exhibited lower total cholesterol and LDL but higher HDL compared with non-ART-HIV patients. Fasting blood sugar was
significantly lower in the ART group (p < 0.001), though insulin levels showed no difference. Notably, serum zinc levels
were markedly reduced in ART-HIV subjects (p < 0.0001), whereas copper, ceruloplasmin, and metallothionein were
significantly elevated (p < 0.05). A positive correlation was observed between copper and ceruloplasmin, and a negative
correlation between zinc and ceruloplasmin.

Conclusion:

HIV infection and ART significantly alter trace element balance and related biomarkers. ART appears beneficial in
improving lipid and glycaemic profiles but is associated with zinc depletion and compensatory increases in copper,
ceruloplasmin, and metallothionein.

Recommendations:

Routine monitoring of trace elements in HIV-infected patients is essential. Zinc supplementation and dietary counseling
may mitigate long-term metabolic complications and improve immune resilience.
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Introduction

Human immunodeficiency virus (HIV) infection remains a
major global health challenge, with an estimated 37.7
million people affected worldwide and more than 24 lakh
cases reported in India alone [1]. Despite significant
advances in antiretroviral therapy (ART) that have improved
survival and quality of life, HIV continues to exert profound
systemic effects on immunity, metabolism, and
micronutrient balance [2]. The role of nutritional status and
trace elements in modulating immune responses and disease
progression among people living with HIV has therefore
become an important area of investigation [3].

Trace elements, particularly zinc and copper, serve as
essential cofactors for numerous enzymatic processes,
including nucleic acid synthesis, antioxidant defense, and
immune modulation [2,4]. Zinc deficiency impairs T-cell-
mediated responses and increases susceptibility to
opportunistic infections, while copper excess has been
implicated in oxidative stress and tissue injury [2,4].
Regulatory proteins such as ceruloplasmin, a copper-
binding glycoprotein, and metallothionein, a zinc-binding
protein, play crucial roles in maintaining trace element
homeostasis and oxidative balance. Altered expression of
these proteins has been documented in HIV infection,
contributing to immune dysregulation and disease
progression [2,5].

ART itself has complex metabolic implications. While
effective in suppressing viral replication, long-term use has
been associated with dyslipidemia, insulin resistance, and
glucose metabolism disturbances [2]. Moreover, recent
studies indicate that ART and HIV infection can differently
influence trace element levels, potentially predisposing
patients to cardiovascular disease, metabolic syndrome, and
accelerated aging [3-5].

Given the paucity of data from the Indian subcontinent,
particularly regarding trace element interactions in HIV-
positive individuals on ART compared with those not
receiving therapy, the present study was undertaken. We
aimed to evaluate and compare serum copper, zinc,
ceruloplasmin, and metallothionein levels, alongside lipid
and glycaemic parameters, in ART-HIV and non-ART-HIV
subjects. Understanding these biochemical alterations may
provide valuable insights into disease monitoring and guide
adjunctive nutritional interventions to optimize long-term
outcomes.
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Methodology

Study Design and Setting

This was a cross-sectional, comparative study conducted in
the Department of Pharmacology, Konaseema Institute of
Medical Sciences and Research Foundation (KIMS & RF),
Amalapuram, Andhra Pradesh, India. KIMS & RF is a
tertiary care teaching hospital that caters to a large rural and
semi-urban population of the Konaseema region. The
hospital has well-equipped clinical, diagnostic, and research
laboratories with an established Antiretroviral Therapy
(ART) Centre and Integrated Counselling and Testing
Centre (ICTC) wunder the National AIDS Control
Programme, serving as a referral hub for HIV care. The
study was carried out from January 2023 to December 2023
after obtaining institutional ethical clearance.

Study Population and Sampling

A total of 200 adult HIV-infected individuals were
enrolled, comprising 100 subjects on ART (Group 1) and
100 subjects not on ART (Group IlI). Participants were
recruited consecutively from the ART Centre and ICTC
units attached to the hospital.

Inclusion Criteria

Age > 18 years

Confirmed HIV infection as per National AIDS Control
Organization (NACO) guidelines

CD4 count between 350-500 cells/mm3

ART duration less than 3 months at the time of enrolment
(for the ART group)

Exclusion Criteria

Pregnant or lactating women

Individuals on post-exposure prophylaxis

Patients on second-line ART

Subjects with known chronic systemic diseases (e.g.,
diabetes mellitus, hypertension, tuberculosis, or chronic
liver disease)

Study sample Size

The sample size of 200 (100 per group) was determined
based on previous comparative studies evaluating trace
element alterations in HIV-infected individuals [4,9].
Assuming an expected difference in serum zinc levels of 20
pg/dL between groups, a standard deviation of 40 pg/dL, 95%
confidence level (o = 0.05), and 80% power (§ = 0.20), the
minimum required sample size was calculated as 90 per
group using the formula:
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n=(Zi-g-)? x 202/ d?

where ¢ = standard deviation, d = expected mean difference.
Accounting for 10% non-response, a final sample size of
100 participants per group was chosen.

Bias and Efforts to Minimize It

To minimize selection bias, all eligible participants
attending the ART and ICTC centers during the study period
were recruited consecutively. Measurement bias was
reduced by using standardized operating procedures and
calibrating all instruments before use. Information bias was
limited by blinding the laboratory technicians to participants’
ART status during biochemical estimations. Data entry was
double-checked to ensure accuracy.

Sample Collection and Biochemical
Estimation

Fasting venous blood (5 mL) was collected under aseptic
precautions. Plasma and serum were separated immediately.

Plasma glucose: Glucose oxidase—peroxidase method

Serum insulin: Enzyme-linked immunosorbent assay
(ELISA)

Lipid profile: Total cholesterol, HDL, LDL, and
triglycerides estimated using an automated analyzer

Serum ceruloplasmin and metallothionein: ELISA
method

Serum copper and zinc: Atomic  absorption
spectrophotometry

Statistical Analysis

Data were analyzed using IBM SPSS (latest version).
Continuous variables were expressed as mean + standard
deviation (SD). Intergroup comparisons were performed
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using the unpaired Student’s t-test. Pearson correlation
analysis was applied to assess relationships between
biochemical variables. A p-value < 0.05 was considered
statistically significant.

Ethical Consideration

The study protocol was reviewed and approved by the
Institutional Ethics Committee for Human Studies,
Konaseema Institute of Medical Sciences and Research
Foundation, Amalapuram. Written informed consent was
obtained from all participants before enrolment.
Confidentiality and anonymity of participants were strictly
maintained throughout the study in accordance with the
Declaration of Helsinki.

Results

During the twelve-month study period, a total of 236
individuals with confirmed HIV infection attended the
Antiretroviral Therapy (ART) Centre and Integrated
Counselling and Testing Centre (ICTC) at KIMS & RF,
Amalapuram. Of these, 218 were examined for eligibility
based on inclusion and exclusion criteria. Eighteen
individuals were excluded, 7 due to advanced opportunistic
infections, 5 with chronic systemic diseases (diabetes
mellitus, hypertension, or tuberculosis), 3 who were on
second-line ART, and 3 who declined participation.

Thus, 200 participants were confirmed eligible and enrolled
in the study, comprising 100 ART-HIV subjects and 100
non-ART-HIV subjects. All enrolled participants completed
the study procedures and laboratory investigations; there
were no dropouts or missing data, and all 200 were included
in the final analysis (Figure 1).
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ART Centre & ICTC at KIMS & RF,
Amalapuram
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Figure 1: Participant Flow Diagram
Physical Characteristics of the Study Similarly, systolic and diastolic blood pressures did not
Population differ significantly between groups (p > 0.05). However,

The baseline physical parameters of the study groups are
presented in Table 1. The mean age of participants was
comparable between ART-HIV-infected subjects (54.4 +
4.3 years) and non-ART-HIV-infected subjects (56.6 + 8.1
years), with no statistically significant difference (p > 0.05).

body mass index (BMI) was significantly higher among
ART-HIV-infected subjects (31.4 + 2.7 kg/m?) compared to
non-ART-HIV—-infected subjects (27.4 + 2.8 kg/m%, p <
0.0001), indicating a marked difference in nutritional and
metabolic status between the two groups (Table 1).

Table 1. Physical parameters of ART-HIV and non-ART-HIV infected subjects

. ART-HIV subjects | Non-ART-HIV subjects
Variable (n=100) J (n=100) ) p-value
Age (years) 54.4+4.3 56.6 + 8.1 >0.05
BMI (kg/m?) 31.4+£27 274+28 <0.0001
Systolic BP (mmHg) 148 +4.1 151.1+7.2 >0.05
Diastolic BP (mmHg) 89.2+29 91.9+4.2 >0.05

Lipid Profile

The lipid parameters are summarized in Table 2. A
significant reduction in total cholesterol was observed in
ART-HIV-infected subjects (156.7 + 48.1 mg/dL)
compared with the non-ART-HIV group (168.5 + 8.3 mg/dL;
p < 0.0165). High-density lipoprotein cholesterol (HDL)
was notably higher in the ART-HIV group (45.1 + 6.1
mg/dL) relative to the non-ART-HIV group (28.3 £ 2.6

mg/dL; p < 0.0001). Conversely, low-density lipoprotein
cholesterol (LDL) levels were significantly lower in ART-
HIV subjects (135.1 + 41.4 mg/dL) than in non-ART-HIV
individuals (149.8 = 51.4 mg/dL; p = 0.0271). Serum
triacylglycerol concentrations showed no statistically
significant difference between the two groups (p > 0.05).
These findings suggest that ART is associated with
favorable modulation of HDL and LDL levels (Table 2).
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Table 2. Lipid profile of study groups

Variable ART-HIV subjects | Non-ART-HIV subjects p-value
(n=100) (n=100)

(Trg;a/'dL) cholesterol | 1567+ 4g.1 168.5+ 8.3 <0.0165

Triacylglycerols (mg/dL) | 174.8 £ 14.3 178.5+24.3 >0.05

HDL (mg/dL) 451+6.1 28.3+2.6 <0.0001

LDL (mg/dL) 135.1+414 149.8+514 0.0271

Glycaemic Parameters

As shown in Table 3, fasting blood sugar (FBS) was
significantly lower in ART-HIV subjects (102 = 22.1 mg/dL)
compared to non-ART-HIV subjects (141 £+ 13.2 mg/dL; p
< 0.001). Insulin levels were similar across both groups
(19.4 £ 11.3 pg/mL vs. 20.2 £ 12.1 pg/mL; p > 0.05). The

homeostatic model assessment of insulin resistance
(HOMA-IR) demonstrated a modest but statistically
significant difference between ART-HIV (15.9 £ 2.5) and
non-ART-HIV subjects (17.1 £ 4.1; p = 0.0133), indicating
relatively better glycaemic control in the ART-treated group
(Table 3).

Table 3. Glycaemic parameters in study groups
Variable ART-HIV subjects | Non-ART-HIV subjects p-value
(n=100) (n=100)
Fasting ~ blood  sugar | 14, 5 141+13.2 <0.001
(mg/dL)
Insulin (pg/mL) 19.4+113 202+12.1 >0.05
HOMA-IR 159+25 171+£41 0.0133

Trace Elements and Biomarkers

The comparison of trace element and biomarker levels is
detailed in Table 4. ART-HIV subjects exhibited
significantly lower serum zinc concentrations (70.5 + 34.9
pg/dL) than non-ART-HIV individuals (121.5 + 49.5 pg/dL;
p < 0.0001). In contrast, serum copper (152.8 + 22.9 pg/dL

vs. 128.7 £+ 30.5 pg/dL; p < 0.05), ceruloplasmin (64.8 5.3
mg/dL vs. 42.1 +6.9 mg/dL; p < 0.001), and metallothionein
(72.3 £ 9.7 ng/mL vs. 58.8 + 10.7 ng/mL; p < 0.001) were
all significantly elevated in the ART-HIV group compared
with non-ART-HIV subjects. These alterations indicate
profound ART-related shifts in trace metal homeostasis and
associated biomarkers (Table 4).

Table 4. Trace element and biomarker levels

Variable ART-HIV subjects | Non-ART-HIV subjects p-value
(n=100) (n=100)

Serum zinc (ug/dL) 70.5+34.9 121.5+49.5 <0.0001

Serum copper (ug/dL) 152.8 +22.9 128.7 +30.5 <0.05

Ceruloplasmin (mg/dL) | 64.8+5.3 42.1+£6.9 <0.001

Metallothionein (ng/mL) | 72.3+9.7 58.8 + 10.7 <0.001

Discussion

The present study compared physical, biochemical, and
trace element parameters between ART-HIV-infected and
non-ART-HIV-infected individuals. The findings
demonstrate significant variations in nutritional status, lipid
metabolism, glycaemic regulation, and trace element

balance, reflecting the multifactorial metabolic influence of
HIV infection and antiretroviral therapy (ART).

Physical Parameters

Although age and blood pressure were comparable between
groups, body mass index (BMI) was markedly higher among
ART-treated individuals. This observation is consistent with
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prior evidence showing that ART initiation promotes
immune recovery, appetite restoration, and reduction of
catabolic stress, leading to weight gain [6]. However, excess
weight gain, particularly in those on integrase inhibitor—
based regimens, has been linked to metabolic syndrome and
cardiovascular complications [7].

Lipid Profile

The study revealed significantly higher HDL and lower LDL
concentrations among ART-treated individuals, while
untreated participants exhibited more atherogenic lipid
patterns. These findings are consistent with multicentric
analyses indicating that tenofovir-based regimens may
improve HDL fractions but that long-term ART, depending
on drug class and duration, can still cause dyslipidemia [8].
Protease inhibitor-based regimens, in contrast, are
associated with increased triglycerides and atherogenic lipid
changes [8]. Hence, continuous lipid monitoring remains
essential in all individuals receiving ART [9].

Glycaemic Parameters

Fasting blood sugar levels were significantly lower among
ART-HIV subjects compared with untreated patients,
though HOMA-IR values remained elevated in both groups.
This suggests that ART partially mitigates hyperglycemia
through viral suppression and reduction of inflammation,
yet insulin resistance persists due to mitochondrial
dysfunction and altered adipokine signaling [9,10]. These
findings emphasize the need for routine metabolic screening
and early lifestyle or pharmacologic interventions in HIV
care.

Trace Elements and Biomarkers

The most prominent differences were observed in trace
element and biomarker profiles. ART-HIV subjects
exhibited significantly reduced serum zinc and elevated
copper, ceruloplasmin, and metallothionein levels. These
results corroborate existing literature showing that HIV
infection and ART disrupt trace element homeostasis by
promoting oxidative stress and cytokine-mediated
inflammatory responses [10]. Zinc deficiency impairs
immune regulation, while increased copper and
ceruloplasmin levels reflect acute-phase inflammation and
oxidative burden [11]. Elevated metallothionein
concentrations further indicate adaptive responses to redox
imbalance and altered zinc—copper dynamics [11].

The positive correlation between copper and ceruloplasmin,
along with the inverse association between zinc and

4 S
{hex .
Wowse ’

Alracw

Student’s Journal of Health Research Africa
e-ISSN: 2709-9997, p-ISSN: 3006-1059

Vol.6 No. 9(2025): September 2025 Issue
https://doi.org/10.51168/sjhrafrica.v6i9.2146

Original Article
ceruloplasmin, is biologically plausible and consistent with
reports in other chronic infections, suggesting a
compensatory antioxidant mechanism against free-radical—
induced cellular injury [12].

Clinical Relevance

Overall, these findings indicate that while ART confers
partial metabolic benefits by improving lipid and glycaemic
indices, it does not fully normalize and may exacerbate trace
element imbalances. Persistent zinc deficiency and copper
excess can impair immune recovery, elevate oxidative stress,
and increase the risk of cardiometabolic disorders [12].
Integrating nutritional surveillance, zinc repletion, and
antioxidant supplementation into ART follow-up protocols
may enhance overall treatment outcomes and quality of life
for individuals living with HIV.

Generalizability

The findings of this study provide important insights into
trace element alterations, lipid metabolism, and glycaemic
regulation in HIV-infected individuals, with and without
ART. However, as the study was conducted at a single
tertiary care center in South India with a modest sample size,
results may not be universally applicable. Variations in
dietary practices, ART regimens, genetic background, and
healthcare access could influence outcomes across different
populations. Nonetheless, the observed trends are consistent
with global evidence, supporting external validity. Larger,
multicentric, and longitudinal studies are warranted to
enhance generalizability and to establish standardized
nutritional monitoring protocols in HIV care.

Conclusion

This study demonstrates that HIV infection and
antiretroviral therapy significantly influence nutritional and
biochemical profiles. While ART was associated with
improved BMI, favorable lipid modulation, and lower
fasting glucose, persistent insulin resistance was evident.
Importantly, ART-HIV subjects exhibited reduced serum
zinc alongside elevated copper, ceruloplasmin, and
metallothionein, reflecting disrupted trace element
homeostasis and heightened oxidative stress. These findings
suggest that, despite the therapeutic benefits of ART,
micronutrient imbalance may predispose to long-term
metabolic and immunological complications. Routine
monitoring of trace elements, coupled with zinc
supplementation and dietary interventions, could be
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valuable adjuncts in optimizing care and preventing
complications in HIV-infected patients.

Limitations

This study was limited by its cross-sectional design, which
restricts causal inference, and by the lack of detailed dietary
assessment or ART regimen stratification. Larger,
multicentric, and longitudinal studies are warranted to
validate these associations and clarify causal pathways.

Recommendations

Based on the findings, it is recommended that routine
monitoring of trace elements, particularly zinc and copper,
should be integrated into HIV care alongside standard
biochemical assessments. Nutritional counseling with
emphasis on balanced diets and targeted supplementation,
especially zinc, may help mitigate micronutrient
deficiencies and improve immune resilience. Periodic
screening for lipid and glycaemic alterations is essential to
detect early metabolic derangements associated with HIV
and ART. Multicentric, longitudinal studies are warranted to
validate these observations and formulate evidence-based
guidelines. Incorporating trace element evaluation into HIV
management could optimize long-term outcomes and reduce
secondary complications.
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