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Abstract

The pathological consequences of inflammation persist in people living with the human immunodeficiency virus
(PLWH), regardless of the positive outcomes of highly active antiretroviral therapy (HAART). The current systematic
review and meta-analysis aims to understand and explore the levels of high-sensitivity C-reactive protein (hs-CRP)
and other cardiovascular disease (CVD)-risk factors including lipid profiles among PLWH on HAART. Major electronic
databases including PubMed, Scopus, and Web of Science were searched to retrieve relevant global literature report-
ing on hs-CRP levels in PLWH on HAART. A total of twenty-two studies with an average participant age of 40 years
were eligible for this systematic review and meta-analysis. Majority of the included studies were from Africa (n=11),
the United States (n=6), and Europe (n=5). Our systemic review showed that most studies reported increased levels
of hs-CRP among PLWH on HAART when compared to controls (PLWH not on HAART or those without HIV), especially
in studies from Africa. This was supported by a meta-analysis showing significantly elevated levels of hs-CRP in PLWH
on HAART when compared to PLWH not on HAART (standardised mean difference [SMD]=0.56; 95% CI=0.10-1.01,
z=241; p=0.02) or those without HIV (SMD=1.19; 95% Cl=0.76-1.63, z=5.35; p<0.001). Where lipid profiles,

as a major predictor for CVD risk, were also impaired in PLWH on HAART when compared to PLWH not on HAART
and HIV-negative participants. In conclusion, elevated levels of hs-CRP and lipid levels are prevalent in PLWH

on HAART, this may increase the risk of CVD complications, especially for those people living in Africa. However, more
evidence in larger population studies is required to confirm these outcomes and unveil any possible clinical implica-
tions of HAART-induced modulation of hs-CRP levels in PLWH.
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Introduction

The human immunodeficiency virus (HIV) is a persis-
tent public health problem that currently affects approxi-
mately 36.9 million individuals worldwide [1]. This
pandemic has grave economic implications, especially
in high-prevalence regions such as sub-Saharan Africa
(SSA) [2]. Sub-Saharan Africa remains the epicentre for
the HIV pandemic, accounting for more than 70% of the
global infected population [3]. However, the availabil-
ity of highly-active antiretroviral therapy (HAART) has
been widely acknowledged for its effectiveness in sig-
nificantly improving life expectancy and quality of life
among people living with HIV (PLWH) [4-6]. Despite
these improvements, prolonged use of HAART has been
associated with other comorbidities (diabetes mellitus,
hypertension, and dyslipidemia) that may lead to the
development of cardiovascular diseases (CVDs) [7, 8].
Noteworthy, PLWH on long-term HAART are predicted
to be two times more likely to develop CVDs compared
to those without this condition [9], whilst the propor-
tion of deaths attributed to CVDs in PLWH on HAART
has doubled in the last decade [6, 8]. This knowledge has
shifted the focus of care for PLWH, and it now calls for
a better understanding of the disease pathophysiology,
which makes it necessary to devise new intervention
strategies to combat CVD-related complications.

Traditional risk factors and comorbidities such as dia-
betes mellitus, hypertension, and dyslipidemia are known
to be associated with the development and progression of
CVDs [10, 11]. These factors are often accompanied by
inflammation, a pathological hallmark for HIV infection
and CVDs [12]. Although inflammation is necessary for
an adequate immune response, a dynamic balance must
be achieved between pro- and anti-inflammatory factors
in order to suppress infection and minimize any meta-
bolic complications [13, 14]. Beyond their involvement in
driving undesired immune activation [15], the most com-
monly studied pro-inflammatory markers with regard
to the pathogenesis of HIV and CVD include interleu-
kin 6 (IL-6), tumor necrosis factor (TNF-«), and high-
sensitivity C-reactive protein (hs-CRP). These markers
are, in part, associated with the extended use of HAART
[16, 17]. Having previously been considered a traditional
marker of infection and cardiovascular events [18], hs-
CRP is now acknowledged for its role in the underlying
inflammatory processes. This includes its activation of
other pro-inflammatory cytokines such IL-6 and TNF-a
[19].

As such, persistently elevated levels of hs-CRP are
deemed to be among the reliable predictors of CVDs in
PLWH on HAART [20-25]. However, other research-
ers have not seen this effect in PLWH on HAART
[26, 27]. Several factors can contribute to the negative
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association in PLWH, including high lipid profiles, eth-
nicity, geographical location, and duration of treatment
with HAART [24, 26]. Besides updating the status of clin-
ical evidence on the role of this pro-inflammatory marker
in PLWH, it remains essential to establish or generate
data to evaluate whether hs-CRP levels may be a reliable
biomarker to predict CVD risk in PLWH on HAART.
Perhaps highlighting the significance of the current sys-
tematic review and meta-analysis to assess the levels
of hs-CRP in relation to the manifestation of CVDs in
PLWH on HAART.

Methods

Search strategy

A complete global literature search for publications dat-
ing from 1996 (after the introduction of HAART [28])
until August 2023 was conducted using medical subject
headings (MeSH) including “C-reactive protein’, “CRP’,
“cardiovascular disease”, “CVD’, “human immunodefi-
ciency virus’, “HIV”, “inflammation’, “ART”, “antiretroviral
therapy” and “highly active antiretroviral therapy” follow-
ing the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) 2020 guidelines [29]. The
search strategy that was applied is attached as Table
S1. The search was done thoroughly by two independ-
ent investigators (SEM and KM). Databases searched
included PubMed, Scopus, and Web of Science to iden-
tify all relevant articles. A manual search on Google
Scholar was also done to identify any extra studies and to
identify grey literature, especially data from conference
proceedings. The meta-analysis was not registered with
the Prospective Register of Systematic Reviews (PROS-
PERO), however caution was taken not to duplicate any
existing systematic review and meta-analysis on hs-CRP.

Inclusion criteria and data extraction

Studies were included if they met the following criteria:
(a) observational studies and clinical trials; (b) evaluated
the modulation of the inflammatory marker hs-CRP in
PLWH on HAART. Studies were excluded if (a) they were
conducted before the introduction of HAART (1996), (b)
they were nonhuman studies or (c) reviews. The current
review and meta-analysis applied the following PECO
(population, exposure, control, and outcomes):

Participants: PLWH on HAART.
Exposure: PLWH receiving any form of HAART regi-

men.
Control: PLWH not on HAART and HIV-negative
participants.

Outcome: Hs-CRP levels and CVD-related out-

comes.
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Data extraction

The extracted data was independently and carefully
assessed for compliance with the inclusion or exclu-
sion criteria by three authors who resolved disagree-
ments by consensus. The following information was
extracted from each study: the first author, publication
year, country, ethnicity, sample size, mean age, treat-
ment duration, and key findings. Language restrictions
were not applied during the search, however, studies
conducted in other languages that could not be trans-
lated into English were excluded. The American Heart
Association and Centre for Disease Control classifica-
tion of cardiovascular risk according to hs-CRP level
were used. For example, a hs-CRP level of > 3mg/L rep-
resents a high risk, 1-3mg/L intermediate risk, and<1
mg/L low risk for CVD in humans [25, 30].

Quality assessment

For studies incorporated in the current systematic
review and meta-analysis, the quality of evidence and
risk of bias assessment was evaluated using the modi-
fied Downs and Black checklist, which rates studies out
of 27 questions [31]. The Downs and Black checklist
assesses five domains to determine the quality of the
study, this includes: reporting bias, external validity,
internal validity, selection bias, and power. The qual-
ity of evidence and risk of bias was based on evidence
reported in the full-text article deemed eligible for
inclusion in this systematic review and meta-analysis.
Two independent investigators assessed the quality of
evidence and the risk of bias for the eligible studies.
Disagreements among investigators were resolved by
consulting a third independent investigator.

Statistical analysis

The effect size for continuous data across all outcomes
was determined by calculating the mean, standard devi-
ation (SD), and sample size for each study. In instances
where the included study only reported the mean, the
SD was computed using the interquartile range (IQR)
[32]. The meta-analysis results are presented as forest
plots for all outcome measures, and the pooled Stand-
ard Mean Difference (SMD) was calculated using the
random effects model meta-analysis. Statistical analy-
sis considered 1*<25%, 25-75%, and>75% for mini-
mal, moderate, and extreme heterogeneity, respectively
[33]. All analyses were performed using Review Man-
ager version 5.4.1 (The Nordic Cochrane Centre, The
Cochrane Collaboration, 2020).
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Results

Characteristics of included studies

Our systematic search strategy identified a total of 1337
relevant records (Fig. 1). However, the final screening
process yielded 22 eligible publications, that reported
on hs-CRP levels in PLWH on HAART. In terms of
region, most included studies were from Africa (n=11),
followed by the United States (n=6), whilst the remain-
ing literature was from Europe (n=5). Included studies
were published between the years 2004 to 2020, with
the included participants having an average of 40 years.
Included studies contained varied sample sizes for
PLWH on HAART, ranging from the highest (n=170)
monitored for 9 months [34], and the smallest number
of PLWH on HAART (7 =19) monitored for 24 months
[35]. The majority of studies in the review used blood
serum samples (n=16) rather than plasma (n=6) to
analyze the hs-CRP levels.

Qualitative analysis of included literature

The included studies were predominantly from the
African continent, especially countries from sub-Saha-
ran Africa. Furthermore, most of the studies (n=11)
showed that serum levels of hs-CRP were significantly
elevated in PLWH on HAART (Table 1). Some of these
studies indicated that hs-CRP may occur concurrently
with other CVD-related complications as elevated lev-
els of this pro-inflammatory maker were consistent
with increased systolic blood pressure and abnormal
lipid profiles [26, 36]. Increased systolic blood pressure
[36] and abnormal lipid profiles, including elevated lev-
els of total cholesterol (TC), low-density lipoprotein
(LDL)-c, and triglycerides are well-established indica-
tors of CVD-risk [37, 38]. It was interesting to see that
waist circumference [39], and other pro-inflammatory
markers such as tumor necrosis factor (TNF)-a were
persistently high in PLWH on HAART [40], in studies
based in Africa. In fact, it was interesting to observe
that hs-CRP levels remained persistently high in PLWH
taking the preferred first-line HAART regimen (Stavu-
dine: d4T, Lamivudine: 3TC, and Efavirenz: EFZ) [41]
regardless of study duration. This likely indicates that
immune activation and inflammation persist in PLWH
regardless of viral suppression, as previously discussed
[42]. Also disputing the fact that ethnicity and environ-
mental factors could play a major role in driving these
pathological features, as some studies from the United
States (n=6) and Europe (n=5) showed conflicting
results in terms of hs-CRP levels and coronary heart
disease (CHD) outcomes in PLWH on HAART when
compared to those from Africa.
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Records identified through
database searching
(n=1337)
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Additional records identified

through other sources (n =
11)

Records after duplicates removed (n = 980)

v

\4

Records excluded due to:

Not relevant to the topic (n = 298)
Reviews (n = 352)

Records selected for
detailed screening (n = 330)

v

v

Articles excluded due to:

Not reporting on HIV and CVD (n =
251)

Full-text articles assessed

for eligibility (n = 79)

I >
s >

Studies included in the

Articles excluded due to:

(n=44)

No well-defined controls (n = 13)
Not reporting on HAART and CRP

systemic review (n = 22)

v

Articles excluded due to:

Not reporting mean, IQR, SEM, or SD
(n=10)

Studies included in the meta-analysis (n = 12)

Fig. 1 The flow diagram presents study selection. Briefly, the preliminary search of major electronic databases identified a total of 1009 articles,
however only 22 of those were included in the qualitative analysis, and 12 in the meta-analysis

Quantitative analysis of included literature

Circulating levels of hs-CRP in PLWH on HAART in comparison
to PLWH not on HAART

Firstly, we analyzed the levels of hs-CRP in PLWH on
HAART versus PLWH not on HAART (Fig. 2). The
quantitative (pooled) analysis of twelve included studies
showed that hs-CRP levels were significantly increased
in PLWH on HAART when compared to PLWH not
on HAART (SMD=0.56; 95% CI=0.10 -1.01, z=2.41;
p=0.02). The subgroup analysis, based on the region
where the study was performed, revealed no asso-
ciation; however, elevated levels of hs-CRP favoured
studies from Africa (SMD =0.80; 95% CI=-0.01- 1.61,
z=1.93; p=0.05), Europe (SMD=0.27; 95% CI=-0.25
- 0.80, z=1.03; p=0.31) and the United States
(SMD =0.34; 95% CI=-0.00 - 0.68, z=1.93; p=0.05).
However, the tests for subgroup differences showed no
statistically significant differences (p=0.54) with 0%
of heterogeneity (Fig. 2). Suggesting that geographical
region does not influence hs-CRP levels in PLWH on
HAART versus PLWH not on HAART.

Circulating levels of hs-CRP in PLWH on HAART in comparison
to individuals without HIV

The second aim of this meta-analysis, utilizing pooled
data, was to evaluate whether HAART treatment affects
hs-CRP levels in PLWH when compared to uninfected
individuals (Fig. 3). The quantitative (pooled) analy-
sis of eight included studies showed that hs-CRP lev-
els were significantly increased in PLWH on HAART,
in comparison to individuals without HIV (SMD =1.19;
95% CI=0.76 - 1.63, z=5.35; p<0.001). The performed
subgroup analysis showed no statistical significance
between subgroups (p=0.57) with 0% heterogeneity.
Suggesting that geographical region does not influence
hs-CRP levels in PLWH on HAART versus HIV-nega-
tive control. However, there was a significant increase
in hs-CRP levels in PLWH on HAART when compared
to negative controls in studies from Africa (SMD=1.31;
95% CI=0.55 - 2.07, z=3.38; p=0.0007), Europe
(SMD=1.37; 95% CI=0.76 - 1.98, z=4.39; p<0.0001)
and United States (SMD=0.98; 95% CI=0.52 - 1.45,
z=4.13; p<0.001).
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HIV+ on HAART HIV+ not on HAART Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD  Total Weight IV, Random, 95% CI Year IV, Random, 95% CI

1.1.1 Africa

Mutevedzi et al, 2013 4.2 04 108 43 0.7 109  8.7% -0.17 [-0.44, 0.09] 2013 T

Botha et al, 2014 4.1 0.5 66 33 0.3 71 8.3% 1.95[1.54,2.36] 2014 -

Fourie et al, 2015 4.12 11.2 66 33 6.3 78  85% 0.09 [-0.24, 0.42] 2015 T

Gleason et al, 2015 8.1 24 91 3.6 3.3 51 8.4% 1.62[1.23, 2.02] 2015 -

Muswe et al, 2017 3.8 1.1 124 2 0.7 28 8.2% 1.72[1.27,2.18] 2017 -

Appiah et al, 2020 1.7 0.6 156 2.03 1.3 131 8.7% -0.33 [-0.57, -0.10] 2020 -

Subtotal (95% CI) 611 468 50.7% 0.80 [-0.01, 1.61] oot —

Heterogeneity: Tau? = 1.00; Chi? = 183.99, df = 5 (P < 0.00001); I = 97%

Test for overall effect: Z = 1.93 (P = 0.05)

1.1.2 Europe

Goedel et al, 2019 0.3 0.1 48 0.1 0.6 28 8.1% 0.53 [0.06, 1.01] 2019 -

Di Yacovo et al, 2020 1.25 0.7075 31 1.25 0.4225 30 8.0% 0.00 [-0.50, 0.50] 2020 - 1

Subtotal (95% CI) 79 58 16.2% 0.27 [-0.25, 0.80] ~ i

Heterogeneity: Tau? = 0.08; Chi? = 2.29, df =1 (P = 0.13); 1> = 56%

Test for overall effect: Z=1.03 (P = 0.31)

1.1.3 America

Hurwitz et al, 2004 7.5 12.2 41 7.8 16 41 8.2% -0.02 [-0.45, 0.41] 2004 -1

Hileman et al, 2012 1.9 1 36 1.3 0.5 62 8.3% 0.82[0.40, 1.25] 2012 -

Desvarieux et al, 2013 4.1 11.2 50 21 0.9 50 8.4% 0.25[-0.14, 0.64] 2013 T

Syed et al, 2013 1.3 11 67 1 0.8 30 8.2% 0.29 [-0.14, 0.73] 2013 0T

Subtotal (95% CI) 194 183 33.1% 0.34 [-0.00, 0.68] 0

Heterogeneity: Tau? = 0.07; Chi? = 7.82, df = 3 (P = 0.05); I> = 62%

Test for overall effect: Z = 1.93 (P = 0.05)

Total (95% ClI) 884 709 100.0% 0.56 [0.10, 1.01] ’

Heterogeneity: Tau? = 0.60; Chi? = 194.51, df = 11 (P < 0.00001); 1> = 94%
Test for overall effect: Z = 2.41 (P = 0.02)
Test for subgroup differences: Chi? = 1.25, df =2 (P = 0.54), I?= 0%

2 2
H

-1
IV+ not on HAART HIV+ on HAART

Fig. 2 A forest plot showing outcomes of a meta-analysis for high sensitivity C-reactive protein (hs-CRP) levels in people living with the human
immunodeficiency virus (PLWH) on highly active antiretroviral therapy (HAART), compared to PLWH not on HAART. Green squares represent
the weight of each study in the average effect size. Horizontal lines across green squares represent the 95% confidence intervals for the point

estimate. The diamonds represent the weighted average point estimate

Circulating levels of hs-CRP in PLWH not on HAART

in comparison to individuals without HIV

The third objective of this meta-analysis of pooled data
was to assess whether HIV infection increases the lev-
els of hs-CRP in PLWH not on HAART when compared
with uninfected individuals (Fig. 4). The overall analysis
showed that hs-CRP levels were significantly increased
in PLWH not on HAART, in comparison to individu-
als without HIV (SMD=0.85; 95% CI=0.45-1.26,
z=4.11; p<0.0001). There was a significant association
between PLWH not on HAART and elevated levels of
hs-CRP in studies conducted in Africa (SMD =0.66; 95%
C1=0.05-1.28, z=2.11; p=0.03), Europe (SMD=2.23;
95% CI=1.52-2.93, z=6.17; p<0.0001) and the United
States (SMD=0.75; 95% CI=0.40-1.11, z=4.16;
p<0.0001).

Lipid profiles in PLWH on HAART in comparison to PLWH

not on HAART

We conducted an analysis of lipid profile levels, encom-
passing of HDL-c, LDL-c, total cholesterol, and triglyc-
erides, in PLWH on HAART in comparison to PLWH
not on HAART (Fig. 5). Specific analyses revealed a non-
significant effect on HDL-c¢ (SMD=0.22; 95% CI=-0.29

- 0.74, z=0.84; p=0.40), but significantly increased
LDL-¢c (SMD=1.32; 95% CI=0.57 - 2.08, z=3.44;
p=0.0006), total cholesterol (SMD =1.34; 95% CI=0.21 -
2.48,2=2.32; p=0.02), and triglyceride (SMD =1.25; 95%
CI=0.55—1.96 z=3.48; p<0.0005) levels in PLWH on
HAART compared to PLWH not on HAART. Notably,
there was a substantial level of heterogeneity, exceeding
95%, in these lipid profiles.

Lipid profiles in PLWH on HAART in comparison to individuals
without HIV

Lipid profiles including levels of HDL-c, LDL-c, total
cholesterol, and triglycerides, were also analyzed in
PLWH on HAART when compared to HIV-negative con-
trols (Fig. 6). The specific analysis of lipid profiles show-
ing that HDL-c was significantly reduced (SMD =-1.30;
95% CI=-2.07 - 0.54, z=3.33; p<0.0009) while LDL-c
(SMD=1.03; 95% CI=0.04 - 2.02, z=2.05; p<0.04) total
cholesterol (SMD=0.51; 95% CI=0.16 - 0.87, z=2.84;
p<0.005) and triglycerides (SMD=1.52; 95% CI=0.42
- 2.62, z=2.72; p<0.007) were significantly increased in
PLWH on HAART in comparison to HIV-negative con-
trols (Fig. 6). It is worth mentioning that these studies
showed a substantial level of heterogeneity (I>=96%).
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HIV+ on HAART HIV- Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
1.1.1 Africa
Mutevedzi et al, 2013 4.2 04 108 3.7 03 161 13.2% 1.45[1.18,1.72] 2013 -
Fourie et al, 2015 412 112 66 29 45 165 13.1% 0.17 [-0.11, 0.46] 2015 ™
Gleason et al, 2015 8.1 24 91 3.1 13 36 11.9% 2.31[1.83,2.79] 2015 -
Appiah et al, 2020 1.7 06 156 1 04 147 133% 1.36 [1.11,1.61] 2020 -
Subtotal (95% CI) 421 509 51.5% 1.31 [0.55, 2.07] el

Heterogeneity: Tau? = 0.57; Chi?2 = 74.69, df = 3 (P < 0.00001); I> = 96%
Test for overall effect: Z = 3.38 (P = 0.0007)

1.1.2 Europe
Di Yacovo et al, 2020 125 07 31 05 01 22 109% 1.37[0.76, 1.98] 2020 —_—
Subtotal (95% CI) 31 22 10.9% 1.37 [0.76, 1.98] e

Heterogeneity: Not applicable
Test for overall effect: Z = 4.39 (P < 0.0001)

1.1.3 America

Hurwitz et al, 2004 75 122 41 18 27 82 125% 0.77[0.38, 1.16] 2004 —_—
Desvarieux et al, 2013 27 12 50 12 07 50 12.1% 1.52[1.07, 1.96] 2013 —
Syed et al, 2013 13 11 67 07 05 81 12.9% 0.72[0.39, 1.06] 2013 —
Subtotal (95% Cl) 158 213 37.5% 0.98 [0.52, 1.45] -

Heterogeneity: Tau?=0.13; Chi?=8.74, df =2 (P =0.01); P =77%
Test for overall effect: Z = 4.13 (P < 0.0001)

Total (95% Cl) 610 744 100.0% 1.19 [0.76, 1.63] -
Heterogeneity: Tau? = 0.36; Chi? = 87.08, df = 7 (P < 0.00001); 12 = 92% 2 1 0 1 2
Test for overall effect: Z = 5.35 (P < 0.00001) HIV- HIV+ on HAART
Test for subgroup differences: Chiz = 1.13, df =2 (P = 0.57), 2= 0%
Fig. 3 A forest plot showing outcomes of a meta-analysis for high sensitivity C-reactive protein (hs-CRP) levels in people living with the human
immunodeficiency virus (PLWH) on high active antiretroviral therapy (HAART), compared to HIV-negative controls. Green squares represent
the weight of each study in the average effect size. Horizontal lines across green squares represent the 95% confidence intervals for the point
estimate. The diamonds represent the weighted average point estimate

HIV+ not on HAART HIV- Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
1.1.1 Africa
Appiah et al, 2020 2.03 1.3467 131 1 0.3817 147 13.5% 1.06 [0.81, 1.32] -
Fourie et al, 2015 3.31 6.3383 78 296 451 165 13.4% 0.07 [-0.20, 0.34] T
Gleason et al, 2015 36 3.275 51 3.1 1275 36 12.3% 0.19[-0.24, 0.62] T
Mutevedzi et al, 2013 43 0.65 109 3.7 0.2667 161 13.4% 1.30 [1.03, 1.56] -
Subtotal (95% CI) 369 509 52.7% 0.66 [0.05, 1.28] -~
Heterogeneity: Tau? = 0.37; Chi? = 53.43, df = 3 (P < 0.00001); I = 94%
Test for overall effect: Z=2.11 (P = 0.03)
1.1.2 Europe
Di Yacovo et al, 2020 1.25 0.4225 30 0.5 0.125 22 10.0% 2.23[1.52,2.93] -
Subtotal (95% CI) 30 22 10.0% 2.23 [1.52, 2.93] ~al—
Heterogeneity: Not applicable
Test for overall effect: Z=6.17 (P < 0.00001)
1.1.3 America
Desvarieux et al, 2013 21 0.9 50 1.2 0.675 50 12.4% 1.1210.70, 1.55] -
Hurwitz et al, 2004 7.8 16 41 1.8 272 82 12.7% 0.63[0.25, 1.01] -
Syed et al, 2013 1 0775 30 0.7 0.4833 81 12.3% 0.52[0.09, 0.94] -
Subtotal (95% CI) 121 213 37.4% 0.75[0.40, 1.11] L 2
Heterogeneity: Tau? = 0.05; Chi? = 4.51, df =2 (P = 0.10); I* = 56%
Test for overall effect: Z = 4.16 (P < 0.0001)
Total (95% ClI) 520 744 100.0% 0.85 [0.45, 1.26] e 2
Heterogeneity: Tau? = 0.30; Chi? = 74.13, df =7 (P < 0.00001); I?=91% _’2 ’1 0 1’ é

Test for overall effect: Z=4.11 (P < 0.0001)

Test for subgroup differences: Chi? = 14.49, df = 2 (P = 0.0007), |2 = 86.2%
Fig. 4 A forest plot shows meta-analysis outcomes for high sensitive C-reactive protein (hs-CRP) levels in people living with the human
immunodeficiency virus (PLWH) not on highly active antiretroviral therapy (HAART), compared to HIV-negative controls. Green squares represent
the weight of each study in the average effect size. Horizontal lines across green squares represent the 95% confidence intervals for the point
estimate. The diamonds represent the weighted average point estimate

HIV- HIV+ not on HAART
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HIV+ on HAART HIV+ not on HAART Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD_Total Mean SD__ Total Weight 1V, Random, 95% Cl Year IV, Random, 95% CI

1.2.1 HDL-c

Hurwitz et al, 2004 432 23 41 46.5 21 41 3.2% -1.48 [-1.98, -0.99] 2004 -

Hileman et al, 2012 405 275 36 435 4.75 62 3.2% -0.72 [-1.14,-0.30] 2012 -

Syed et al, 2013 411 10 67 45.2 12.7 30 3.2% -0.37 [-0.81, 0.06] 2013 ~

Desvarieux et al, 2013 1.1 0.1 50 1.07 0.1 50 3.3% 0.30[-0.10, 0.69] 2013 I

Botha et al, 2014 1.3 0.1 66 1.2 0.03 71 3.3% 1.37 [1.00, 1.74] 2014 -

Fourie et al, 2015 1.3 0.6 66 1.19 0.5 78  3.3% 0.20[-0.13, 0.53] 2015 r

Gleason et al, 2015 47 27 91 44.8 3.8 51 3.3% 0.70[0.34, 1.05] 2015 -

Muswe et al, 2017 1.3 04 124 0.9 0.3 28  3.2% 1.04 [0.61, 1.46] 2017 -

Appiah et al, 2020 14 03 156 1.02 0.4 131 3.3% 1.09 [0.84, 1.33] 2020 -

Di Yacovo et al, 2020 1.1 0.1 31 1.1 0.1 30 32% 0.00 [-0.50, 0.50] 2020 T

Subtotal (95% CI) 728 572  32.5% 0.22 [-0.29, 0.74] [}

Heterogeneity: Tau? = 0.65; Chi? = 165.79, df = 9 (P < 0.00001); I> = 95%

Test for overall effect: Z = 0.84 (P = 0.40)

1.2.2LDL-c

Hurwitz et al, 2004 3.2 09 156 2.8 0.9 131 3.3% 0.44[0.21, 0.68] 2004 o

Desvarieux et al, 2013 3.2 0.2 66 25 0.1 71 3.1% 4.45[3.82,5.08] 2013 -

Botha et al, 2014 3.1 0.3 50 2.8 0.2 50 3.2% 1.17[0.74, 1.59] 2014 -

Fourie et al, 2015 24 0.2 31 24 0.2 30 32% 0.00 [-0.50, 0.50] 2015 T

Gleason et al, 2015 29 1.1 66 2 0.1 78 3.3% 1.20[0.84, 1.55] 2015 -

Appiah et al, 2020 124.8 8.5 91 1118 12.3 51 3.3% 1.29[0.91, 1.67] 2020 -

Di Yacovo et al, 2020 128 6.4 41 123 4.9 41 3.2% 0.87[0.42, 1.32] 2020 -

Subtotal (95% Cl) 501 452  22.6% 1.32[0.57, 2.08] *

Heterogeneity: Tau? = 0.99; Chi? = 155.91, df = 6 (P < 0.00001); I = 96%

Test for overall effect: Z = 3.44 (P = 0.0006)

1.23TC

Hurwitz et al, 2004 202.5 8.4 41 194.6 5 41 3.2% 1.13[0.66, 1.60] 2004 -

Hileman et al, 2012 1671 109 36 1848 135 62 32% -1.39[-1.85, -0.94] 2012 -

Syed et al, 2013 4.8 0.4 50 44 0.2 50 3.2% 1.26 [0.82, 1.69] 2013 -

Desvarieux et al, 2013 161.8 37.5 67 1471 27.6 30 32% 0.42[-0.02, 0.85] 2013 ™

Botha et al, 2014 5 0.2 66 41 0.1 71 2.9% 5.72 [4.96, 6.49] 2014 -

Fourie et al, 2015 5 1.1 66 4.2 1.2 78  3.3% 0.69[0.35, 1.03] 2015 -

Gleason et al, 2015 198.5 9 91 1795 13.5 51 3.2% 1.75[1.35,2.15] 2015 -

Subtotal (95% Cl) 417 383 22.3% 1.34[0.21, 2.48] L 2

Heterogeneity: Tau? = 2.29; Chi? = 276.49, df = 6 (P < 0.00001); I> = 98%

Test for overall effect: Z =2.32 (P = 0.02)

1.24TG

Hileman et al, 2012 2.7 09 156 21 0.6 131 3.3% 0.77[0.53, 1.01] 2012 -

Desvarieux et al, 2013 1.8 0.2 66 1.2 0.1 71 3.1% 3.82[3.25,4.38] 2013 -

Botha et al, 2014 1.3 0.3 50 0.9 0.1 50 3.2% 1.78 [1.31, 2.24] 2014 -

Fourie et al, 2015 0.9 0.1 31 0.9 0.2 30 32% 0.00 [-0.50, 0.50] 2015 T

Gleason et al, 2015 1.3 0.6 66 1.01 0.5 78  3.3% 0.53[0.19, 0.86] 2015 -

Appiah et al, 2020 149.8 14.5 91 130.3 12.8 51 3.3% 1.39[1.01, 1.77] 2020 -

Di Yacovo et al, 2020 1451 294 36 1275 29.3 62 3.2% 0.60[0.18, 1.01] 2020 ™

Subtotal (95% ClI) 496 473 22.6% 1.25 [0.55, 1.96] ‘

Heterogeneity: Tau? = 0.86; Chi? = 139.30, df = 6 (P < 0.00001); I> = 96%

Test for overall effect: Z = 3.48 (P = 0.0005)

Total (95% Cl) 2142 1880 100.0% 0.95[0.59, 1.31] ]

Heterogeneity: Tau? = 0.99; Chi? = 792.94, df = 30 (P < 0.00001); I2 = 96% B 1 o 5 t 1=0

Test for overall effect: Z=5.16 (P < 0.00001)
Test for subgroup differences: Chiz = 9.12, df = 3 (P = 0.03), I? = 67.1%

HIV+ not on HAART HIV+ on HAART

Fig. 5 A forest plot showing meta-analysis outcomes for lipid profiles, including high density lipoprotein-cholesterol (HDL-c), low density
lipoprotein-cholesterol (LDL-c), total cholesterol (TC) and triglycerides (TG), in people living with the human immunodeficiency virus (PLWH)

on highly active antiretroviral therapy (HAART) in comparison to PLWH not on HAART. Green squares represent the weight of each study

in the average effect size. Horizontal lines across red squares represent the 95% confidence intervals for the point estimate. The diamonds represent

the weighted average point estimate

Lipid profiles in PLWH not on HAART in comparison

to individuals without HIV

Lastly, this meta-analysis of pooled data aimed to assess
whether HIV infection increases the levels of lipid pro-
files in PLWH not on HAART when compared with unin-
fected individuals as shown in the forest plot (Fig. 7). The
pooled effect estimates displayed reduced HDL-c levels

in HIV participants not on HAART when compared to
HIV negative individuals (SMD=-1.09; 95% CI=-1.66-
-0.52, z=3.77; p=0.0002). However, these studies
showed a substantial level of heterogeneity (I>=93%).
In addition, no association in the LDL-c (SMD=0.32;
95% CI=-0.79-143, z=0.57; p=0.57; 1*=98%), TC
(SMD=-0.28; 95% CI=-0.59-0.02, z=1.81; p=0.07;
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HIV+ on HAART HIV-

Std. Mean Difference
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Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
1.1.1 HDL-c

Hurwitz et al, 2004 43.2 23 41 467 1.4 82 47% -1.99 [-2.44, -1.54] 2004 -

Syed et al, 2013 411 10 67 505 13.2 81 4.8% -0.79[-1.12, -0.45] 2013 -

Fourie et al, 2015 1.3 0.6 66 15 05 165 4.9% -0.38 [-0.66, -0.09] 2015 N

Gleason et al, 2015 47 2.7 91 528 33 36  4.7% -2.00 [-2.46, -1.54] 2015 -

Appiah et al, 2020 14 0.3 156 14 03 147 4.9% 0.00 [-0.23, 0.23] 2020

Di Yacovo et al, 2020 1.1 0.1 31 14 0.1 22 4.3% -2.96 [-3.76, -2.16] 2020 -

Subtotal (95% Cl) 452 533 28.4% -1.30 [-2.07, -0.54] <

Heterogeneity: Tau? = 0.86; Chi? = 134.64, df =5 (P < 0.00001); I> = 96%
Test for overall effect: Z = 3.33 (P = 0.0009)

1.1.2LDL-c

Hurwitz et al, 2004 128 6.4 41 108 3.6 82  4.5%
Syed et al, 2013 104.7 30.1 67 100.2 31.3 81 4.9%
Gleason et al, 2015 124.8 8.5 91 113 145 36  4.8%
Fourie et al, 2015 29 1.1 66 28 1.02 165 4.9%
Appiah et al, 2020 3.2 0.9 156 34 11 147  49%
Subtotal (95% Cl) 421 511 23.9%

Heterogeneity: Tau? = 1.22; Chi? = 174.60, df = 4 (P < 0.00001); I> = 98%
Test for overall effect: Z=2.05 (P = 0.04)

11.3TC

Hurwitz et al, 2004 202.5 8.4 41 194.6 5 41 4.7%
Syed et al, 2013 161.8 375 67 1471 27.6 30 4.8%
Fourie et al, 2015 5 1.14 66 48 12 165 4.9%
Gleason et al, 2015 198.5 9 91 189.8 17.3 36 4.8%
Di Yacovo et al, 2020 3.95 0.3 31 39 03 22 4.6%
Subtotal (95% Cl) 296 294 23.8%
Heterogeneity: Tau? = 0.12; Chi? = 14.80, df = 4 (P = 0.005); I = 73%

Test for overall effect: Z = 2.84 (P = 0.005)

11.47TG

Hurwitz et al, 2004 203.2 34 41 1167 117 82  4.6%
Hileman et al, 2012 1451 294 36 101.8 19.8 36 4.6%
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Fig. 6 A forest plot showing outcomes of a meta-analysis for lipid profiles, including high density lipoprotein-cholesterol (HDL-c), low density
lipoprotein-cholesterol (LDL-c), total cholesterol (TC) and triglycerides (TG), in people living with the human immunodeficiency virus (PLWH)

on highly active antiretroviral therapy (HAART) in comparison to HIV-negative controls. Green squares represent the weight of each study

in the average effect size. Horizontal lines across red squares represent the 95% confidence intervals for the point estimate. The diamonds represent

the weighted average point estimate

>=61%), TG (SMD=0.14.; 95% CI=0.55 -0.82, z=0.39;
p=0.70; I>=95%) levels, was observed in PLWH not on
HAART when compared to HIV-negative individuals.

Discussion

Significantly contributing to the global disease burden,
CVD have become a leading cause of morbidity and
mortality for PLWH in the era of effective HAART [28].
It has therefore become imperative to understand the
pathogenesis of CVD within PLWH, including relevant
biomarkers that drive a pro-inflammatory response like
hs-CRP [25]. In fact, it has been reported that hs-CRP

may be a useful biomarker associated with the devel-
opment of CVD-related complications in PLWH on
HAART [24, 25, 58]. Despite updating the status of clini-
cal evidence on the relevance of hs-CRP levels in PLWH,
this review aimed to establish whether this pro-inflam-
matory marker is modulated independently in those on
HAART. Importantly, beyond reporting on the levels of
hs-CRP, the current review analyzed evidence on CVD-
related outcomes, including lipid profiles to predict CVD
risk in PLWH on HAART. To comprehend the potential
influence of ethnicity and geographic locations, clini-
cal data was additionally examined based on the world
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Fig. 7 A forest plot showing outcomes of a meta-analysis for lipid profiles, including high density lipoprotein-cholesterol (HDL-c), low density
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lipoprotein-cholesterol (LDL-c), total cholesterol (TC) and triglycerides (TG), in people living with the human immunodeficiency virus (PLWH)
not on highly active antiretroviral therapy (HAART) in comparison to negative controls or individuals without HIV. Green squares represent
the weight of each study in the average effect size. Horizontal lines across red squares represent the 95% confidence intervals for the point estimate.

The diamonds represent the weighted average point estimate

regions classified by the country where it was published.
Both the systematic approach and meta-analysis were
done to strengthen the reported data.

Twenty-two studies qualified for inclusion in this sys-
tematic review, with most studies (n=11) coming from
the African region [27, 34, 36, 38, 43—48]. The latter was
expected since the sub-Saharan African region remains
the epicenter of the Human immunodeficiency virus
pandemic, with skyrocketing infections [3, 59]. In fact,
the sub-Saharan African region is estimated to overtake
high-income countries with an increased burden of non-
communicable diseases, particularly due to coronary

artery disease and stroke [60, 61]. With increasing
research being channeled into understanding the patho-
genesis of HIV and associated complications that could
be implicated in driving the development of CVD, espe-
cially the involvement of inflammation [7, 21]. Consistent
with this notion, the qualitative analysis of data presented
in this review clearly showed that hs-CRP levels in PLWH
on HAART are significantly increased when compared to
PLWH not on HAART or those without HIV (Table 1).
This evidence was supported by a meta-analysis show-
ing significantly elevated levels of hs-CRP in PLWH on
HAART when compared to controls (Figs. 2 and 3). With
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most studies supporting this increase of hs-CRP in stud-
ies from Africa, when compared to both Europe and the
United States. Further exploration using subgroup analy-
sis did not indicate any apparent differences in statistical
values, suggesting that more studies are required to assess
the influence of geographical region on hs-CRP levels in
PLWH on HAART. In fact, these findings that support
raised levels of hs-CRP in PLWH on HAART were con-
sistent regardless of treatment duration and were not
influenced by the type of HAART regimen. This indicates
that inflammation is a predominant feature in PLWH
regardless of viral suppression. This hypothesis has been
increasingly explored recently [21, 42], with more evi-
dence required to understand its potential in causing
the development of CVD. The findings from our analysis
are consistent with results reported by Avan et al., [24]
and De Luca et al,, [58], where they also observed an
association between the hs-CRP levels and CVD-risk in
PLWH on HAART. In addition, in the Strategic Manage-
ment of Antiretroviral Therapy Study (SMART), it has
been shown that hs-CRP levels are associated with CVD
events and all-cause mortality risk [23, 62, 63]. It’s essen-
tial to note that the relationship between HIV, HAART,
and inflammation is complex, and response among indi-
viduals may vary due to lifestyle and geographic loca-
tions. Furthermore, different antiretroviral drugs may
have varying effects on inflammation. In cases where
individuals on HAART show higher CRP levels com-
pared to those not on HAART, a thorough investigation
of factors such as medication adherence and potential
concurrent health conditions is essential. Also, consistent
monitoring and open discussions with healthcare provid-
ers are vital for optimizing HIV management and overall
well-being.

Abnormal lipid profiles including raised levels of total
cholesterol, LDL-c, and glycerides, to reduced concentra-
tions of HDL-c have become reliable markers to evaluate
CVD-risk in pathological settings [27, 64]. This explains
routine measurement of lipid profiles in PLWH, includ-
ing those on HAART [35, 65]. Interestingly, in our sys-
tematic review, especially in the data emanating from
Africa, there was a strong correlation between elevated
hs-CRP levels and abnormal lipid parameters, sug-
gesting a potential increased risk of CVD in PLWH on
HAART [27, 35, 45, 46, 50, 65, 66], which occurs regard-
less of the perceived benefits of treatment. Furthermore,
our meta-analysis showed that HDL-c levels were sig-
nificantly reduced in PLWH on HAART compared to
controls (Fig. 4). Whereas the levels of LDL-c, total cho-
lesterol, and triglycerides were significantly elevated in
PLWH on HAART compared to controls (Figs. 4 and 5).
Thus, the altered blood lipid status, as confirmed by evi-
dence synthesized in this study, shows that PLWH on
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HAART indeed have an increased risk of developing
CVD. This was in accordance with previously reported
studies, which indicated that PLWH on HAART have
an increased risk of developing CVD [27, 45, 65]. The
increased CVD risk may relate to some of the metabolic
side effects, such low bone mineral density [67], that are
most pronounced in patients treated with nucleoside/
nucleotide reverse transcriptase inhibitors (NRTIs) [27,
35, 45, 46, 50, 68] or protease inhibitors [47]. These find-
ings may have clinical implications if not given enough
attention. These may include implications in the develop-
ment of CVD-related events such as myocardial infarc-
tion, heart failure, and peripheral artery disease because
elevated levels of hs-CRP are consistent or identified in
all these conditions in both PLWH and the uninfected
individuals [27, 35, 69]. In addition, while the specificity
of hs-CRP may be influenced by extended storage or the
presence of EDTA in both serum and plasma [70-72],
we are confident that these factors did not significantly
impact the overarching conclusion of the present system-
atic review. This confidence stems from the fact that most
studies included in the review reported on the serum lev-
els of this acute phase protein (73%).

The current systematic review and meta-analysis is not
without limitations. Noteworthy, most studies were com-
posed of relatively small sample sizes; thus, the observa-
tions made remain to be explored in future studies with
larger sample sizes. Another limitation is that most stud-
ies were cross-sectional rather than longitudinal, that
may provide an advantage of following up on partici-
pants. There was also a high level of statistical heteroge-
neity among included studies. In this study the majority
of studies included in the review reported on the serum
levels of this acute phase protein (73%) as compared to
plasma (27%). Furthermore, not all CVD-related out-
comes were reported in the current analysis. However,
there are also strengths of this review, which includes it
being the first systematic review and meta-analysis that
provides a comprehensive overview and meta-analysis of
the association between hs-CRP and PLWH on HAART.
Further providing much-needed information for evi-
dence-based health care in terms of monitoring and lim-
iting noncommunicable disease-related complications in
PLWH on HAART.

Conclusion

The current systematic review and meta-analysis pro-
vide evidence that elevated levels of hs-CRP and lipid
profiles are prevalent in PLWH on HAART, and this may
increase the risk of CVD complications (Fig. 8). These
outcomes pose challenges in policy implications on care
for PLWH, especially the medical care that involves the
long-term use of HAART. Addressing these challenges
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