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ARTICLE INFO ABSTRACT

Keywords: Objectives: This study aimed to analyze lipid profiles among people with HIV and observe changes in lipid
HIV parameters during 1 year of antiretroviral therapy (ART), with particular reference to immune parameters.
Lipid profile Methods: We analyzed adult newly diagnosed people with HIV (PWH) who started ART, continued uninterrupt-
;:mhlﬂlel::'::mnsﬁmﬁon edly for 1 year and achieved complete viral suppression. Patients were not receiving lipid-lowering therapy. The
cluster of differentiation (CD4) count, CD4:CD8 ratio, HIV type 1 viral load, and lipid profile were examined at
HIV diagnosis and after 12 months of ART.
Results: The study included 70 patients. Significant increases in total, high-density lipoprotein (HDL), and low-
density lipoprotein (LDL) cholesterol and decreases in triglyceride concentrations after 1 year of ART were ob-
served. A baseline CD4 count <200/ul was associated with higher baseline LDL cholesterol (P = 0.036), and
female sex with elevated total, LDL, and non-HDL cholesterol (P = 0.005; P = 0.011; P = 0.008). Patients with
baseline CD4 counts <200/l had significantly higher total, LDL, and non-HDL cholesterol (P = 0.033; P = 0.009;
P =0.009) and triglyceride (P = 0.003) levels after 1 year of ART than patients with CD4 levels >200/pl.
Conclusions: Lipid parameters should be regularly assessed in all PWH receiving ART, especially in patients with
baseline CD4 counts <200/pl.

Introduction

HIV, regardless of the stage of infection, is a known risk factor for
altered lipid profiles. People with HIV (PWH) often experience low con-
centrations of high-density lipoprotein (HDL) cholesterol and hyper-
triglyceridemia, which are both considered high-risk lipid profiles for
atherosclerosis and cardiovascular disease (CVD). The reasons for this
phenomenon are multivariate, and it is suggested that HIV may be asso-
ciated with endothelial dysfunction [1]. Moreover, circulating HIV has
a proinflammatory effect by promoting the expression of adhesive pro-
teins and cytokines [2]. Another possible but not well-examined cause of
impaired lipid profiles may be the impact of altered immune parameters
in PWH.

Untreated HIV infection gradually leads to depletion of the cluster
of differentiation (CD4) lymphocyte T-cell count and a decrease in the
CD4:CD8 ratio. While the relationship of the decline in immune param-
eters with the development of opportunistic infections and AIDS is well
known, its impact on the lipid profile remains unclear. Studies suggest
that a low CD4 lymphocyte count should be considered unfavorable in
terms of the lipid profile. Compared with PWH with higher CD4 cell
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counts, those with lower lymphocyte counts are more likely to have
low HDL cholesterol concentrations and higher triglyceride levels [2].
Furthermore, a history of AIDS-related events, which depend on a de-
crease in the CD4 lymphocyte count, was also reported to be associated
with increased total cholesterol and triglyceride concentrations [3]. The
crucial factor impacting both immune parameters and lipid profiles in
PWH is antiretroviral therapy (ART), whose role in changing the natural
course of HIV infection is tremendous, but its cardiovascular effects are
ambiguous.

Novel antiretroviral agents are known to have high effectiveness and
low toxicity [4]. With increasing life expectancy of PWH, an increase
in cardiovascular effects has been reported, including the worsening of
lipid parameters in comparison with those in the general population.
Compared with ART-naive PWH, PWH receiving ART have higher con-
centrations of total cholesterol, low-density lipoprotein (LDL) choles-
terol and triglycerides [5]. The application scheme of ART is also highly
important since not all antiretroviral agents have the same potential to
cause dyslipidemia. Protease inhibitors (PIs) are a class of ARTs that are
considered unfavorable in terms of their lipid profile [6]. Among other
agents, tenofovir alafenamide (TAF) may also be associated with in-
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Table 1
Study population characteristics.
Baseline After 1 year of antiretroviral therapy P

Total cholesterol (mmol/l) mean (SD) 4.15 (1.16) 4.81 (1.08) <0.001
High-density lipoprotein cholesterol (mmol/1) mean (SD) 0.84 (0.36) 1.22 (0.43) <0.001
Low-density lipoprotein cholesterol (mmol/1) mean (SD) 2.46 (0.43) 2.79 (0.86) 0.007
Non-high-density lipoprotein cholesterol (mmol/1) mean (SD) 3.31(1.02) 3.60 (1.05) 0.028
Triglyceride (mmol/1) mean (SD) 1.98 (0.94) 1.82 (1.13) 0.285
Atherogenic index of plasma mean (SD) 0.37 (0.33) 0.13 (0.33) <0.001
CD4 lymphocyte count (cells/ul) mean (SD) 201.74 (273.39) 407.29 (290.25) <0.001
CD4:CD8 ratio mean (SD) 0.26 (0.30) 0.56 (0.44) <0.001

CD, clusters of differentiation.

creases in total and LDL cholesterol [7]. In contrast, some regimens may
be beneficial in terms of lipid profile: after switching to doravirine from
different regimens, decreases in total and LDL cholesterol and triglyc-
erides have been observed [8].

Various other factors may impact the lipid profile of PWH. Among
PWH, female sex is associated with higher total, LDL and non-HDL
cholesterol levels and higher triglyceride concentrations [9]. Moreover,
chronic hepatitis C virus (HCV) and hepatitis B virus (HBV) infections
can influence the lipid profile in PWH. Studies have shown that PWH
coinfected with HCV have lower total cholesterol, LDL cholesterol, and
HDL cholesterol levels than PWH infection alone [10]. Patients with
HIV/HBV coinfection also seem to have a lower risk of dyslipidemia
than PWH do [11].

Our study aimed to evaluate the lipid profile among people with
newly diagnosed HIV infection who were not previously exposed to ART
and to observe the change in the lipid profile after 1 year of effective
ART. This study focused mostly on the impact of the application scheme
of ART and the effects on the CD4 lymphocyte count and CD4:CD8 ratio
in the context of lipid parameters.

Materials and methods
Study design

We conducted an observational cohort study evaluating changes in
the lipid profile of PWH before the implementation of antiretroviral
treatment and after 1 year of persistent ART. We included adult (age
18 or older) patients with newly diagnosed HIV infection with no pre-
vious history of ART who started ART, continued uninterruptedly for a
minimum of 1 year, and reached complete viral suppression at a follow-
up visit after 1 year since the initiation of ART. All analyzed patients
were hospitalized in our department between 2016 and 2023. The ex-
clusion criteria were a history of dyslipidemia, receiving lipid-lowering
therapy, or a change in the ART scheme during the analyzed period.

Assessments

All patients were analyzed twice—before the implementation of ART
and after 1 year of persistent treatment. At the starting and ending
point of the study, all patients were subjected to physical examination
and laboratory testing. The scheme of applied ART during the observa-
tion period was analyzed. The modification of any medication or the
form of medication was considered a change in the ART scheme. Blood
samples were collected twice—before the initiation of ART and after
1 year of persistent treatment. The CD4 count, CD4:CD8 ratio, HIV vi-
ral load, total cholesterol, LDL cholesterol, HDL cholesterol and triglyc-
eride levels were repeatedly analyzed. The non-HDL cholesterol con-
centration and the atherogenic index of plasma (AIP) were measured.
The immunophenotyping analyses, including measurements of the ab-
solute counts of the T lymphocyte (CD3+) subsets, namely, the CD4+
(helper/inducer), CD8+ (suppressor/cytotoxic), and CD4:CD8 ratios,
were performed via flow cytometry with three-color direct immunofluo-

rescence reagents—TriTEST™ (BD Biosciences, Australia). The HIV vi-
ral load was assessed via the Abbott real-time HIV type 1 assay via an
in vitro reverse transcription-polymerase chain reaction assay with ho-
mogenous real-time fluorescent detection for the quantification of HIV
type 1 in the automated m2000 system in human plasma. An HIV vi-
ral load <50 copies/mL was considered undetectable. All patients were
assessed in terms of HCV and HBV coinfections. HCV coinfection was
confirmed by polymerase chain reaction of HCV RNA, and HBYV infec-
tion was confirmed by HBs antigen. The data contained in the boxplots
are reported as the mean value and standard deviation.

Statistical analysis

The Shapiro-Wilk test was performed to verify the normality of the
distributions of the analyzed variables. Student’s t-test or the Mann-
Whitney U test was used to evaluate the difference in the mean values
of the analyzed variables. Paired t-test or Wilcoxon signed-rank test was
used for the analysis of the differences in mean values of analyzed pa-
rameters before ART implementation and after 1 year of ART. ANOVA
was used to assess the difference in the mean value among more than
two quantitative variables. The Tukey Honestly Significant Difference
(HSD) test was used as a post hoc test. Pearson correlation was performed
to measure the correlation between two sets of data. Multiple linear re-
gression was performed with adjustments for age, sex, HCV, and HBV
coinfections, and the application scheme of ART. The P-value was set at
0.05. All the statistical analyses were performed via Python 3.7 software
and the Statistica 13.1 program (StatSoft Poland, Krakéw, Poland).

Results
Study population

We analyzed a population of 70 patients (58 men and 12 women)
who were diagnosed with HIV infection and had no previous history
of ART. The mean age of the analyzed patients was 38.1 years (stan-
dard deviation 10.81). Among our patients, seven were diagnosed with
chronic HCV infection (five men, two women), and four were diagnosed
with chronic HBV infection (four men, zero women). There were no pa-
tients with HIV/HCV/HBV coinfection. The basic characteristics of the
study group are presented in Table 1.

CD4 and lipid profiles

We analyzed whether a lower CD4 count before ART implementa-
tion was associated with a worse baseline lipid profile. The results are
presented in Table 2 and Figure 1.

We did not observe statistically significant differences in total choles-
terol, HDL cholesterol, LDL cholesterol, non-HDL cholesterol, triglyc-
eride concentration, or AIP between patients with baseline CD4 counts
<200/ul and those with baseline CD4 counts >500/ul (P = 0.443,
P =0.414, P = 0.605, P = 0.365, P = 0.486, P = 0.783, respectively).
The results are shown in Figure 1.
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Figure 1. The comparison of baseline and 1-year post-treatment implementation lipid profile among people with HIV with different baseline CD4 cell counts.
ART, antiretroviral therapy; CD, cluster of differentiation; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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Table 2
Comparison of the baseline lipid profiles of people with HIV with different CD4 counts.
Baseline CD4 Baseline CD4 P Baseline CD4 Baseline CD4 P
<200 (n = 46) >200 (n = 24) <500 (n = 61) >500 (n=9)

Total cholesterol (mmol/1) mean (SD) 4.30 (1.30) 3.85(0.79) 0.122 4.18 (1.20) 3.95 (0.88) 0.595
High-density lipoprotein cholesterol (mmol/1) mean (SD) 0.83 (0.36) 0.87 (0.37) 0.252 0.84 (0.37) 0.83 (0.35) 0.493
Low-density lipoprotein cholesterol (mmol/1) mean (SD) 2.60 (0.97) 2.21 (0.76) 0.036 2.47 (0.90) 2.41 (1.08) 0.846
Non-high-density lipoprotein cholesterol (mmol/1) mean (SD) 3.48 (1.09) 2.98 (0.79) 0.052 3.33 (1.04) 3.12 (0.88) 0.281
Triglyceride (mmol/1) mean (SD) 2.05 (0.94) 1.85 (0.95) 0.087 1.96 (0.96) 2.14 (0.82) 0.299
Atherogenic index of plasma mean (SD) 0.39 (0.32) 0.32 (0.34) 0.402 0.36 (0.34) 0.42 (0.27) 0.591

CD, clusters of differentiation.

Table 3

Comparison of 1-year post-antiretroviral therapy implementation lipid profiles in people with HIV with different baseline CD4 counts.

Baseline CD4 lymphocyte count Baseline CD4 lymphocyte count P
<200 cells/pl (n = 46) >200 cells/ul (n = 24)

Total cholesterol (mmol/1) mean (SD) 5.01 (1.10) 4.43 (0.95) 0.033
High-density lipoprotein cholesterol (mmol/1) mean (SD) 1.18 (0.44) 1.29 (0.41) 0.138
Low-density lipoprotein cholesterol (mmol/1) mean (SD) 2.97 (0.92) 2.45 (0.62) 0.009
Non-high-density lipoprotein cholesterol (mmol/1) mean (SD) 3.83(1.02) 3.14 (0.99) 0.009
Triglyceride (mmol/1) mean (SD) 2.08 (1.21) 1.34 (0.73) 0.003
Atherogenic index of plasma mean (SD) 0.21 (0.34) —0.01 (0.27) 0.008

CD, clusters of differentiation.

Table 4

The correlation between CD4 count and CD4:CD8 ratio growth during 1 year of antiretroviral therapy and the change in lipid profile concentrations.

CD4 univariate Univariate Multiple linear CD4:CD8 univariate Univariate Multiple linear
correlation P regression correlation P regression
coefficient P coefficient P
Total cholesterol (mmol/l) mean (SD) 0.056 0.647 0.970 -0.150 0.216 0.282
High-density lipoprotein cholesterol 0.018 0.880 0.975 0.069 0.571 0.317
(mmol/1) mean (SD)
Low-density lipoprotein cholesterol 0.043 0.724 0,980 —-0.074 0.542 0.263
(mmol/1) mean (SD)
Non-high-density lipoprotein cholesterol 0.057 0.641 0.979 -0.197 0.103 0.317
(mmol/1) mean (SD)
Triglyceride (mmol/1) mean (SD) -0.075 0.536 0.978 -0.268 0.025 0.227
Atherogenic index of plasma mean (SD) —0.065 0.594 0.979 —-0.194 0.108 0.328
CD, clusters of differentiation.
Table 5
Lipid profile differences among men and women before the initiation of antiretroviral therapy.
Women (n = 12) Men (n = 58) P
Total cholesterol (mmol/1) mean (SD) 5.00 (1.22) 3.97 (1.08) 0.005
High-density lipoprotein cholesterol (mmol/1) mean (SD) 1.00 (0.38) 0.81 (0.35) 0.061
Low-density lipoprotein cholesterol (mmol/1) mean (SD) 3.07 (1.05) 2.34 (0.85) 0.011
Non-high-density lipoprotein cholesterol (mmol/1) mean (SD) 4.00 (1.08) 3.16 (0.95) 0.008
Triglyceride (mmol/1) mean (SD) 2.36 (1.12) 1.90 (0.89) 0.086
Atherogenic index of plasma mean (SD) 0.36 (0.30) 0.37 (0.33) 0.899

CD, clusters of differentiation.

Table 3 presents the lipid profile after 1 year of ART in patients with
baseline CD4 lymphocyte counts <200 cells/ul and >200 cells/ul.

We analyzed the correlation of the CD4 count and CD4:CD8 ratio
growth with the total cholesterol, HDL cholesterol, LDL cholesterol, non-
HDL cholesterol, triglyceride, and AIP changes after 1 year of ART. The
results are presented in Table 4.

ART and lipid profile

All of the analyzed patients received ART consisting of one or two nu-
cleoside reverse transcriptase inhibitors (NRTI) plus one integrase strand
transfer inhibitor (InSTI) (56 patients), one PI (seven patients), or one
non-nucleoside reverse transcriptase inhibitor (NNRTI) (seven patients).
We analyzed whether receiving InSTI/PI/NNRTI for 1 year was associ-
ated with a worsening of the lipid profile, and we did not observe sta-

tistically significant differences in the changes in total cholesterol, HDL
cholesterol, LDL cholesterol, non-HDL cholesterol, triglyceride concen-
tration, or AIP (P = 0.711, P = 0.780, P = 0.803, P = 0.559, P = 0.198,
P = 0.298, respectively).

TAF/ tenofovir disoproxil (TDF)

In the analyzed group of patients, 18 individuals received TDF, and
49 people received TAF. We did not observe statistically significant dif-
ferences in total cholesterol, HDL cholesterol, LDL cholesterol, non-HDL
cholesterol, triglyceride concentration, or AIP among people treated
with TDF or TAF after 1 year of antiretroviral treatment (P = 0.396,
P =0.885,P=0.291, P = 0.298, P = 0.381, P = 0.911, respectively).

Bictegravir (BIC)/ dolutegravir (DTG)/ elvitegravir (EVG)
Among patients receiving InSTI-based ART, 22 individuals received
BIC, 14 received DTG, and 18 received elvitegravir (boosted with co-
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bicistat). We aimed to investigate whether treatment with individual
medications was associated with significantly different lipid profiles af-
ter 1 year of therapy. The results are presented in Figure 2.

We observed statistically significant differences in LDL cholesterol
concentration among the three analyzed groups. Therefore, we per-
formed a post hoc Tukey HSD test, which revealed that LDL cholesterol
concentration growth was significantly greater among people receiv-
ing elvitegravir boosted with cobicistat (EVG/c) than among people re-
ceiving BIC (P = 0.004). The test revealed no statistically significant
difference in LDL growth among people who received a BIC vs DTG
(P =0.385) or DTG vs EVG/c (P = 0.062). However, individuals receiv-
ing EVG/c-based therapy had significantly lower baseline LDL choles-
terol concentrations (2.07 mmol/1) than patients receiving BIC-based
therapy did (2.89 mmol/1) (P = 0.001), and the mean LDL cholesterol
concentration after 1 year of receiving EVG/c-based therapy and BIC-
based therapy was insignificant (2.87 for EGV/c-based therapy and 2.83
mmol/1 for BIC-based therapy, P = 0.478).

Sex

We analyzed whether lipid profiles differed among men and women
before ART implementation. The results are presented in Table 5.

We did not observe statistically significant differences in the changes
in total cholesterol, HDL cholesterol, LDL cholesterol, non-HDL choles-
terol, triglyceride concentration, or AIP among men and women after
1 year of antiretroviral treatment (P = 0.164, P = 0.429, P = 0.079,
P =0.108, P = 0.715, P = 0.956, respectively).

HCV/HBV coinfection

Owing to the small number of patients with HCV infection and HBV
infection, we analyzed patients with HCV or HBV coinfection together
and compared the results to those in a population of individuals with
HIV mono-infection. We did not observe statistically significant differ-
ences in total cholesterol, HDL cholesterol, LDL cholesterol, non-HDL
cholesterol, triglyceride concentration or the AIP before the introduc-
tion of ART among individuals with HCV or HBV chronic coinfection
and those with HIV mono-infection (P = 0.939, P = 0.433, P = 0.118,
P =0.974, P = 0.484, P = 0.854, respectively) or after 1 year of treat-
ment (P =0.355, P =0.610, P = 0.210, P = 0.430, P = 0.223, P = 0.362,
respectively).

Discussion

Our study aimed to evaluate the importance of immune parame-
ters in PWH in relation to the concentration of lipid parameters. We
chose a group of newly diagnosed antiretroviral-naive patients not re-
ceiving lipid-lowering therapy and observed alterations in the CD4 cell
count, CD4:CD8 ratio, and lipid profile during 1 year of uninterrupted
ART. At the time of HIV diagnosis, the study population’s mean LDL
cholesterol, non-HDL cholesterol and triglyceride concentrations were
elevated; however, the patients did not have CVD or a 10-year CVD
risk >10%,; therefore, lipid-lowering therapy was not introduced, and
all patients were advised to have lifestyle modifications, according to
the European AIDS Society guidelines 2022 [12].

After 1 year of follow-up, we observed statistically significant in-
creases in total cholesterol, LDL cholesterol, HDL cholesterol, and non-
HDL cholesterol in comparison with the baseline lipid profile. Interest-
ingly, we observed a decrease in the triglyceride concentration, how-
ever, that difference was not statistically significant. The obtained data
regarding the growth in total and LDL cholesterol during ART are gen-
erally consistent with current research [13]. However, the change in
triglyceride concentration in ART-treated patients is ambiguous. Some
studies suggest an increase in the triglyceride concentration after the
implementation of ART, which is different than that reported in our
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population [5]. On the other hand, the triglyceride concentration may
also decrease depending on the ART regimen [14].

The AIP correlates with the development of cardiovascular events
and HIV is known to increase it [15]. However, there are limited data
on the impact of ART on AIP. In our study, despite the general worsening
of the lipid profile after the initiation of ART, we observed a significant
decrease in the AIP score after 1 year of treatment. Since the AIP may
be an independent factor impacting the risk of CVD in PWH, it may be
possible that with the use of ART, cardiovascular risk may be reduced,
regardless of the lipid profile [16].

ART is currently characterized by high safety, high effectiveness,
and low toxicity; however, people receiving ART may be at increased
risk of dyslipidemia [5]. In our study, we did not observe statistically
significant differences in lipid concentrations among people receiving
InSTI/PI/NNRTI-based regimens; however, 80% of the individuals in-
cluded in our study were receiving InSTI. Studies have shown that InSTIs
are associated with a lower risk of dyslipidemia than PIs and NNRTIs
[17]. Our patients were receiving BIC, DTG, and EVG/c, and we ob-
served greater LDL cholesterol growth among people receiving EVG/c
than among people receiving BIC. The results may be biased because in-
dividuals receiving EVG/c-based therapy had significantly lower base-
line LDL cholesterol. However, the results are consistent with those of
randomized controlled trials, which also suggest that treatment with
EVG/c is associated with worse lipid profiles than BIC- or DTG-based
therapy [18]. Another drug associated with an unfavorable lipid profile
is TAF, which is especially associated with increases in LDL cholesterol
and triglyceride levels after switching from regimens containing TDF
[71. In our study, we did not observe significant differences in lipid con-
centrations among people receiving TAF and those receiving TDF. How-
ever, this may be due to the small population of individuals receiving
TDF (18 patients) in comparison to those receiving TAF (49 patients).

Our study aimed to evaluate the impact of immune parameters on
the lipid profile. First, we analyzed whether individuals with lower base-
line CD4 counts and CD4:CD8 ratios had more unfavorable baseline lipid
profiles. We observed that a lower CD4 count and CD4:CD8 ratio were
associated with higher concentrations of total cholesterol, LDL choles-
terol and non-HDL cholesterol. However, only LDL cholesterol was sig-
nificantly higher among people with a baseline CD4 count <200/pl than
among PWH with a CD4 count >200/ul. There is not much current re-
search evaluating the impact of the CD4 count on the lipid profile; how-
ever, our findings seem to be consistent with the established statement
that a lower CD4 count is generally considered a predictor of dyslipi-
demia [19]. On the other hand, research has also suggested that dyslipi-
demia in PWH with low CD4 counts is associated mostly with increases
in very low-density lipoprotein cholesterol and triglycerides and not in
LDL cholesterol, which is also lower in people with lower CD4 lympho-
cyte counts [20,21].

We also wanted to observe whether the increase in the CD4 cell count
and CD4:CD8 ratio after the introduction of suppressive ART may be as-
sociated with alterations in the lipid profile. In the analyzed group of pa-
tients, we did not observe a significant correlation between lipid profile
changes and CD4 cell count recovery, but we observed that an increase
in the CD4:CD8 ratio was associated with a decrease in triglyceride con-
centrations. However, that relationship was not statistically significant
after adjustment for age, sex, chronic viral coinfections, and the scheme
of ART.

The relationship between dyslipidemia and CD4 recovery is not fully
understood. Interestingly, not only may CD4 influence lipid concentra-
tions, but dyslipidemia may also play an important role in the pattern
of immune recovery. A Chinese study suggested that higher baseline
triglyceride concentrations could be associated with worse CD4 recov-
ery [22]. Persistent inflammation in PWH may play an important role in
the association between dyslipidemia and immune recovery. Both HIV
infection and unfavorable lipid profiles are associated with systemic
inflammation [23,24]. During ART, the majority of proinflammatory
molecules decrease; however, they remain higher than those in healthy
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controls [25]. Persistent immune activation is an important cause of
CD4 depletion and increases the serum levels of cholesterol and triglyc-
erides in PWH [26,27]. Novel studies reporting the potential favorable
impact of statins on inhibiting HIV infection and making CD4+ T cells
less susceptible to HIV infection seem very promising in terms of further
research on HIV infection, dyslipidemia, and CD4+ T-cell recovery [28].

In our study, we also assessed the impact of sex and chronic vi-
ral coinfections on the lipid profile. Although our study population in-
cluded only 12 women, we observed significantly higher baseline total
cholesterol, LDL cholesterol and non-HDL cholesterol concentrations in
women than in men. It is believed that the risk of CVD in women with
HIV is greater than that in men with HIV, which is the opposite of the
general population [29]. Women with HIV are also considered more
likely to have higher total, LDL and non-HDL cholesterol and higher
triglyceride concentrations, which was also observed in our study [9].
However, no differences in lipid profiles were found among women
and men after 1 year of antiretroviral treatment. We also did not ob-
serve any significant differences in lipid concentrations among individ-
uals with HBV or HCV coinfection (baseline and after 1 year of ART);
however, this may be due to the small number of patients with coin-
fections. Compared with HIV infection alone, HIV/HCV coinfection is
generally associated with lower total cholesterol, LDL cholesterol, and
HDL cholesterol, but cardiovascular risk seems to be greater among pa-
tients with coinfection, probably because of the greater prevalence of
carotid plaques and endothelial dysfunction [10]. In contrast, HIV/HBV
coinfection among patients receiving ART does not seem to be associ-
ated with time to CVD onset in comparison with HIV mono-infection
[11].

The associations between lipid profiles and immune recovery dur-
ing ART in PWH have not been explored. We believe that our study
may contribute to its investigation; however, we acknowledge that it
has several limitations. The population of our study group was small;
therefore, the results may not apply to the whole population, especially
in terms of sex or chronic viral coinfections. We also did not measure
very low-density lipoprotein concentrations, which are often elevated
in PWH, and observing their relationship with immune recovery could
be valuable. Moreover, the observation period of 1 year was relatively
short, which may not have allowed us to determine the long-term impact
of dyslipidemia. However, we believe that this study will contribute to
further research on the association between dyslipidemia and CD4 re-
covery.

Conclusion

Dyslipidemia is a prevalent problem in PWH, and the impact of im-
mune recovery on the lipid profile is not well established. Healthcare
providers should pay attention to the lipid profile in ART-naive patients,
especially those with a baseline CD4 cell count <200/ul. Lipid parame-
ters should be precisely and regularly assessed in all PWH undergoing
ART, since ART implementation may be associated with worsening of
lipid parameters. A particular car is suggested for PWH with low base-
line CD4 T-cell counts.

Declarations of competing interest

The authors have no competing interests to declare.

Funding

This research did not receive any specific grant from funding agen-
cies in the public, commercial, or not-for-profit sectors.

Ethics approval

The study was conducted following the Declaration of Helsinki and
approved by the Ethics Committee of the Medical University of Warsaw,
Poland (AKBE/187/2023).



A. Lembas, A. Zaleski, T. Mikuta et al.

Author contributions

Conceptualization, methodology, software, data curation, formal

analysis, writing—original draft preparation, visualization, project ad-
ministration: AL. Validation, writing—review and editing: AZ, TM, and
AW-D. Investigation: AZ and TM. Resources: AL, AZ, TM, and JK. Super-
vision: TM and AW-D. All authors have read and agreed to the published
version of the manuscript.

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

Low H, Hoang A, Pushkarsky T, Dubrovsky L, Dewar E, Di Yacovo MS, et al. HIV
disease, metabolic dysfunction, and atherosclerosis: a three-year prospective study.
PL0S One 2019;14:e0215620. doi:10.1371/journal.pone.0215620.

Nosik M, Belikova MG, Ryzhov K, Avdoshina D, Sobkin A, Zverev V, et al. Unique
profile of proinflammatory cytokines in plasma of drug-naive individuals with ad-
vanced HIV/TB co-infection. Viruses 2023;15:1330. doi:10.3390/v15061330.
Williams P, Wu J, Cohn S, Koletar S, McCutchan J, Murphy R, et al. Improvement
in lipid profiles over 6 years of follow-up in adults with AIDS and immune reconsti-
tution. HIV Med 2009;10:290-301. doi:10.1111/j.1468-1293.2008.00685.x.
Menéndez-Arias L, Delgado R. Update, and latest advances in antiretroviral therapy.
Trends Pharmacol Sci 2022;43:16-29. doi:10.1016/j.tips.2021.10.004.

Nduka C, Sarki A, Uthman O, Stranges S. Impact of antiretroviral therapy on serum
lipoprotein levels and dyslipidemias: a systematic review and meta-analysis. Int J
Cardiol 2015;199:307-18. doi:10.1016/j.ijcard.2015.07.052.

Taramasso L, Tatarelli P, Ricci E, Madeddu G, Menzaghi B, Squillace N, et al.
Improvement of lipid profile after switching from efavirenz or ritonavir-boosted
protease inhibitors to rilpivirine or once-daily integrase inhibitors: results from
a large observational cohort study (SCOLTA). BMC Infect Dis 2018;18:357.
doi:10.1186/5s12879-018-3268-5.

Lacey A, Savinelli S, Barco EA, Macken A, Cotter AG, Sheehan G, et al. Investigating
the effect of antiretroviral switch to tenofovir alafenamide on lipid profiles in people
living with HIV. AIDS 2020;34:1161-70. doi:10.1097/QAD.0000000000002541.
Iannone V, Farinacci D, D’Angelillo A, Dusina A, Lamanna F, Passerotto R, et al.
Cardiovascular disease risk in a cohort of virologically suppressed people living with
HIV switching to doravirine: preliminary data from the real life. AIDS Res Hum Retro-
vir 2022;38:878-80. doi:10.1089/AID.2022.0050.

Kiyimba T, Kigozi F, Yiga P, Mukasa B, Ogwok P, Van der Schueren B, et al. The
cardiometabolic profile and related dietary intake of Ugandans living with HIV and
AIDS. Front Nutr 2022;9:976744. doi:10.3389/fnut.2022.976744.

Kuti MA, Akinyemi JO, Ogunbosi BO, Kuti KM, Adesina OA, Awolude OA,
et al. HCV co-infection is associated with metabolic abnormalities among
HAART naive HIV-infected persons. Niger J Clin Pract 2017;20:799-803.
doi:10.4103/1119-3077.212444.

Gillis J, Smieja M, Cescon A, Rourke SB, Burchell AN, Cooper C, et al. Risk
of cardiovascular disease associated with HCV and HBV co-infection among
antiretroviral-treated HIV-infected individuals. Antivir Ther 2014;19:309-17.
doi:10.3851/IMP2724.

EACS European AIDS Clinical Society. Guidelines.
https://www.eacsociety.org/media/guidelines-11.1_final_09-10.pdf;
cessed 01 July 2024].

Diggins CE, Russo SC, Lo J. Metabolic consequences of antiretroviral therapy. Curr
HIV AIDS Rep 2022;19:141-53. d0i:10.1007/5s11904-022-00600-6.

Version 11.1,
2022

2022,
[ac-

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

LJID Regions 14 (2025) 100602

Echeverria P, Bonjoch A, Puig J, Ornella A, Clotet B, Negredo E. Significant im-
provement in triglyceride levels after switching from ritonavir to cobicistat in
suppressed HIV-1-infected subjects with dyslipidaemia. HIV Med 2017;18:782-6.
doi:10.1111/hiv.12530.

Wambui D, Mohamed S, Asiki G. Prevalence of and factors associated with
high atherogenic index among adults in Nairobi urban informal settlements: the
AWI-Gen study. PLoS Glob Public Health 2022;2:e0000224. doi:10.1371/jour-
nal.pgph.0000224.

Noumegni SR, Nansseu JR, Bigna JJ, Ama Moor VJ, Kembe Assah F, De-
hayem MY, et al. Atherogenic index of plasma and 10-year risk of cardiovas-
cular disease in adult Africans living with HIV infection: a cross-sectional study
from Yaoundé, Cameroon. JRSM Cardiovasc Dis 2017;6 2048004017740478.
doi:10.1177/2048004017740478.

The RESPOND Study Grouplncidence of dyslipidemia in people with HIV who
are treated with integrase inhibitors versus other antiretroviral agents. AIDS
2021;35:869-82. doi:10.1097/QAD.0000000000002811.

Saumoy M, Sanchez-Quesada JL, Ordofiez-Llanos J, Podzamczer D. Do all integrase
strand transfer inhibitors have the same lipid profile? Review of randomised con-
trolled trials in naive and switch scenarios in HIV-infected patients. J Clin Med
2021;10:3456. doi:10.3390/jcm10163456.

Njoroge A, Guthrie BL, Bosire R, Wener M, Kiarie J, Farquhar C. Low HDL-cholesterol
among HIV-1 infected and HIV-1 uninfected individuals in Nairobi, Kenya. Lipids
Health Dis 2017;16:110. doi:10.1186/512944-017-0503-9.

Oka F, Naito T, Oike M, Imai R, Saita M, Inui A, et al. Correlation between HIV
disease and lipid metabolism in antiretroviral-naive HIV-infected patients in Japan.
J Infect Chemother 2012;18:17-21. doi:10.1007/s10156-011-0275-5.

Sridevi K, Malathi S, Chalapathi KV, Gayathri M, Chand GE, Nayyar AS. CD4 cell
counts, lipid profile, and oral manifestations in HIV-infected and AIDS patients. Front
Dent 2019;16:436-49. doi:10.18502/fid.v16i6.3443.

Chan DP, Lee MP, Wong NS, Leung RK, Naftalin CM, Lee SS. Association of immune
recovery with hyperlipidaemia and apolipoprotein gene polymorphisms following
highly active antiretroviral therapy in a cohort of Chinese HIV patients. BMJ Open
2016;6:€010998. doi:10.1136/bmjopen-2015-010998.

Mahemuti N, Jing X, Zhang N, Liu C, Li C, Cui Z, et al. Association between systemic
immunity-inflammation index and hyperlipidemia: a population-based study from
the NHANES (2015-2020). Nutrients 2023;15:1177. doi:10.3390/nu15051177.
Ouyang J, Yan J, Zhou X, Isnard S, Harypursat V, Cui H, et al. Relevance of biomark-
ers indicating gut damage and microbial translocation in people living with HIV.
Front Immunol 2023;14:1173956. doi:10.3389/fimmu.2023.1173956.
Martinez-Ayala P, Alanis-Sanchez GA, Alvarez-Zavala M, Sanchez-Reyes K, Ruiz-
Herrera VV, Cabrera-Silva RI, et al. Effect of antiretroviral therapy on decreasing
arterial stiffness, metabolic profile, vascular and systemic inflammatory cytokines in
treatment-naive HIV: a one-year prospective study. PLoS One 2023;18:€0282728.
doi:10.1371/journal.pone.0282728.
Lv T, Cao W, Li T. HIV-related
current understanding and strategies. J Immunol Res
doi:10.1155/2021/7316456.

Viskovic K, Zidovec-Lepej S, Gorenec L, Grgic I, Lukas D, Zekan S, et al. Cardiovas-
cular markers of inflammation and serum lipid levels in HIV-infected patients with
undetectable viraemia. J Int AIDS Soc 2014;17:19548. doi:10.7448/1AS.17.4.19548.
Elahi S, Weiss RH, Merani S. Atorvastatin restricts HIV replication
in CD4+ T cells by upregulation of p2l. AIDS 2016;30:171-83.
doi:10.1097/QAD.0000000000000917.

Kentoffio K, Temu TM, Shakil SS, Zanni MV, Longenecker CT. Cardiovascular
disease risk in women living with HIV. Curr Opin HIV AIDS 2022;17:270-8.
doi:10.1097/COH.0000000000000756.

immune activation and inflammation:
2021;2021:7316456.


https://doi.org/10.1371/journal.pone.0215620
https://doi.org/10.3390/v15061330
https://doi.org/10.1111/j.1468-1293.2008.00685.x
https://doi.org/10.1016/j.tips.2021.10.004
https://doi.org/10.1016/j.ijcard.2015.07.052
https://doi.org/10.1186/s12879-018-3268-5
https://doi.org/10.1097/QAD.0000000000002541
https://doi.org/10.1089/AID.2022.0050
https://doi.org/10.3389/fnut.2022.976744
https://doi.org/10.4103/1119-3077.212444
https://doi.org/10.3851/IMP2724
https://www.eacsociety.org/media/guidelines-11.1_final_09-10.pdf
https://doi.org/10.1007/s11904-022-00600-6
https://doi.org/10.1111/hiv.12530
https://doi.org/10.1371/journal.pgph.0000224
https://doi.org/10.1177/2048004017740478
https://doi.org/10.1097/QAD.0000000000002811
https://doi.org/10.3390/jcm10163456
https://doi.org/10.1186/s12944-017-0503-9
https://doi.org/10.1007/s10156-011-0275-5
https://doi.org/10.18502/fid.v16i6.3443
https://doi.org/10.1136/bmjopen-2015-010998
https://doi.org/10.3390/nu15051177
https://doi.org/10.3389/fimmu.2023.1173956
https://doi.org/10.1371/journal.pone.0282728
https://doi.org/10.1155/2021/7316456
https://doi.org/10.7448/IAS.17.4.19548
https://doi.org/10.1097/QAD.0000000000000917
https://doi.org/10.1097/COH.0000000000000756

	Changes in the lipid profile in people with HIV after one year of antiretroviral therapy - the significance of immune parameters
	Introduction
	Materials and methods
	Study design
	Assessments
	Statistical analysis

	Results
	Study population
	CD4 and lipid profiles
	ART and lipid profile
	TAF/ tenofovir disoproxil (TDF)
	Bictegravir (BIC)/ dolutegravir (DTG)/ elvitegravir (EVG)

	Sex
	HCV/HBV coinfection

	Discussion
	Conclusion
	Declarations of competing interest
	Funding
	Ethics approval
	Author contributions
	References


