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A systematic review assessing the association
of inflammatory markers with kidney
dysfunction in people living with HIV
on highly active antiretroviral therapy
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Abstract

Monitoring chronic diseases, particularly kidney disorders, in people living with HIV (PLWH) is of paramount
importance. Here, a systematic search was conducted across electronic search engine and databases like
PubMed, Scopus, and Google Scholar, from date of inception until December 2023, to identify pertinent studies
reporting on any association between inflammation and kidney function in PLWH. Only six clinical studies in
peer-reviewed journals met the inclusion criteria, involving 1467 participants aged 37 to 51, with approximately
17% being females. The report emphasizes the potential impact of highly active antiretroviral therapy (HAART)
on kidney function in PLWH, highlighting the significance of monitoring inflammation markers as indicators

of kidney function, even when HAART is effective. Acknowledging study limitations, particularly the scarcity of
relevant research, the findings highlight a need for more research to inform on clinical guidance to optimize
HIV management, particularly regarding kidney health and HAART regimens. Although very limited studies were
evaluated, the study lays an important foundation for future research to uncover the complex relationship between
HAART, inflammation markers, and kidney health in PLWH.
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Introduction

Highly active antiretroviral therapy (HAART) has
become the cornerstone of treatment for people liv-
ing with HIV (PLWH) [1]. HAART typically consists of
a combination of drugs, incorporating two nucleoside/
nucleotide reverse transcriptase inhibitors (NRTIs) and a
non-nucleoside reverse transcriptase inhibitor (NNRTI),
boosted protease inhibitor, or an integrase strand trans-
fer inhibitor [2]. Commonly, two NRTIs, tenofovir diso-
proxil fumarate (TDF) and emtricitabine (FTC), together
with efavirenz (EFV) are some of the prominently used
HAART regimens [3]. The prominent role of HAART is
to maximize viral suppression, thereby reducing HIV-
associated morbidity and mortality, ultimately leading
to immune function recovery, extended lifespans, and
improved quality of life [1]. While the benefits of HAART
on viral control and immune restoration are well-estab-
lished [4], this therapeutic approach is not without its
limitations and potential consequences, particularly con-
cerning kidney function [5].

The kidneys, with their functional units called neph-
rons, are pivotal in maintaining the body’s homeosta-
sis through processes like glomerular filtration, tubular
secretion, and tubular reabsorption. Moreover, they are
instrumental in the metabolism and excretion of drugs,
rendering them vulnerable to the adverse effects of
pharmaceutical agents [6]. Notably, some antiretrovi-
ral drugs, including TDEF, exert their detrimental effects
on the kidneys through mechanisms involving oxidative
stress and inflammation [7, 8]. In the context of PLWH,
chronic inflammation has been implicated in the patho-
genesis of kidney dysfunction [9]. It also remains relevant
to further explore the relationship between inflammation
and kidney health [9, 10]. Despite the considerable body
of research on HAART [11-13], there remains a notable
gap in our understanding of the negative influence of this
treatment regimen on kidney function, especially in the
presence of inflammation.

Emerging data progressively scrutinizes available lit-
erature for prognostic value of pro-inflammatory mark-
ers for diverse medical conditions [14—16]. These include
biomarkers such as tumor necrosis factor (TNF)-a, high
sensitivity C-reactive protein (hs-CRP), interleukin (IL)-
IL-6 and IL-1, as well as circulating adipokines like adi-
ponectin, visfatin and resistin to detect increased risk
of disease development [14—16]. In fact, pro-inflamma-
tory markers, such as elevated levels of IL-6 or hs-CRP,
can serve as early indicators of systemic inflammation,
a common precursor to kidney damage in PLWH [17,
18]. Monitoring these markers can provide valuable tool
into the progression of kidney disease, enabling timely
interventions to mitigate the risk of renal complications.
This approach can significantly improve the long-term
health and quality of life for PLWH, which highlights
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the importance of the current systematic review. Beyond
contributing to knowledge on the existing link between
the pathogenesis of inflammation and the development
of kidney dysfunction, this comprehensive analysis of
existing literature may guide potential interventions, ulti-
mately ensuring the long-term well-being of PLWH.

Methodology, including literature search and
study selection

The Preferred Reporting Items for Systematic reviews
and Meta-Analysis (PRISMA) guidelines were followed
to prepare the current systematic review [19]. However,
the meta-analysis was not performed for this report.
Supplementary file 1 provides a PRISMA checklist for
this systematic review. The systematic review does not
have a registered protocol, but online registries like
International Prospective Register of Systematic Reviews
(PROSPERO) were thoroughly searched to eliminate
duplication of results.

Literature search strategy

In order to identify relevant clinical studies, a system-
atic search was conducted across major electronic search
engines and database, including PubMed, Scopus, and
Google Scholar. In fact, the search strategy was devel-
oped using a set of keywords and Medical Subject Head-
ings (MeSH) such as “inflammation’, “kidney’, “Highly
Active Antiretroviral Therapy” and “HIV” (Supplemen-
tary file 2). This search included the most relevant syn-
onyms and keywords. The literature search was run from
date of inception until end of December 2023. A man-
ual search of reference lists of included was conducted
to obtain any additional relevant studies. No language
restrictions were applied in the search strategy, whereas
EndNote version 10 (Clarivate Analytics, Philadelphia,
United States of America) was used to efficiently manage
the reference list, especially to remove duplicated studies.

Study inclusion and exclusion criteria

This systematic review included clinical studies reporting
on the link between inflammation or pro-inflammatory
markers and kidney function in adults (>18 years) liv-
ing with HIV. Importantly, included studies were those
assessing the use of HAART, also containing the com-
parison group on placebo, and all studies reported on
measurable inflammation or kidney function indices
in PLWH. In vitro cell culture or animal studies were
excluded, as well as studies without an accurately defined
study population. The following populations, interven-
tions/exposure, comparators, outcomes (PICO/PECO)
were used:

P: PLWH on HAART
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I/E: Levels of inflammatory biomarkers (in PLWH on
HAART)

C: PLWH not on HAART or treatment naive individuals
O: Markers/indicators of renal function

Data extraction and assessment of the quality of evidence
Two reviewers independently evaluated all relevant
articles and carefully selected those that were appropri-
ate. Inconsistencies were resolved by consulting a third
reviewer. The primary focus of the study was to deter-
mine the prognostic value of inflammation or pro-inflam-
matory makers in PLWH with or at risk of developing
kidney dysfunction. Mainly, to also to evaluate whether
HAART contributes to deteriorated kidney dysfunction
by affecting inflammatory markers in PLWH. To achieve
this, relevant data items were extracted, including name
of author and year of publication, type of study, the coun-
try where the study was conducted, sample number and
gender distribution, the type and duration of HAART, as
well as the main outcomes. Information on patient char-
acteristics including race or ethnicity, cluster of differen-
tiation 4 (CD4+) count and viral load as well as assessed
markers of inflammation and renal function were also
obtained (Supplementary file 3). Additional characteris-
tics including information on smoking status, co-infec-
tions and cardiometabolic conditions are provided in a
subsequent table (Supplementary file 3). Furthermore,
two reviewers independently used the Downs and Black
checklist to assess the quality of included studies, which
is suitable for both randomised and non-randomised
studies [20]. Any divergences were resolved by consulting
the third reviewer.

Results

Study selection

A total of 359 studies were identified and screened for
suitability, with 355 records chosen through precise data-
base searching, and four articles recovered through other
sources. Only six studies met the inclusion criteria, as
shown in Fig. 1. All included studies were clinical stud-
ies reporting on the potential link between modulation of
inflammation and kidney function in PLWH on HAART.

Characteristic features of included studies

All included studies were published between 2010 and
2019, and the characteristic features for all articles are
showed in Table 1. In total, studies contained 1467 par-
ticipants with an average age between the age of 37 and
51 years, with at least 17% of participants recorded as
females. Different HAART regimens ranged from the
use of NNRTIs or NRTIs, specifically composing of TDE/
FTC / EFV, with some receiving it in combination with
raltegravir (RAL), TDF or abacavir-lamivudine, and
even sometimes switching to dolutegravir monotherapy
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(Table 1). Treatment duration ranged from 6, 12, 18 and
up to 24 months (Table 1). In terms of country distri-
bution, these studies were predominantly based in the
United States, with each of France and the Netherlands
having one study each (Table 1). There was an even dis-
tribution of racial groups among the included studies,
mainly including Black and White as well as Hispanic
and Latino as predominant ethnic groups (Table 1). The
average CD4+count ranged between 236 and 657 cells/
pL (Supplementary Table 1). The viral load was at unde-
tectable levels (<50 copies/mL) in five studies and at low
level (<400 copies/mL) in one study (Supplementary
Table 1). Not all studies reported basic characteristics
such as cardiometabolic conditions due to the exclusion
criteria [28—-28, 31]. Predominant cardiometabolic condi-
tions in other studies included diabetes (range from 3 to
14%), hypertension (range from 17 to 37%) and dyslipid-
emia (range from 13 to 37%) (Supplementary Table 2).

Quality assessment

All the studies were rated as having good quality evi-
dence, with their scores ranging from 21 to 24, out of
28 total scores. Based on the different domains, over-
all, there was an excellent reporting bias as indicated by
mean score of 11 out of 11 possible scores. The studies
had overall good external validity, with a mean score of
2 out of 3 possible scores and overall good internal valid-
ity with a mean of 5 out of 7 possible scores. The overall
selection bias was also rated as good, with mean score
of 4 out of 6 possible scores. All studies had good power
(=90%) indicating that these studies had no type 2 error,
as supported by a mean score of 1 (0—1) and Cohen’s
Kappa value of 1.00 (Supplementary file 4).

An overview of clinical evidence linking
inflammation with kidney dysfunction in PLWH on
HAART

Table 1 gives an overview of clinical evidence high-
lighting the significance of HAART regimen selection
in PLWH. Neuhaus and colleagues [21], as part of the
Strategies for Management of Anti-Retroviral Therapy
(SMART) trial [22], reported on the persistently elevated
levels of pro-inflammatory and coagulation markers
that correlated with a decline in renal indices in PLWH
receiving NNRTIs, or reverse transcriptase inhibitors
(NRTTIs) for 18 months. Here, it was specifically shown
that biomarkers like hs-CRP, IL-6, D-dimer, and cystatin
C were significantly raised in PLWH, even after achieving
viral suppression through antiretroviral therapy (Table 1).
Furthermore, these markers were significantly elevated
after adjusting for a range of confounders [26]. Ozanne
and colleagues [33] further observed significant asso-
ciation between inflammatory marker soluble chronic
immune activation and senescence (soluble- CIADIS)
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Fig. 1 A flow diagram showing study selection and inclusion criteria

weighted score and eGFR<60 mL/min/1.73m? adjusted
for age, sex, tenofovir use and having two or more non-
HIV-related comorbidities in PLHIV receiving vari-
ous HAART combinations. Consistently, Gupta and
colleagues [23] showed that urine protein: creatinine
ratio (uPCR) and eGFR correlated with inflammation in
PLWH receiving abacavir-lamivudine/ TDE/ FTC plus
EFV or ritonavir-boosted atazanavir (AT V/r) for up to 24
months. In a parallel effort, both studies by Shinha and
co-workers [24] or Ozanne and colleagues [24] supported
the notion that elevated levels inflammation is consis-
tent with rapid decreased in renal function in PLWH on
HAART. Here, inflammation was associated with raised
levels of biomarkers for kidney dysfunction, including

urine interferon gamma inducible protein 10 and beta-2
microglobulin (B2M), together with reduced eGFR in
PLWH receiving dual regimes including two NRTIs plus
one ritonavir boosted protease inhibitor or NNRTIs
(Table 1).

However, opposing results were reported, where an
association between inflammation and kidney dysfunc-
tion in PLWH on HAART was demonstrated by Wijting
and colleagues [25]. Here, they explored the conse-
quences of switching from TDF to dolutegravir based
therapy, with results indicating that switching is linked
with improvements in kidney function and inflamma-
tory markers, including CRP and the T-cell-ratio, which
remained stable for these participants. The summary of
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Table 1 Clinical studies reporting on the potential association of inflammation with kidney dysfunction in people living with HIV
(PLWH) on highly active antiretroviral therapy (HAART)

Reference  Country Type  Study population, Race/ethnicity Intervention, including Main outcomes
of including age HAART regimen and
study treatment duration
Neuhauset  United States Ran- PLWH on HAART In the 33-44 Received non-nucleo- Biomarkers of inflammation like
al, 2010 [21] dom-  (n=287) from the years age group, side reverse transcrip- high sensitivity-C reactive protein
ized Strategies for Man-  the SMART study tase inhibitor (NNRTIs), (hs-CRP) and interleukin (IL)-6, as
Con-  agement of Anti- consisted mostly  or reverse transcriptase  well that of kidney dysfunction
trolled  Retroviral Therapy of Black (55.4%) inhibitors (NRTIs) for 18 (cystatin C) were consistently raised
Trial (SMART) study [22], and CARDIA study  months in PLWH, despite HAART
with an average age mostly of White
of 40 years (28% (52.4%). In the
female) 45-76 years age
group, the SMART
study consisted
mostly of Black
(49.2%), and MESA
study consisted
mostly of White
(43.3%)
Guptaetal, United States Ran- PLWH on HAART Consisted mostly  Received tenofovir The decline in renal function was
2013 [26] dom-  (n=30), with an of Black (53% (TDF)/ emtricitabine associated with reduction in total
ized average age of 38 and 67% for the (FTC) / efavirenz (EFV) cholesterol, hs-CRP, serum alkaline
Con-  vyears (13% female)  continuationand  continued versus a phosphatase, sCD14 levels in the
trolled switch groups, group that switched to  switching group compared with
Trial respectively) TDF/FTC plus raltegravir  the continuation group. While the
(RAL) at 400 mg twice sCD163 levels significantly increased
daily and monitored up  in the switching group
to 6 months
Guptaetal, United States Ran- PLWH on HAART Consisted mostly  Received abacavir-la- Estimated glomerular filtration rate
2015 [23] dom-  (n=269) which is of White non- mivudine/ TDF/FTC plus  (eGFR), using cystatin C-creatinine,
ized part of previous Hispanics (47%) EFV or ritonavir-boosted  urine protein: creatinine ratio (UPCR),
Con-  report [27], withan  and Hispanics atazanavir (ATV/r) forup  and urine albumin: creatinine ratio
trolled  average age of 38 (33%) to 24 months (UACR) was correlated with markers
Trial years (14% female) of systemic inflammation prior to
HAART. However, uPCR and eGFR re-
mained significantly correlated with
most of the assessed inflammatory
markers even after HAART
Shinhaetal, United states Ob- PLWH on HAART Consisted mostly ~ Received TDF/FTC/EFV  Urine interferon gamma inducible
2015 [24] serva-  (n=30), with an of Black (60%). All  as their initial regimen protein 10 and Beta-2 microglobulin
tional  averageageof37  were of non- for at least 12 months (B2M) were significantly after receiv-
study  years (10% females)  Hispanic or Latino ing HAART
ethnic origin
Ozanne et France Ob- PLWH on HAART Not reported Received dual re- Increased inflammation (high
al, 2017 [28] serva-  (n=756), with mean gimes including two CIADIS weight score) was associated
tional  age of 51 years (24% NRTIs +one ritonavir with rapid decreased in renal func-
study  female) boosted protease inhibi-  tion in confirmed eGFR <60 mL/
tor or NNRTIs, and others min/1.73m?
for at least 24 months
Wijting et al, Netherlands Ran- PLWH on HAART Consisted mostly ~ Received TDF-based In patients on prior TDF, proteinuria
2019 [25] dom-  (n=95), with an of Caucasian regimen and switched improved, but proximal tubular
ized average age of 46 (82.1%) to dolutegravir mono- dysfunction proportions did not
Con-  years (12%) therapy and monitored  change. However, serum inflamma-
trolled for up to 12 months tion parameters such as CRP and

Trial

T-cell-ratio remained stable
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the overall analysis of our data is provided in Fig. 2, below
the main table. Briefly, the data shows that HIV is asso-
ciated with high levels of inflammation as demonstrated
by as demonstrated by elevated levels of IL-6, IL-8 or
hs-CRP and these inflammatory markers have a strong
association with markers of kidney dysfunction including
high cystatin C, proteinuria and low eGFR, as shown in
Fig. 2 below Table 1.

Discussion

There is a growing interest in understanding the poten-
tial influence of HAART regimens on renal function [29],
especially after prolonged use [30]. This underscores the
importance of reviewing clinical evidence to inform in
guiding treatment decisions for PLWH. Here, we provide
a comprehensive overview of clinical evidence reporting
on the association of some inflammation markers with
kidney dysfunction in PLWH on HAART. The quality
assessment of included studies showed a good interrater
reliability which affirms the consistency and agreement
between the independent reviewers, thus strengthening
the overall results of the review.

Chronic inflammation understandably refers to long-
lasting and persistent low-level immune activation,
which can contribute to various health issues, includ-
ing kidney dysfunction [31]. On other hand, systematic
inflammation, can involve a more acute and systematic
response by the immune system, often in response to
infections or injuries. Both forms of inflammation are
persistent in PLWH, with contradicting evidence reports

#
3% g HIVinfection (J/12LUPRERIO
@

\
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on the effects of HAART on modulating the inflamma-
tory status in these patients. For example, it has been
suggested that viral suppression with the use of HAART
improve inflammatory status and the overall human
health in PLWH [32], while others have reported on the
detrimental effects associated with constant exposure
to HIV [33-35]. This has emphasized the importance of
monitoring and addressing this persistent inflammatory
response in PLWH. Data from the current systematic
review supports the notion that persistently elevated pro-
inflammatory response and coagulation markers like hs-
CRP and IL-6 is present in PLWH, even after achieving
viral suppression through HAART. Consequently, such
results are correlated with elevated biomarkers signal-
ing a decline in renal function in these patients, includ-
ing cystatin C, B2M, proteinuria as well as reduced eGFR.
These findings highlight the importance for continu-
ously monitoring PLWH for levels of pro-inflammatory
markers, especially hs-CRP and IL-6, as a potential cor-
relate of the status of kidney function, irrespective of
their HAART regimen. The levels of inflammation are
also elevated and associated with proteinuria, albumin-
uria and reduced renal function prior and after HAART
initiation [28]. The findings highlight the complex inter-
play between HIV, inflammation and renal disease with
HIV having a direct effect of inducing an inflammatory
state and the development of renal pathologies. These
elevated levels of inflammatory markers associated with
renal function decline and can have significant clinical
implications, including determining the risk of kidney

: Glomerular & tubular
' injury

v T Serum cystatin C

T Proteinuria

suppression)

PERSISTENT INFLAMMATION (despite viral

leGFRor T creatinine
clearance
T B2M excretion

sTNFRII, CD4:CD8 T cell ratio

TIL-6, IL-8, hs-CRP, MCP-1, IP-10, STNFRI,

Chronic kidney disease

Fig. 2 In people living with HIV (PLWH), inflammation persist despite viral suppression. The overall analysis of our data suggests that HIV may induce a
pro-inflammatory state and treatment with highly active antiretroviral therapy (HAART) overtime exacerbates inflammation, as demonstrated by elevated
levels of inflammatory markers such as interleukin-6 (IL-6), interleukin-8 (IL-8) or high-sensitivity C-reactive protein (hs-CRP). Consequently, these elevated
inflammatory markers are associated with markers of renal function decline such as high cystatin C, proteinuria, reduced estimated glomerular filtration
rate, beta-2 microglobulin and subsequently leading to chronic kidney disease in PLWH on HAART. The figure was created with BioRender.com.
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disease progression in PLWH. Moreover, the use of these
pro-inflammatory markers may provide new diagnostic
tool to predict adverse renal outcomes while serving as
potential therapeutic targets for interventions. Manag-
ing inflammation is increasingly becoming a single most
importance feature to mitigate the adverse effects associ-
ated with kidney dysfunction in PLWH.

The findings by Wijting and colleagues [25] provide a
generally different outlook on the potential effect of some
HAART regimens, indicating potentially that switching
from TDF to dolutegravir could improve kidney func-
tion and inflammatory status in PLWH. These findings
are of interest since ongoing research has emphasized
the toxic effects of TDF on proximal tubular cell injury in
different populations of PLWH [36-38], whereas dolute-
gravir plus lamivudine are advocated for their safety and
more potency in terms of improving health outcomes in
PLWH [39, 40]. Interestingly, a recent systematic review
and meta-analysis did not note significant changes in
inflammatory or atherogenesis biomarkers PLWH after
switching to dolutegravir plus lamivudine, highlighting
the intricate dynamics between specific antiretroviral
drug regimens and their profound effects on inflamma-
tory status or renal health in PLWH [41]. Certainly, the
choice of HAART regimen plays a pivotal role in shaping
health outcomes, significantly influencing kidney func-
tion, inflammatory markers, and other critical aspects of
well-being for individuals living with HIV. These results
emphasize the importance of optimizing the manage-
ment of individuals living with HIV to improve their
clinical outcomes, particularly concerning kidney health.
Replacing TDF with dolutegravir may be an effective
treatment option to improve the inflammatory status and
preserve the renal function of PLWH. This will certainly
improve the quality of life of PLWH and lower the burden
of disease and healthcare costs, especially in resource-
limited settings.

Strengths and limitations

The primary limitation of the review stems from the pau-
city of available literature, as only six clinical studies met
the inclusion criteria. Furthermore, all included stud-
ies were conducted in Western countries with no single
study from Africa, which limits the generalizability of
the findings. We acknowledge the importance of evaluat-
ing the prognostic significance of inflammatory markers,
however the limited data summarized makes it difficult
to specifically leads to the elevated inflammation dis-
cussed, restricting a broader analysis. For example, it is
acknowledged that chronic kidney disease and HIV are
frequently linked to heightened inflammation within the
body [42, 43]. Also, it has been reported that HAART can
exacerbate this inflammatory condition [35]. Thus, future
research is essential to determine whether the status of
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kidney disease or worsened condition of HIV could be
the significant factors driving inflammation rather than
HAART. We also knowledge the variation in the stud-
ied populations of included studies as a potential bias, as
there are some studies which included PLWH with car-
diometabolic conditions and lifestyle factors like smoking
whereas others have excluded individuals with these spe-
cific conditions. This may possibly have contributed to
differences in inflammation and renal outcomes among
included studies. Although the current review provides
a comprehensive analysis of the association of inflamma-
tion with kidney function and HAART in PLWH.

Conclusion and future perspectives

The report presents a comprehensive exploration of
clinical evidence regarding the association of pro-inflam-
matory markers with kidney dysfunction in PLWH on
HAART. The results indicated that raised pro-inflamma-
tory markers may potentially signal kidney dysfunction
in PLWH, despite the effectiveness of HAART. However,
the report does acknowledge certain limitations. It recog-
nizes the presence of conflicting evidence on the effects
of HAART on inflammation in PLWH, introducing an
element of uncertainty into treatment decision-making.
Moreover, it is important to note that due to a scarcity of
studies meeting the inclusion criteria, a quantitative anal-
ysis was unfeasible, which restrains the capacity to draw
statistically significant conclusions. Despite these limita-
tions, the report underscores the paramount importance
of managing inflammation and selecting appropriate
HAART regimens to improve kidney health in PLWH,
urging for further research and the development of clini-
cal guidelines in this area.

Abbreviations

ATV/r Ritonavir-boosted atazanavir

B2M Beta-2 microglobulin

CD4+ Cluster of differentiation 4

CRP C-reactive protein

EFV Efavirenz

eGFR estimated glomerular filtration rate

FTC Emtricitabine

HAART Highly Active Antiretroviral therapy

HIV Human immunodeficiency virus

hsCRP high sensitivity C-reactive protein

IL-1 Interleukin-1

IL-6 Interleukin-6

IP-10 interferon-y-induced protein-10

NRTIs Nucleoside reverse transcriptase inhibitor

NNRTIs Non-nucleoside reverse transcriptase inhibitors

PLWH People living with human immunodeficiency virus

PRISMA Preferred Reporting Items for Systematic Reviews and
Meta-Analyses

PROSPERO  International Prospective Register for Systematic Reviews

RAL Raltegravir

RTls Reverse transcriptase inhibitors

sCD14 soluble cluster of differentiation-14, sCD163:soluble cluster of
differentiation-163

STNFRI soluble tumor necrosis factor-a receptor |

STNFRI soluble tumor necrosis factor-a receptor Il

SMART Strategy for Management of Anti-retroviral Therapy
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TAF Tenofovir alafenamide fumarate
TDF Tenofovir disoproxil fumarate
TNF-a Tumour necrosis factor-a

uACR urine albumin: creatinine ratio
uPCR urine protein: creatinine ratio
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