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Abstract

Introduction

Approximately 39.9 million people are living with HIV worldwide, most in sub-Saharan
Africa. Effective antiretroviral therapy has shifted attention to metabolic comorbidities,
and emerging evidence links integrase inhibitors such as dolutegravir to elevated
serum uric acid, yet the global burden of hyperuricemia and gout in this population is
unquantified.

Methods and analysis

This protocol describes a systematic review and meta-analysis of observational stud-
ies (cross-sectional, cohort, and case-control) published from inception to May 2026.
We will search PubMed/MEDLINE, EMBASE, Web of Science, and CINAHL. Studies
involving adults (218 years) living with HIV that report the prevalence or incidence

of hyperuricemia or gout will be included. Two independent reviewers will screen
studies, extract data, and assess risk of bias using the Joanna Briggs Institute Prev-
alence Critical Appraisal Checklist and the Newcastle-Ottawa Scale (NOS). Primary
outcomes are the pooled prevalence of hyperuricemia and gout in PLHIV. Secondary
outcomes include risk factors associated with urate dysregulation (ART regimen,
Cluster of Differentiation 4 [CD4] count, viral load, metabolic comorbidities, and HIV
duration), and gout as an immune reconstitution inflammatory syndrome (IRIS) man-
ifestation. A random-effects meta-analysis using the DerSimonian-Laird method with
Freeman-Tukey double-arcsine transformation for prevalence data will be performed
in R software. Heterogeneity will be assessed using the I? statistic and Cochran’s Q
test. Subgroup analyses will explore variation by ART class (pre-ART, Pl, NNRTI,
INSTI/dolutegravir era), geographic region, CD4 category, and study quality.
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Introduction

Globally, approximately 39.9 million people were living with HIV (PLHIV) as of 2023,
with sub-Saharan Africa bearing over 65% of the world’s HIV burden [1,2]. The
sustained scale-up of antiretroviral therapy (ART) has transformed HIV from a near-
uniformly fatal infection into a chronic, manageable condition, dramatically extending
life expectancy in affected populations [3,4]. However, longer survival has exposed
a new epidemiological layer: the rising burden of non-communicable comorbidities
driven by persistent immune activation, chronic inflammation, and ART-related meta-
bolic toxicities. Among these, urate dysregulation which involves both hyperuricemia
and gout; its principal clinical manifestation, is emerging as an under-recognized but
clinically important comorbidity in PLHIV [5—7], consistent with genetic evidence that
metabolic traits, including triglycerides and HDL cholesterol, are causally associated
with serum uric acid and gout risk [8].

Gout is the most common inflammatory arthritis globally, with a pooled worldwide
prevalence of approximately 1-4% in the general adult population and an increas-
ing burden in low- and middle-income countries (LMICs) [9]. It arises from chronic
monosodium urate crystal deposition in joints and periarticular tissues, driven pri-
marily by sustained hyperuricemia [10]. In PLHIV, multiple pathophysiological mech-
anisms converge to elevate serum uric acid: (i) increased purine turnover resulting
from accelerated lymphocyte apoptosis and viral replication; (ii) impaired renal urate
excretion secondary to HIV-associated nephropathy and ART nephrotoxicity; and (iii)
direct uricogenic effects of specific ART agents, particularly ritonavir-boosted prote-
ase inhibitors, stavudine, and didanosine [5-7].

More recently, dolutegravir-based regimens, now the WHO-recommended
backbone for first-line ART globally, have been associated with hyperuricemia in
several sub-Saharan African cohorts, raising important questions about metabolic
monitoring protocols in the post-tenofovir era [5-7]. In Uganda, a cross-sectional
study at Kiruddu National Referral Hospital identified a hyperuricemia prevalence of
21.3% among PLHIV on predominantly dolutegravir-based regimens [7]. In Ethio-
pia, multi-centre data documented a prevalence as high as 46.5% among those on
dolutegravir-based first-line ART [5]. These rates substantially exceed those reported
in HIV-negative general populations in the same regions, signalling a population-
specific risk that demands systematic quantification.

Gout in PLHIV presents additional clinical complexity. The only published
case-control study specifically designed to measure gout prevalence in an HIV
cohort, conducted in Brighton, United Kingdom, identified a point prevalence of 2.2%,
substantially higher than the estimated 1.0% in the general adult UK population with
hypertension conferring a nearly five-fold increased risk [11]. Ritonavir-boosted prote-
ase inhibitor use was established as a risk factor as early as 2005, with an odds ratio
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of 22 in a retrospective London cohort [12]. Gout has also been described as a rare but distinct manifestation of immune
reconstitution inflammatory syndrome (IRIS) following ART initiation, presenting as severe polyarticular flares in the con-
text of Cluster of Differentiation 4 (CD4) recovery [13,14].

Primary studies of urate dysregulation in PLHIV remain few and heterogeneous. Reports from Africa, Asia, and the
Americas describe hyperuricemia and gout frequencies ranging from under 1% to over 40%, reflecting differences in study
populations, ART regimens, biochemical thresholds, and geographic context [5—7,15—-18]. Documented gout rests largely
on small case series and individual case reports, the studies rarely stratify by ART class, and few are from sub-Saharan
Africa. Despite this growing literature, no systematic review or meta-analysis has pooled these estimates, examined
the sources of heterogeneity, or synthesized the risk-factor landscape. This gap undermines the development of clinical
monitoring guidelines for urate dysregulation in PLHIV, particularly in sub-Saharan Africa, where dolutegravir-based ART
is now universal, rheumatology services are severely limited, and gout is often misdiagnosed as septic or reactive arthritis
[19,20]. Because dolutegravir-based regimens are now the World Health Organization preferred first-line therapy globally,
an integrase-inhibitor uric acid signal would carry implications well beyond sub-Saharan Africa, including high-income
settings where gout prevalence is already high. A preliminary search of PROSPERO, the Cochrane Database of System-
atic Reviews and MEDLINE (via PubMed) identified no completed or ongoing systematic review on hyperuricemia or gout
among people living with HIV.

Existing reviews of metabolic complications in people living with HIV concentrate on dyslipidemia, insulin resistance,
and weight gain and do not synthesize urate outcomes. Urate dysregulation merits separate synthesis because it follows
a distinct mechanism involving renal and intestinal urate handling and purine metabolism, carries a specific and modifiable
drug signal centred on integrase inhibitors, sits outside standard ART monitoring, and is clinically actionable through an
inexpensive assay and treatable disease. A dedicated synthesis is therefore needed to guide monitoring policy.

This protocol describes a systematic review and meta-analysis that will, for the first time, synthesize the global evi-
dence on the prevalence of hyperuricemia and gout in PLHIV, examine how ART class influences urate dysregulation, and
identify clinical and demographic correlates that clinicians can use to identify at-risk patients. By framing hyperuricemia
and gout under a unified framework of urate dysregulation, we recognize that both conditions exist on a pathophysio-
logical continuum and that their combined synthesis is necessary to fully characterize the burden and to inform rational
management strategies. Findings will be particularly relevant to clinical practice in sub-Saharan Africa, where the intersec-
tion of HIV, dolutegravir-based ART, and metabolic comorbidities creates a growing, underappreciated rheumatological
challenge.

Methods

This protocol has been drafted in accordance with the Preferred Reporting ltems for Systematic Review and Meta-
Analysis Protocols (PRISMA-P) 2015 guidelines [21]. The full PRISMA-P checklist is provided in S2 File. The review was
registered with PROSPERO (CRD420261360734) before the searches were run.

Eligibility criteria

Study design. We will include observational studies using cross-sectional, prospective or retrospective cohort, and
case-control designs that report quantitative data on the prevalence or incidence of hyperuricemia or gout in PLHIV. Case
reports and series with fewer than 10 participants will be excluded. Conference abstracts, reviews, editorials, qualitative
studies, and animal studies will also be excluded. There is no restriction on publication year, language, or geographic
setting.

Participants (P). Adults aged 18 years and above with documented HIV infection, regardless of ART status, CD4
count, WHO clinical stage, or HIV-1 subtype. Studies that mix paediatric and adult populations will be eligible if adult-
specific data can be extracted or if adults constitute 280% of the study population. Where a study includes mixed
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adult and paediatric participants and reports neither the proportion of adults nor adult-specific data, we will contact
the corresponding authors with up to two requests. If usable data are not obtained within four weeks, the study will be
excluded.

Index Condition/Exposure (I). HIV infection, with or without specific ART regimens. We will specifically characterize
the ART class effect by subgrouping studies into: (i) pre-ART/ART-naive era; (ii) protease inhibitor (Pl)-based regimens;
(iii) non-nucleoside reverse transcriptase inhibitor (NNRTI)-based regimens; and (iv) integrase strand transfer inhibitor
(INSTI)-based regimens, particularly dolutegravir. ART exposure will be classified by the regimen the participant was
receiving at the time of serum urate measurement (current regimen). Prior ART history will be extracted where reported.
Studies reporting only initial or sequential regimens will be recorded as such and examined in a sensitivity analysis, and
study populations whose relevant regimen cannot be determined will be excluded from the ART-class stratified analyses.

Comparators (C). For prevalence estimates, comparators are not required but will be recorded where reported:
HIV-negative individuals drawn from the same population, or PLHIV on different ART regimens. For risk factor analyses,
PLHIV without hyperuricemia or gout will serve as the internal comparator group.

Outcomes (O). Primary outcomes:

» Pooled prevalence of hyperuricemia, defined as serum uric acid >7.0 mg/dL (416 ymol/L) in men or >6.0 mg/dL (357
pgmol/L) in women [22,23], or as defined by the individual study with the applied cut-off reported.

» Pooled prevalence of gout, defined by clinical diagnosis, the American College of Rheumatology and the European
Alliance of Associations for Rheumatology (ACR/EULAR) classification criteria, or crystal-confirmed diagnosis.

Eligible studies are expected to define hyperuricemia using varying serum urate thresholds. We will record the exact
threshold and assay reported in each study, apply standard sex-specific cut-offs (>7.0 mg/dL [416 pmol/L] in men and
>6.0 mg/dL [357 pymol/L] in women) as the primary definition, and extract mean or median serum urate where reported so
that prevalence can be re-derived at a common threshold. Gout will be accepted as defined by each study (ACR/EULAR
criteria, physician diagnosis, or crystal confirmation), recorded by ascertainment method. The effect of these threshold
choices is examined in a pre-specified subgroup analysis comparing standard and alternative cut-offs.

Secondary outcomes:

 Risk factors and correlates of hyperuricemia and gout in PLHIV: specific ART agents/classes (protease inhibitors,
dolutegravir, stavudine, didanosine), CD4 count, viral load, duration of HIV infection, duration of ART, metabolic comor-
bidities (hypertension, obesity/overweight, diabetes mellitus, chronic kidney disease, dyslipidemia), and demographic
variables (age, sex).

» Gout as an immune reconstitution inflammatory syndrome (IRIS) manifestation: this will be summarized narratively as a
descriptive case synthesis rather than pooled, given that the available evidence comprises case reports and small case
series.

» Serum uric acid levels (mean/median) in PLHIV versus HIV-negative controls where reported.
Study setting. Any healthcare or community setting globally. Studies from all income settings and geographic regions

will be eligible.

Information sources

The following electronic databases will be searched systematically from inception to May 30, 2026:
1. PubMed/MEDLINE
2. EMBASE (via Elsevier)
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3. Web of Science (Core Collection)
4. CINAHL (Cumulative Index to Nursing and Allied Health Literature)

To supplement electronic database searches, we will: (i) hand-search reference lists of all included studies; (ii) review
reference lists of relevant narrative reviews and book chapters; (iii) search Google Scholar for the first 100 results of a
structured search; and (iv) contact corresponding authors of included studies to identify unpublished or ongoing studies
with available data.

Search strategy

A comprehensive, structured search strategy will be developed for each database in consultation with a trained medical
librarian. Search terms will incorporate Medical Subject Headings (MeSH), Emtree terms, and free-text keywords, com-
bined using Boolean operators (AND, OR, NOT). The strategy will combine two conceptual blocks: (i) HIV/PLHIV, and (ii)
urate dysregulation (hyperuricemia and gout). To manage the anticipated volume of irrelevant records, the primary search
will apply validated “NOT” operators to exclude animal-only studies and non-eligible publication types and screening will
be conducted in Covidence, which uses machine learning-assisted reprioritisation after approximately 50—100 records are
reviewer-classified. An example PubMed search string is provided below; full database-specific search strings are pro-
vided in S1 File.

Example PubMed Search String (See S1 File for all database strings):

(“HIV Infections”[MeSH] OR “HIV’[MeSH] OR “Human Immunodeficiency Virus” OR “PLHIV” OR “people living
with HIV” OR “antiretroviral”) AND (“Hyperuricemia’[MeSH] OR “Gout’[MeSH] OR “Arthritis, Gouty’[MeSH] OR “Uric
Acid’[MeSH] OR hyperuricemia OR hyperuricaemia OR gout OR “gouty arthritis” OR “uric acid” OR “serum urate” OR
“urate dysregulation”)

Study selection

Search results will be exported to Covidence systematic review software (Veritas Health Innovation, Melbourne, Australia)
for automated deduplication. Two independent reviewers (IP, JNO) will screen titles and abstracts against the eligibility
criteria. Full-text articles of potentially eligible studies will be retrieved and assessed independently by the same reviewers
using a standardized inclusion/exclusion checklist. During extraction, overlapping populations and duplicate publications
will be identified by comparing author lists, recruitment sites, and enrolment periods. Where cohorts overlap, the report
with the largest sample or most complete outcome data will be retained, and the basis for each decision will be recorded
in a table of excluded duplicates. Disagreements at both stages will be resolved through discussion or, if unresolved,
adjudication by a third reviewer (KAQO). A PRISMA 2020 flow diagram [24] will document the number of records identified,
screened, assessed for eligibility, and included in the review, with reasons for exclusion at the full-text stage.

Data extraction

Data will be extracted by two independent reviewers (IP and JNO) into a standardized Microsoft Excel form, piloted on five
randomly selected studies before formal extraction commences. Discrepancies will be resolved by consensus or third-reviewer
arbitration (KAO). Where studies report insufficient data, corresponding authors will be contacted by email up to twice over
four weeks. Case-control studies will contribute only to risk-factor and association outcomes, such as the association between
ART class and hyperuricemia, and will not be included in prevalence pooling. The following data items will be extracted:

Study characteristics.

 Author(s), year of publication, country, geographic region (sub-Saharan Africa, South/Southeast Asia, Latin America,
Europe/North America, other)
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+ Study design (cross-sectional, prospective cohort, retrospective cohort, case-control)

« Data collection period, healthcare setting (hospital, community, ART clinic)

» Funding source and conflict of interest disclosures
Participant characteristics.

« Sample size, mean/median age and age range, sex distribution

» HIV clinical stage (WHO staging), median CD4 count and range, proportion virally suppressed

» ART status and specific regimen: naive, on Pl-based, NNRTI-based, or INSTI-based ART

« Duration of HIV infection and ART exposure, comorbidities (hypertension, diabetes, CKD, obesity)
Outcome data.

+ Definition of hyperuricemia applied and sex-specific cut-off values (mg/dL or ymol/L)

« Definition of gout (clinical, ACR/EULAR criteria, crystal-confirmed) and diagnostic method

» Number of participants with hyperuricemia and/or gout; crude prevalence estimate with 95% CI

* Mean/median serum uric acid level and standard deviation/IQR

 Risk factors assessed and adjusted/unadjusted odds ratios (OR) or prevalence ratios (PR) with 95% Cls

» Data on gout as IRIS manifestation: time from ART initiation to gout presentation, joints involved, CD4 recovery

Quality assessment (risk of bias)

Two reviewers will independently assess study quality using validated tools:

» For cross-sectional and cohort studies reporting prevalence data: the Joanna Briggs Institute (JBI) Critical Appraisal
Checklist for Studies Reporting Prevalence Data [25], which evaluates nine domains including sampling frame appropri-
ateness, sample size justification, and validity of the measurement instrument.

» For case-control and cohort studies examining risk factors: the Newcastle-Ottawa Scale (NOS) [26], evaluating selection
of study groups, comparability, and ascertainment of outcome/exposure.

Studies will be classified as low, moderate, or high risk of bias. High-risk-of-bias studies will be retained in the primary
analysis but excluded in sensitivity analyses. Risk of bias will be summarized using traffic-light plots generated in the rob-
vis R package.

Data synthesis and analysis

Primary analysis: Prevalence meta-analysis. Hyperuricemia and gout will be analysed separately, with independent
risk-of-bias assessments, and GRADE certainty ratings. No combined “urate dysregulation” estimate will be generated.
Studies reporting both outcomes will contribute independently to each meta-analysis, with cross-outcome interpretation
limited to the Discussion. Pooled prevalence estimates for hyperuricemia and for gout will be calculated separately as
primary analyses using random-effects models (DerSimonian-Laird method). Prevalence proportions will undergo the
Freeman-Tukey double-arcsine transformation prior to pooling to stabilize variance and correct for boundary effects,
particularly for studies with very high or very low prevalence. Transformed estimates will be back-transformed for
presentation. All analyses will be conducted using the meta and metafor packages in R statistical software (version 4.5.2).
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Secondary analysis: Risk factors and correlates. For studies reporting adjusted odds ratios or prevalence ratios
for specific risk factors (ART class, CD4 count, hypertension, obesity, CKD, duration of ART), we will pool effect estimates
using the generic inverse-variance method within a random-effects framework. Where adjusted estimates are not
available, unadjusted estimates will be used and this limitation noted.

Assessment of heterogeneity. Statistical heterogeneity will be quantified using the I? statistic and tested using
Cochran’s Q test. 12 values will be interpreted as follows: <25% =low heterogeneity, 25-50% = moderate,
51-75% = substantial, and >75% = considerable heterogeneity. When [27] substantial heterogeneity (12>50%) is
identified, we will perform pre-specified subgroup analyses and meta-regression to explore sources
of heterogeneity.

Subgroup analyses. The following pre-specified subgroup analyses will be conducted:

1. ART class era: Pre-ART/ART-naive vs. Pl-based vs. NNRTI-based vs. INSTI (dolutegravir)-based regimens. Where
ART regimen is not reported, classification will be inferred from the WHO first-line ART policy in effect during the study
period and setting (pre-2013, stavudine-containing; 2013—-2018, tenofovir+ NNRTI; 2019 onwards, dolutegravir-based).
Studies with indeterminate ART class will be excluded from this subgroup analysis but retained in the primary pooled
analysis. Sensitivity analyses will compare directly reported versus inferred regimen classifications.

2. Geographic region: sub-Saharan Africa vs. South/Southeast Asia vs. Latin America vs. Europe/North America. A
regional subgroup analysis will be conducted only where at least three studies are available per subgroup; otherwise
regional estimates will be summarized descriptively.

3. CD4 count category: <200 (severe immunosuppression); 200—349 (moderate); 350—499 (mild); 2500 cells/uL (immune
reconstitution range); and not reported. In addition, CD4 measurements will be further stratified by timing relative to
ART initiation: (a) pre-ART CD4 and (b) on-ART CD4 (most recent CD4 while on ART). Where fewer than three studies
contribute per stratum, results will be summarised narratively.

4. Study quality: low/moderate risk of bias vs. high risk of bias.
5. Hyperuricemia definition: standard cut-offs (>7 mg/dL male;>6 mg/dL female) vs. other cut-offs.
6. Setting: high-income vs. low/middle-income countries.

Meta-regression. If a minimum of 10 studies are available for a given outcome, univariable and
multivariable random-effects meta-regression will be performed to explore the influence of continuous moderators
(mean age, median CD4 count, year of data collection, proportion on INSTI-based ART) on heterogeneity in prevalence
estimates.

Sensitivity analysis. Sensitivity analyses will be conducted by: (i) restricting to low/moderate-risk-of-bias studies;
(ii) restricting to studies using standard hyperuricemia cut-off values; (iii) restricting to studies with crystal-confirmed
gout diagnosis; and (iv) leave-one-out analysis to assess the influence of individual studies on pooled estimates. In the
leave-one-out sensitivity analysis, the pooled estimate will be recomputed iteratively with each study omitted in turn. The
resulting estimates and heterogeneity statistics will be compared with the overall estimate to identify any single study that
disproportionately influences the pooled result.

Publication bias

If 10 or more studies are included in a meta-analysis for any single outcome, publication bias will be assessed visually
using contour-enhanced funnel plots to distinguish true publication bias from heterogeneity-driven asymmetry and statis-
tically using Egger’s linear regression test [28]. Trim-and-fill analysis [29] will be used to estimate the potential impact of
unpublished studies on pooled estimates.
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Assessment of certainty of evidence

Two independent reviewers will assess the certainty of the body of evidence for each primary and secondary outcome
using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach [30]. Evidence
certainty will be rated as high, moderate, low, or very low, based on five domains: risk of bias, inconsistency, indirectness,
imprecision, and publication bias. GRADEpro GDT software (Evidence Prime, Hamilton, Canada) will be used to generate
Summary of Findings tables. For prevalence estimates, we will downgrade certainty based on the risk of bias assessment
using the JBI critical appraisal tool.

Study timeline

The anticipated timeline is as follows:
+ PROSPERQO registration: April 2026
» Database searching and deduplication: May 2026

Title/abstract screening: May 2026

Full-text assessment and data extraction: May 2026

Risk of bias assessment: May 2026
« Data synthesis and statistical analysis: June 2026

* Manuscript writing and submission: June 2026

Ethics and dissemination

Ethical approval is not required as the study uses existing published data. Findings will be submitted to a peer-reviewed
journal. Results will be presented at regional rheumatology and HIV related conferences to inform clinical practice and
ART monitoring guidelines in sub-Saharan Africa.

Discussion
Anticipated methodological challenges

Variation in how primary studies define hyperuricemia is the most consequential challenge for this synthesis, because
thresholds differ across laboratories and populations and directly determine the prevalence each study reports. We
address this by recording the exact threshold and assay in every study, applying standard sex-specific cut-offs as the pri-
mary definition, re-deriving prevalence at a common threshold where raw urate values are reported, and testing the effect
of threshold choice in a pre-specified subgroup and sensitivity analysis.

Classifying study populations by ART class is complicated by regimen switching over time, since many cohorts include
participants with prior exposure to several drug classes. We mitigate this by classifying exposure according to the regimen
in use at the time of serum urate measurement, recording prior ART history, examining studies that report only initial or
sequential regimens in sensitivity analysis, and excluding from the ART-class analyses any population whose relevant reg-
imen cannot be determined.

The evidence base for sub-Saharan Africa and for longitudinal designs is likely to be thin, which constrains both
regional subgroup analysis and causal inference. We will conduct a regional subgroup analysis only where at least
three studies are available per subgroup, summarize sparser regions descriptively, and interpret associations cautiously
because most contributing studies will be cross-sectional and clinic-based and therefore subject to selection and reporting
bias.
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Publication bias is a further concern, since hyperuricemia is frequently a secondary endpoint that may be reported
selectively. Where ten or more studies contribute to an outcome, we will assess funnel plot asymmetry, apply Egger’s test,
and use trim-and-fill to estimate the potential influence of unpublished data.

Clinical and policy relevance

A confirmed and ART-modifiable burden of urate dysregulation would have one immediately actionable implication, namely the
integration of serum uric acid measurement into routine ART follow-up, in the same way that serum creatinine and lipids are
already monitored during antiretroviral care [31]. Recognizing gout as a possible manifestation of immune reconstitution inflam-
matory syndrome carries a second practical implication, since acute polyarticular presentations after ART initiation may be
misattributed to septic arthritis and treated with unnecessary antibiotics, hospitalization, and ART interruption in resource-limited
settings [13,14]. Whether the hyperuricemia threshold that should prompt intervention in PLHIV differs from the general-population
threshold, and whether urate-lowering therapy reduces gout flares, cardiovascular events, and renal progression in this group, are
questions this review can frame but not resolve, and they define a clear agenda for prospective comparative studies.

Strengths and limitations

The principal strength of this review is its comprehensive global scope and its status as the first meta-analytic synthesis
of urate dysregulation in PLHIV, with hyperuricemia and gout treated under a single framework so that subgroup analyses
by ART class address the most clinically actionable question in the dolutegravir era. The main limitations are anticipated
rather than observed and follow from the evidence base. Between-study heterogeneity in definitions, regimens, and
settings is expected to be high, most studies are likely to be cross-sectional and clinic-based, and hyperuricemia data are
often secondary endpoints with incomplete reporting. The planned harmonization, subgroup, sensitivity, and small-study-
effect analyses are designed to characterize and, where possible, reduce the impact of these limitations, and all pooled
estimates will be reported with explicit measures of uncertainty.

Conclusion

Urate dysregulation (hyperuricemia and gout) is an emerging and under-quantified metabolic comorbidity in PLHIV that

is mechanistically linked to HIV-related immune activation, viral purine turnover, and direct ART-mediated effects on renal
urate handling. The shift to dolutegravir-based ART as the universal first-line regimen in sub-Saharan Africa creates a

clear need to characterize the current burden of hyperuricemia in PLHIV and to understand its clinical consequences. This
systematic review and meta-analysis will provide the first globally pooled estimates of the prevalence of hyperuricemia and
gout in PLHIV, define the ART regimen-specific risk landscape, and generate an evidence base to inform clinical monitoring
guidelines and advocacy for rheumatological integration into HIV care. Completion of this review will fill a critical evidence
gap and directly inform clinical practice in settings where HIV prevalence and rheumatological need intersect most acutely.

Supporting information
S1 File. Search strings for all databases (PubMed/MEDLINE, EMBASE, Web of Science, CINAHL).
(DOCX)

S2 File. PRISMA-P 2015 Checklist.
(DOCX)

Author contributions
Conceptualization: lvaan Pitua.

Formal analysis: lvaan Pitua, Kim Andrew Otto, Kiragga Denis Lwembawo, Kaweesi Calvin Nantalaga, Maria Gabriella
Nampiinga, Michael Ndyomugabe, James Nelson Okema.

PLOS One | https://doi.org/10.1371/journal.pone.0355217  July 31, 2026 9/11



https://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0355217.s001
https://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0355217.s002

PLO\Sﬁ\\.- One

Investigation: lvaan Pitua.

Methodology: Ivaan Pitua, Kim Andrew Otto, Kiragga Denis Lwembawo, Kaweesi Calvin Nantalaga, Maria Gabriella
Nampiinga, Michael Ndyomugabe, James Nelson Okema.

Resources: lvaan Pitua.
Software: lvaan Pitua.

Validation: Ivaan Pitua, Kim Andrew Otto, Kiragga Denis Lwembawo, Kaweesi Calvin Nantalaga, Maria Gabriella
Nampiinga, Michael Ndyomugabe, James Nelson Okema.

Visualization: lvaan Pitua.

Writing — original draft: Ivaan Pitua, Kim Andrew Otto, Kiragga Denis Lwembawo, Kaweesi Calvin Nantalaga, Maria
Gabriella Nampiinga, Michael Ndyomugabe, James Nelson Okema.

Writing — review & editing: lvaan Pitua, Kim Andrew Otto, Kiragga Denis Lwembawo, Kaweesi Calvin Nantalaga, Maria
Gabriella Nampiinga, Michael Ndyomugabe, James Nelson Okema.

References

1. Orlando S, Silaghi LA, Cicala M, Lowole MW, Massango C, Lunghi R, et al. The global response to HIV/AIDS in sub-Saharan Africa: achievements,
challenges, and perspectives for the future. Front Public Health. 2025;13:1665666. https://doi.org/10.3389/fpubh.2025.1665666 PMID: 41246083

2. ChenY, LiA-D,Yang, Lu J, XuY, Ji X, et al. Global, regional and national burden of HIV/AIDS among individuals aged 15-79 from 1990 to 2021.
AIDS Res Ther. 2025;22(1):51. https://doi.org/10.1186/s12981-025-00745-5 PMID: 40329367

3. AssefaY, Ooms G, Komatsu R, Woldeyohannes S, Gilks CF. The successful scaling-up of antiretroviral therapy globally has many lessons for
advancing universal health coverage: progress at risk. Glob Health. 2025;22(1):16. https://doi.org/10.1186/s12992-025-01181-w PMID: 41462464

4. El-Sadr WM, Holmes CB, Mugyenyi P, Thirumurthy H, Ellerbrock T, Ferris R, et al. Scale-up of HIV treatment through PEPFAR: a historic public
health achievement. J Acquir Immune Defic Syndr. 2012;60 Suppl 3(Suppl 3):S96—-104. https://doi.org/10.1097/QAI.0b013e31825eb27b PMID:
22797746

5.  Waritu NC, Nair SKP, Usure RE, Jemal M. Serum uric acid and high-sensitivity C-reactive protein levels among people living with HIV on dolute-
gravir and ritonavir-boosted atazanavir-based antiretroviral therapy: a comparative cross-sectional study. Front Med (Lausanne). 2024;11:1370725.
https://doi.org/10.3389/fmed.2024.1370725 PMID: 39086939

6. Jemal M, Abebaw D, Malik T, Mekuriaw MG, Abate DA, Abebe TM, et al. Magnitude of hyperuricemia and its associated factors among people
living with human immunodeficiency virus who enrolled in first-line antiretroviral therapy in Amhara Region, Ethiopia. J Int Assoc Provid AIDS Care.
2025;24. https://doi.org/10.1177/23259582251400988 PMID: 41295880

7. Mutinye Kwesiga J, Nkonge R, Namanda B, Nabwana M, Baluku JB. Prevalence and factors associated with hyperuricemia among

people living with HIV in Uganda: a cross-sectional study at a tertiary hospital in Uganda. Ther Adv Infect Dis. 2025;12. https://doi.
0rg/10.1177/20499361251347698 PMID: 40547294

8. Zou C, Yang B, Zhang J, Zhang Y, Ye D, Zhu H, et al. Insights into causal associations of lipid traits and lipid-modifying drug targets with uric acid
and risk of Gout. Phenomics. 2025;5(4):374—-83. https://doi.org/10.1007/s43657-024-00212-7 PMID: 41001433

9. Tian P, Zhao H, Wang B, Chen Y, Jia Z, Wang C, et al. Global burden of gout among young people from 1990 to 2021, with projections for 2050:
A systematic analysis based on the Global Burden of Disease Study 2021. PLoS One. 2025;20(10):e0333368. https://doi.org/10.1371/journal.
pone.0333368 PMID: 41160620

10. Ahn EY, So MW. The pathogenesis of gout. J Rheum Dis. 2025;32(1):8—16. https://doi.org/10.4078/jrd.2024.0054 PMID: 39712248

11. Nicholson P, Saunsbury E, D’Angelo S, Churchill D, Walker-Bone K. Prevalence of and risk factors for gout in HIV-positive adults: a case-control
study. Int J STD AIDS. 2019;30(3):249-55. https://doi.org/10.1177/0956462418799803 PMID: 30392464

12. Creighton S, Miller R, Edwards S, Copas A, French P. Is ritonavir boosting associated with gout? Int J STD AIDS. 2005;16(5):362—4. https://doi.
0rg/10.1258/0956462053888907 PMID: 15949066

13. Sebeny PJ, Keith MP, Love KM, Dwyer TX, Ganesan A. Refractory polyarticular gouty arthritis as a manifestation of immune reconstitution inflam-
matory syndrome. J Clin Rheumatol. 2010;16(1):40-2. https://doi.org/10.1097/RHU.0b013e3181c78ddc PMID: 20051757

14. Eyer-Silva WDA, Salgado MCDF, Pinto JFDC, Ferry FRDA, Neves-Motta R, de Azevedo MCVM, et al. Gota aguda como manifestacéo da
sindrome inflamatéria de reconstituicdo imune apds inicio de terapia antirretroviral. Rev Inst Med Trop Sao Paulo. 2012;54:231-3. https://doi.
org/10.1590/S0036-46652012000400009

15. Kole AK, Roy R, Kole DC. Musculoskeletal and rheumatological disorders in HIV infection: experience in a tertiary referral center. Indian J Sex
Transm Dis AIDS. 2013;34(2):107—12. https://doi.org/10.4103/0253-7184.120542 PMID: 24339461

PLOS One | https://doi.org/10.1371/journal.pone.0355217  July 31, 2026 10/ 11



https://doi.org/10.3389/fpubh.2025.1665666
http://www.ncbi.nlm.nih.gov/pubmed/41246083
https://doi.org/10.1186/s12981-025-00745-5
http://www.ncbi.nlm.nih.gov/pubmed/40329367
https://doi.org/10.1186/s12992-025-01181-w
http://www.ncbi.nlm.nih.gov/pubmed/41462464
https://doi.org/10.1097/QAI.0b013e31825eb27b
http://www.ncbi.nlm.nih.gov/pubmed/22797746
https://doi.org/10.3389/fmed.2024.1370725
http://www.ncbi.nlm.nih.gov/pubmed/39086939
https://doi.org/10.1177/23259582251400988
http://www.ncbi.nlm.nih.gov/pubmed/41295880
https://doi.org/10.1177/20499361251347698
https://doi.org/10.1177/20499361251347698
http://www.ncbi.nlm.nih.gov/pubmed/40547294
https://doi.org/10.1007/s43657-024-00212-7
http://www.ncbi.nlm.nih.gov/pubmed/41001433
https://doi.org/10.1371/journal.pone.0333368
https://doi.org/10.1371/journal.pone.0333368
http://www.ncbi.nlm.nih.gov/pubmed/41160620
https://doi.org/10.4078/jrd.2024.0054
http://www.ncbi.nlm.nih.gov/pubmed/39712248
https://doi.org/10.1177/0956462418799803
http://www.ncbi.nlm.nih.gov/pubmed/30392464
https://doi.org/10.1258/0956462053888907
https://doi.org/10.1258/0956462053888907
http://www.ncbi.nlm.nih.gov/pubmed/15949066
https://doi.org/10.1097/RHU.0b013e3181c78ddc
http://www.ncbi.nlm.nih.gov/pubmed/20051757
https://doi.org/10.1590/S0036-46652012000400009
https://doi.org/10.1590/S0036-46652012000400009
https://doi.org/10.4103/0253-7184.120542
http://www.ncbi.nlm.nih.gov/pubmed/24339461

PLO\S\% One

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.
29.

30.

31.

Kaddu-Mukasa M, Ssekasanvu E, Ddumba E, Thomas D, Katabira ET. Rheumatic manifestations among HIV positive adults attending the Infec-
tious Disease Clinic at Mulago Hospital. Afr Health Sci. 2011;11(1):24-9. PMID: 21572853

Okwara CC, Ozoh G, Nwatu BC. Clinical and laboratory predictors of articular disorders among HIV-infected patients seen at teaching hospital
Southeast Nigeria. Ann Med Health Sci Res. 2015;5(6):447-53. https://doi.org/10.4103/2141-9248.177985 PMID: 27057385

Patel NJ, Sheth HS, Rajan R, Espiniza LR, Heena SS, Roy R, et al. Hyperuricemia, its prevalence and correlation with metabolic syndrome in
anti-retroviral naive HIV cohort: review of the literature. J Immunol Tech Infect Dis. 2013;2:234-54.

Tzanis P, Klavdianou K, Lazarini A, Theotikos E, Balanika A, Fanouriakis A, et al. Septic arthritis complicating a gout flare: report of two cases and
review of the literature. Mediterr J Rheumatol. 2022;33(1):75-80. https://doi.org/10.31138/mjr.33.1.75 PMID: 35611099

Al-Sudani N. A diagnostic challenge: gout mimics septic arthritis in a CKD patient. Am J Med Case Rep. 2025;13(4):22-5. https://doi.org/10.12691/
ajmer-13-4-1

Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. PRISMA-P (Preferred Reporting Items for Systematic review and
Meta-Analysis Protocols) 2015 checklist: recommended items to address in a systematic review protocol. Br Med J. 2015;350: g7647.

Gong Z, Sun 'Y, Zhang L, Zhu X, Shi Y. The positive association between hyperuricemia and polycystic ovary syndrome and analysis of related
factors. Front Endocrinol (Lausanne). 2024;15:1356859. https://doi.org/10.3389/fendo.2024.1356859 PMID: 38933825

Du L, Zong Y, Li H, Wang Q, Xie L, Yang B, et al. Hyperuricemia and its related diseases: mechanisms and advances in therapy. Signal Transduct
Target Ther. 2024;9(1):212. https://doi.org/10.1038/s41392-024-01916-y PMID: 39191722

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. 2021;372:n71. https://doi.org/10.1136/bmj.n71 PMID: 33782057

Institute JB. Checklist for Prevalence Studies. Checklist for prevalance studies. 2016. pp. 7. Available from: http://joannabriggs.org/assets/docs/
critical-appraisal-tools/JBI_Critical_Appraisal-Checklist_for_Prevalence_Studies.pdf

Lo CK-L, Mertz D, Loeb M. Newcastle-Ottawa Scale: comparing reviewers’ to authors’ assessments. BMC Med Res Methodol. 2014;14:45. https://
doi.org/10.1186/1471-2288-14-45 PMID: 24690082

Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses Testing for heterogeneity.

Egger M, Smith GD, Schneider M, Minder C. Papers Bias in meta-analysis detected by a simple, graphical test.
Duval S, Tweedie R. Trim and fill: a simple funnel-plot-based method of testing and adjusting for publication bias in meta-analysis. Biometrics.
2000;56(2):455-63. https://doi.org/10.1111/j.0006-341x.2000.00455.x PMID: 10877304

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al. GRADE: an emerging consensus on rating quality of evidence and
strength of recommendations. BMJ. 2008;336(7650):924—6. https://doi.org/10.1136/bm|.39489.470347.AD PMID: 18436948

Panel on Antiretroviral Guidelines for Adults and Adolescents. Guidelines for the Use of Antiretroviral Agents in Adults and Adolescents With HIV.
Department of Health and Human Services. 2025. Available from: https://clinicalinfo.hiv.gov/sites/g/files/mnhszr391/files/guidelines/documents/
adult-adolescent-arv/guidelines-adult-adolescent-arv.pdf

PLOS One | https://doi.org/10.1371/journal.pone.0355217  July 31, 2026 11/11



http://www.ncbi.nlm.nih.gov/pubmed/21572853
https://doi.org/10.4103/2141-9248.177985
http://www.ncbi.nlm.nih.gov/pubmed/27057385
https://doi.org/10.31138/mjr.33.1.75
http://www.ncbi.nlm.nih.gov/pubmed/35611099
https://doi.org/10.12691/ajmcr-13-4-1
https://doi.org/10.12691/ajmcr-13-4-1
https://doi.org/10.3389/fendo.2024.1356859
http://www.ncbi.nlm.nih.gov/pubmed/38933825
https://doi.org/10.1038/s41392-024-01916-y
http://www.ncbi.nlm.nih.gov/pubmed/39191722
https://doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/pubmed/33782057
http://joannabriggs.org/assets/docs/critical-appraisal-tools/JBI_Critical_Appraisal-Checklist_for_Prevalence_Studies.pdf
http://joannabriggs.org/assets/docs/critical-appraisal-tools/JBI_Critical_Appraisal-Checklist_for_Prevalence_Studies.pdf
https://doi.org/10.1186/1471-2288-14-45
https://doi.org/10.1186/1471-2288-14-45
http://www.ncbi.nlm.nih.gov/pubmed/24690082
https://doi.org/10.1111/j.0006-341x.2000.00455.x
http://www.ncbi.nlm.nih.gov/pubmed/10877304
https://doi.org/10.1136/bmj.39489.470347.AD
http://www.ncbi.nlm.nih.gov/pubmed/18436948
https://clinicalinfo.hiv.gov/sites/g/files/mnhszr391/files/guidelines/documents/adult-adolescent-arv/guidelines-adult-adolescent-arv.pdf
https://clinicalinfo.hiv.gov/sites/g/files/mnhszr391/files/guidelines/documents/adult-adolescent-arv/guidelines-adult-adolescent-arv.pdf

	Urate dysregulation (hyperuricemia and gout) among people living with HIV: A protocol for a systematic review and meta-analysis
	Introduction
	Methods
	Eligibility criteria
	Study design. We will include observational studies using cross-sectional, prospective or retrospective cohort, and case-control designs that report quantitative data on the prevalence or incidence of hyperuricemia or gout in PLHIV. Case reports and serie
	Participants (P). Adults aged 18 years and above with documented HIV infection, regardless of ART status, CD4 count, WHO clinical stage, or HIV-1 subtype. Studies that mix paediatric and adult populations will be eligible if adult-specific data can be ext
	Index Condition/Exposure (I). HIV infection, with or without specific ART regimens. We will specifically characterize the ART class effect by subgrouping studies into: (i) pre-ART/ART-naive era; (ii) protease inhibitor (PI)-based regimens; (iii) non-nucle
	Comparators (C). For prevalence estimates, comparators are not required but will be recorded where reported: HIV-negative individuals drawn from the same population, or PLHIV on different ART regimens. For risk factor analyses, PLHIV without hyperuricemia
	Outcomes (O). Primary outcomes:
	Study setting. Any healthcare or community setting globally. Studies from all income settings and geographic regions will be eligible.

	Information sources
	Search strategy
	Study selection
	Data extraction
	Study characteristics. 
	Participant characteristics. 
	Outcome data. 

	Quality assessment (risk of bias)
	Data synthesis and analysis
	Primary analysis: Prevalence meta-analysis. Hyperuricemia and gout will be analysed separately, with independent risk-of-bias assessments, and GRADE certainty ratings. No combined “urate dysregulation” estimate will be generated. Studies reporting both ou
	Secondary analysis: Risk factors and correlates. For studies reporting adjusted odds ratios or prevalence ratios for specific risk factors (ART class, CD4 count, hypertension, obesity, CKD, duration of ART), we will pool effect estimates using the generic
	Assessment of heterogeneity. Statistical heterogeneity will be quantified using the I2 statistic and tested using Cochran’s Q test. I2 values will be interpreted as follows: < 25% = low heterogeneity, 25–50% = moderate, 51–75% = substantial, and >75% = co
	Subgroup analyses. The following pre-specified subgroup analyses will be conducted:
	Meta-regression. If a minimum of 10 studies are available for a given outcome, univariable and multivariable random-effects meta-regression will be performed to explore the influence of continuous moderators (mean age, median CD4 count, year of data colle
	Sensitivity analysis. Sensitivity analyses will be conducted by: (i) restricting to low/moderate-risk-of-bias studies; (ii) restricting to studies using standard hyperuricemia cut-off values; (iii) restricting to studies with crystal-confirmed gout diagno

	Publication bias
	Assessment of certainty of evidence
	Study timeline
	Ethics and dissemination

	Discussion
	Anticipated methodological challenges
	Clinical and policy relevance
	Strengths and limitations

	Conclusion
	Supporting information
	References


