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Abstract 

Background: Microalbuminuria is an independent risk factor for cardiovascular and kidney disease and a predictor 
of end organ damage, both in the general population and in persons with HIV (PWH). Microalbuminuria is also an 
important risk factor for mortality in PWH treated with antiretroviral therapy (ART). In the ongoing Renal Risk Reduc-
tion (R3) study in Nigeria, we identified a high prevalence of microalbuminuria confirmed by two measurements 
4–8 weeks apart in ART-experienced, virologically suppressed PWH. Although Stage 1 or 2 hypertension and exposure 
to potentially nephrotoxic antiretroviral medications were common in R3 participants, other traditional risk factors for 
albuminuria and kidney disease, including diabetes, APOL1 high-risk genotype, and smoking were rare. Co-infection 
with endemic pathogens may also be significant contributors to albuminuria, but co-infections were not evaluated in 
the R3 study population.

Methods: In Aim 1, we will cross-sectionally compare the prevalence of albuminuria and established kidney disease 
risk factors in a cohort of PWH to age- and sex-matched HIV-negative adults presenting for routine care at the Aminu 
Kano Teaching Hospital in Kano, Nigeria. We will leverage stored specimens from 2500 R3 participants and enroll an 
additional 500 PLWH recently initiated on ART (≤ 24 months) and 750 age- and sex-matched HIV-negative adults to 
determine the contribution of HIV, hypertension, and other comorbid medical conditions to prevalent albuminuria. 
In Aim 2, we will follow a cohort of 1000 HIV-positive, ART-treated and 500 HIV-negative normoalbuminuric adults for 
30 months to evaluate the incidence and predictors of albuminuria.

Discussion: The findings from this study will support the development of interventions to prevent or address micro-
albuminuria in PWH to reduce kidney and cardiovascular morbidity and mortality. Such interventions might include 
more intensive monitoring and treatment of traditional risk factors, the provision of renin-angiotensin aldosterone 
system or sodium-glucose cotransporter-2 inhibitors, consideration of changes in ART regimen, and screening and 
treatment for relevant co-infections.
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Background
In some forms of kidney disease, such as diabetic 
nephropathy, the earliest detectable abnormality is often 
microalbuminuria. Albuminuria is an independent risk 
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factor for cardiovascular complications and is a predic-
tor of end organ damage including chronic kidney dis-
ease (CKD) [1–4]. Even very low levels of albuminuria, 
assessed as urine albumin/creatinine ratio (uACR), of 
10–30  mg/g) have been associated with adverse cardio-
vascular and kidney events. [5, 6] Microalbuminuria is 
used in the early detection of disease states character-
ized by microvascular dysfunction, such as preeclampsia 
and diabetic nephropathy, as well as medication-induced 
nephrotoxicity [7, 8]. Micro- and macroalbuminuria are 
also important risk predictors for mortality in antiretro-
viral therapy (ART)-treated PWH, likely as a marker for 
inflammation and endothelial activation [9, 10]. Albu-
minuria has been associated with decreased CD4 cell 
counts and higher plasma viral loads in PWH, as well as 
increased systemic T-cell activation and more rapid pro-
gression to AIDS  [5, 11, 12].

In recently published data from our NIDDK-funded 
R3 study [13, 14] among PWH, ages 18–69  years who 
were on ART for ≥ 6  months, ~ 40% of 2500 enrolled 
participants had some level of persistent albuminuria. 
Why is albuminuria so common in this HIV-positive, 
ART-experienced population? We hypothesized that 
genetics play an important role, given the high preva-
lence of APOL1 renal risk variants in West Africa [13, 
14]. However, genotyping in the R3 study revealed lower 
than anticipated prevalence of the high-risk (HR) APOL1 
genotype (6.2%), which has been associated with kidney 
disease risk [13]. The high rates of albuminuria observed 
in the R3 study population likely reflect a mix of both 
reversible microvascular endothelial injury (inflamma-
tion driven) and non-reversible podocyte damage (irre-
versible and progressive to CKD). The current study is 
designed to evaluate additional potential contributors to 
the high observed rates of albuminuria observed in PWH 
in Nigeria. APOL1 high risk genotype and traditional 
risk factors (e.g., hypertension, diabetes, smoking) do 
not fully explain the high rates of albuminuria in the R3 
study population, although hypertension is likely to be a 
significant contributing factor. In a prior study in Nige-
ria, adults with high normal blood pressure (BP) (systolic 
blood pressure [SBP] 130–139  mmHg and/or diastolic 
blood pressure [DBP] 85–89 mmHg) had higher rates of 
microalbuminuria (12.9% vs. 4.1%) and cardiovascular 
disease risk factors than those with optimal BP. Sickle cell 
disease and sickle cell trait are also common, with sickle 
cell trait affecting 1 in 12 African Americans and nearly 
300 million people worldwide [15–17]. Although sickle 
cell trait is often considered a benign condition, kidney 
manifestations may include impaired urinary concentrat-
ing ability, hematuria, and papillary necrosis [17–21]. 
Although the relationship of sickle cell trait to long-term 
CKD has not been firmly established, prior studies have 

showed a higher-than-expected prevalence of sickle cell 
trait among participants with end stage kidney disease 
(ESKD). [15, 22, 23]

Other factors that may contribute to albuminuria can 
be broken down into three main categories: i) direct kid‑
ney injury (i.e., exposure to the ARV medication TDF, 
which can cause tubulopathy); ii) immune activation/
inflammation from HIV or specific viral pathogens (e.g., 
Cytomegalovirus [CMV], hepatitis B or C) and/or other 
endemic co-infections (e.g., parasitic infestations, tuber-
culosis); and iii) environmental factors/exposures (i.e., 
traditional medications, heavy metals, etc.). This study 
will include an in-depth evaluation of direct kidney 
injury and immune activation/inflammation. Depending 
on results, future studies may evaluate potential environ-
mental exposures.

Because R3 participants were ART-experienced, with 
the majority receiving TDF at some point in their course, 
another important research question is to determine 
whether albuminuria is tubular or glomerular in etiology. 
Tenofovir is an effective ARV medication, widely used in 
first-line ART regimens [24, 25]. Although data suggest 
that it is not universally associated with kidney toxicity 
[26–30], it can be associated with renal tubular dysfunc-
tion, including Fanconi syndrome [25, 30–33]. This is 
especially important in our study setting, where the alter-
native formulation of tenofovir, tenofovir alafenamide 
(TAF), which has a more favorable bone and kidney tox-
icity profile, is not routinely available.

Despite improved patient survival with ART [34, 35], 
non-AIDS defining conditions such as cardiovascular 
and kidney disease and non-AIDS-defining malignan-
cies are more prevalent among ART-treated HIV-positive 
than HIV-negative adults [34, 36–39]. While factors such 
as smoking and ARV-related toxicity explain some of the 
increased risk for these events [34, 40], excess immune 
activation, inflammation, and poor immune restoration 
[34, 41–51] have also been shown to predict disease. 
Chronic immune activation and inflammation are hall-
marks of HIV infection. [34, 51, 52]

A diverse array of plasma biomarkers [53], including 
indices of T-cell activation [34, 54, 55], soluble tumor 
necrosis factor receptor I (sTNFR-I), sTNFR-II, and 
interleukin-6 (IL-6) [52, 56] are elevated in untreated 
HIV infection and often remain elevated among ART-
treated adults who are fully virologically suppressed [34, 
37, 47, 57, 58]. Many mechanisms have been proposed 
to explain this inflammatory state, including the direct 
effects of HIV replication (specifically viral protein pro-
duction), HIV-mediated destruction of mucosal barriers 
with chronic exposure to gut microbial elements, and 
coinfections (e.g., CMV) [34, 59, 60]. Recent studies have 
shown that morbidity and/or mortality are associated 
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with serum inflammation biomarkers, including IL-6, 
fibrinogen, C-reactive protein, soluble CD14 (sCD14), 
D-dimer, and cystatin C [34, 41, 42, 45, 46, 48, 49, 61]. 
Tenorio et al. showed that higher levels of IL-6, sTNFR-I, 
sTNFR-II, D-dimer, and sCD14 at baseline and pre-event 
time points were associated with non-AIDS-related mor-
bidity or death [34]. These effects were independent of 
traditional risk factors, other comorbid conditions, age, 
ART regimen, and ART-associated immunologic recov-
ery [34].

Systemic inflammation in persons with HIV may also 
occur in the setting of co-infections. For example, inflam-
mation from parasitic infections, including malaria may 
cause clinical manifestations [62–69]. Parasitic infections 
can present with a range of glomerular diseases, most 
commonly membranoproliferative glomerulonephritis, 
while membranous glomerulopathy, focal segmental glo-
merulosclerosis (FSGS), and minimal-change disease are 
also occasionally seen [67, 68]. In West Africa, chronic 
parasitic infestations such as schistosomiasis (Schisto‑
soma haematobium and mansoni), filariasis (Wuchereria 
bancrofti), onchocerciasis (Onchocerca volvulus), stron-
gyloidiasis (Strongyloides stercoralis), and Loiasis (Loa 
loa) are potential infectious causes of nephrotic and 
nephritic syndromes [67, 68, 70]. In addition to overt kid-
ney injury, parasitic infections may also promote local or 
systemic inflammation, as indicated by elevated levels of 
inflammatory biomarkers [69, 70].

Co-infection with certain viruses, such as CMV and 
hepatitis B and C, are common among PWH [71]. 
Among PWH, CMV seropositivity has been associated 
with persistent CD8 T-cell elevation and increased risk 
of developing non-AIDS comorbidities, despite long-
term ART [72, 73]. CMV-seropositive individuals with 
and without HIV have increased epithelial gut damage, 
microbial translocation, and inflammation. However, lit-
tle is known about the prevalence and impact of CMV 
in Nigeria. The estimated prevalence of hepatitis B virus 
(HBV) and hepatitis C virus (HCV) is 7.6% and 1.7%, 
respectively, among Nigerian adults (15–64 years of age) 
[74]. Various forms of kidney injury have been described 
in relation to HBV, including membranous nephropathy, 
membranoproliferative glomerulonephritis, and pol-
yarteritis nodosa [69, 75]. In addition to these viral co-
infections, mycobacterial infections may present with a 
diverse spectrum of kidney injuries, including post-infec-
tious glomerulonephritis. Co-infection with M. tubercu‑
losis (TB), which is endemic in West Africa, particularly 
among HIV-positive individuals, is also associated with 
multiple nephropathies including chronic interstitial 
nephritis and proliferative glomerulonephritis [76].

To better understand the high rates of microalbumi-
nuria in our population, we plan to test the following 

overarching hypothesis: hypertension (including pre-
hypertension), immune activation from co-infections, 
and cumulative, long-term exposure to potentially 
nephrotoxic ARV medications contribute to the high 
rates of persistent microalbuminuria in these ART-expe-
rienced adults. To evaluate this overarching hypothesis, 
we plan the following specific aims, with each aim having 
its own additional supporting hypothesis or hypotheses:

1) To compare the prevalence of albuminuria and estab-
lished kidney disease risk factors in a large cohort of 
PWH to age- and sex-matched HIV-negative adults 
presenting for routine medical care at the Aminu 
Kano Teaching Hospital (AKTH) in Kano, Nigeria. 
Hypothesis: HIV-negative adults will have lower prev-
alence of albuminuria, as well as lower prevalence of 
hypertension and hepatitis B and C co-infection, when 
compared to PWH.

2) To determine the role that hypertension and other 
comorbid medical conditions (e.g., sickle cell trait or 
disease, immune activation/inflammation from para-
sitic, viral, and bacterial infections, and exposure to 
potentially nephrotoxic ARV medications), have on 
the risk for development of albuminuria. Hypothe‑
ses: a) Participants with hypertension (controlling for 
age and stage of hypertension) will have significantly 
higher rates of albuminuria; b) ongoing inflammation, 
as evidenced by higher levels of traditional and kid-
ney-specific inflammatory biomarkers, will be associ-
ated with higher rates of albuminuria; and c) cumula-
tive exposure to TDF significantly contributes to risk 
of incident albuminuria among PWH.

Methods/design
Aim
The goal of this study is to better understand the fac-
tors contributing to the high rates of microalbuminuria 
observed in virologically suppressed PWH in Nigeria. 
By establishing an age- and sex-matched HIV-negative 
cohort and screening both study populations for cofac-
tors including viral (CMV, hepatitis B & C), parasitic, 
and mycobacterial (TB) coinfections that may lead to 
immune activation/inflammation, as well as long-term 
exposure to potentially nephrotoxic ARV medications 
(particularly TDF) among PWH, we anticipate our study 
findings to inform the development of specific interven-
tions to address albuminuria and result in reductions of 
kidney and cardiovascular morbidity and mortality.

Setting
This study will be conducted in the U.S. President’s 
Emergency Plan for AIDS Relief (PEPFAR)-funded HIV 
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clinic at AKTH in Kano, a state in northwest Nigeria. 
Kano is the most populous state in Nigeria and has an 
HIV prevalence of 1.3% [77]. AKTH is a large tertiary 
center that provides care for more than 10,000 adult 
PWH. Potentially eligible study participants for this 
study will be identified from 2 main clinics located on 
the grounds of AKTH; (i) the HIV-negative adults will 
be identified from the General Outpatient Department 
(OPD) and the (ii) newly enrolled PWH plus the R3 par-
ticipants called back (Fig. 1) will be identified from the 
Prof. S.S. Wali Virology Centre. AKTH has longstand-
ing collaborations with Vanderbilt University Medical 
Center and is the site for multiple clinical trials, pri-
marily funded by the U.S. National Institutes of Health 
(NIH) and the Bill and Melinda Gates Foundation.

Study design
The study includes 2 specific aims; a cross-sectional 
Aim (Aim 1) and a longitudinal Aim (Aim 2) (see below 
and Fig. 1).

Specific aim 1
Study population
The inclusion criteria are as follows:

• 18–69 years of age
• Willing and able to provide informed consent.

The exclusion criteria are:

• Pregnant (all women with reproductive potential will 
undergo urine pregnancy testing)

• Known congenital kidney disease or autoimmune 
disease (e.g., systemic lupus erythematosus) that can 
cause albuminuria

Study procedures
HIV‑negative adults Trained study staff will present the 
recruitment script at the time of screening. After subjects 
provide informed consent, HIV-negative participants will 
be tested for HIV in accordance with existing national 
standard/policy as follows:

Fig. 1 Enrollment Chart
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• Participant will undergo point-of-care (POC) HIV 
rapid testing (via finger prick)

• If their POC HIV rapid test is positive, the Deter-
mine HIV-1/2 assay kit (Abbott Laboratories) with 
UniGold test (Trinity Biotech) will be used as the 
confirmatory test. If needed, the HIV-1/2 STAT-PAK 
Dipstick assay (Chembio Diagnostic Systems will be 
used as tiebreaker.

• If their confirmatory HIV testing is positive, they 
are not eligible to continue in the study but will be 
informed of their status and will receive appropri-
ate counseling by study staff, all of whom have IRB 
training and extensive HIV counseling experience. 
They will be referred for care per existing national 
standards. If the HIV test is negative, participants 
will be asked to complete a brief risk assessment, ask-
ing, “Have you engaged in any high risk (i.e., unpro-
tected intercourse with a person with known HIV or 
unknown HIV status, etc.) one or more times within 
the prior 4–6  weeks?” (NOTE: those who are cur-
rently healthcare workers will also be asked if they 
have had any needlestick and/or mucous membrane 
exposures from someone with known HIV-positive 
or unknown HIV status within the prior 4–6 weeks). 
Based on responses to the risk assessment question, 
subjects deemed high-risk (answering yes to any 
question), will undergo viral load (VL) testing.

• ALL consenting subjects with a negative POC HIV 
rapid test at their screening visit, regardless of their 
responses to the above risk assessment question, will 
be asked to provide urine specimens at the study 
clinic (visits 1 and 2) for uACR measurement. They 
will also have a blood specimen obtained for genetic 
testing (at visit 2; see Table 1).

• When VL results are available (in ~ 2–3 weeks), par-
ticipants will be called back to receive results and 
counseling to reduce transmission risk or for referral 
to care if HIV-positive. Screened high-risk individu-
als having a detectable VL (> 50 copies/mL) are not 
eligible for the study and will be provided counseling 
and referral to care, as detailed above.

Visit specifics are outlined in Table  1 (see above) for 
the newly enrolled 1250 study participants (500 HIV-
positive adults on ART < 24  months plus the age- and 
sex-matched 750 HIV-negative adults) and in Table  2 
(see below) for the 2,000 R3 participants that will be 
called back. Cross-sectional study visits will be com-
pleted by 1250 total participants, including 500 HIV-
positive, ART-treated adults (18–69 years of age) on ART 
for < 24  months, plus 750 age- and sex-matched HIV-
negative adults (Fig. 1). We will measure urinary albumin 
and creatinine levels to calculate a mean (two-sample) 
uACR. In the 500 HIV-positive adults, we will also meas-
ure urine protein (once at Visit 1) to perform a urine 
albumin-to-protein ratio (uAPR). In addition, we will 
call back R3 participants who completed screening but 
were not enrolled in the randomized trial for additional 
measurements. We anticipate obtaining these additional 
measurements from ~ 2000 R3 participants (conserva-
tively assuming 90% re-consent). In participants called 
back from R3, we will obtain one uACR measurement 
(to confirm their current albuminuria status), one uAPR 
measurement (to evaluate the potential impact of cur-
rent/prior TDF exposure), and serum creatinine. We will 
leverage archived specimens for HBV and CMV serology 
testing. HCV antibody testing will be performed if we 
identify a higher-than-expected prevalence in a random 
sample of 200 PWH.

Table 1 Procedures for cross-sectional cohort of age- and sex-matched HIV-negative participants (n = 750), plus the newly enrolled 
HIV-positive, ART-treated adults (on ART for < 24 months) (n = 500)

a Screen for diabetes (if symptomatic, e.g., polyuria, polydipsia, weight loss), perform fasting/random glucose test (point-of-care device) and if ≥ 6.1 mmol/L (110 mg/
dL), then patient has possible diabetes, and is referred to medical provider/clinic for further evaluation
b Screen initially with hepatitis B surface antigen, and if positive, perform hepatitis B e Ag and hepatitis B DNA (viral load)
c Screen initially with hepatitis C antibody (due to anticipated low prevalence (< 1%), we will test a random sample of 200 HIV-positive adults and perform additional 
screening (stored samples) only if prevalence > 2%)
d Screen for Cytomegalovirus (CMV) using IgG antibody tests

Visit 1 Visit 2 (4–8 weeks after Visit 1)

– Screening, informed consent
– HIV testing (HIV-negative participants only)
– Blood pressure measurement
– Diabetes  screeninga

– Enrollment (if meet eligibility criteria)
– Participant to provide urine specimen at study clinic on day of visit (for 1st 
uACR and for urine albumin-to-protein ratio (uAPR) (if HIV-positive))

– Participant to provide urine specimen at study clinic on day of visit (for 
2nd uACR)
– Specimen collection (~ 6 tubes; ~ 30 mL total)
i) Genotyping (Two DBS cards)
ii) Serum creatinine (3 mL gold top tube)
iii) HBVb and HCV testingc (Two 3.5 mL gold top tubes)
iv) CMV testingd (One 3.5 mL gold top tube)
v) Additional specimens to store (Two urine aliquots: Two 3 mL EDTA tubes; 
toenail/hair samples from consenting patients)
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Data collection and  privacy considerations Following 
enrollment, study participants will be assigned unique 
study identification numbers for deidentified collection 
of study data elements. Study visits with trained person-
nel will be held in private interview rooms located at 
AKTH. We will use REDCap for standardized, HIPAA-
compliant, secure data collection using case report 
forms (CRFs).

Study measures
Urine albumin‑to‑creatinine ratio (uACR) In the Aim 
1 cross-sectional arm, we will determine an average 
uACR (based on 2 uACR measurement values obtained 
4–8 weeks apart) for the 500 newly enrolled HIV-positive, 
ART-treated adults (on ART < 24  months) plus the 750 
age- and sex-matched HIV-negative controls. We will 
obtain one confirmatory uACR from the 2000 HIV-pos-
itive, ART-treated adults that we will call back from the 
R3 Study; all these participants have two uACR measure-
ments from the R3 screening phase.

Urine albumin‑to‑protein ratio (uAPR) As a rough 
estimate of glomerular vs. tubular injury). In the 
Aim 1 cross-sectional arm, we will obtain one uAPR 
from all HIV-positive ART-treated adults (includ-
ing the 500 newly enrolled HIV-positive adults [on 
ART < 24 months] plus the 2000 ART-experienced PWH 
who we call back from the R3 Study.

Kidney function (Estimated glomerular filtration rate 
(eGFR) measurement (serum) (i.e., creatinine); In the 
Aim 1 cross-sectional arm, we will obtain one serum 
creatinine (SCr) measurement from each participant.

Hepatitis B and C infection status Hepatitis B infection 
status to be ascertained via serum hepatitis B surface anti-
gen testing, with hepatitis C infection status to be ascer-
tained via serum hepatitis C antibody testing.

Cytomegalovirus (CMV) Infection status. Ascertained 
via serum CMV IgG antibody (Ab) testing.

Hypertension Study participant’s blood pressure will be 
classified using current Joint National Commission (JNC) 
8 guidelines; namely: Normal: Less than 120/80 mm Hg; 
Elevated: Systolic between 120–129 and diastolic less 
than 80; Stage 1: Systolic between 130–139 or diastolic 
between 80–89; and Stage 2: Systolic at least 140 or dias-
tolic at least 90 mm Hg.

Study outcomes

1. Prevalence and extent of albuminuria 
(uACR > 30 mg/g), hypertension (e.g., elevated blood 
pressure, Stage 1 hypertension, and Stage 2 hyper-
tension), sickle cell trait and disease, hepatitis B & C 
infection, and Cytomegalovirus (CMV) infection, all 
stratified by HIV status.

2. Prevalence of APOL1 variants (high-risk (2 copies 
of APOL1 risk variants) and low-risk (0–1 copies of 
APOL1 risk variants), by HIV status.

3. Proportion of ART-treated adults with suspected 
tubular albuminuria (urine albumin-to-protein ratio 
(uAPR) < 40%) [24, 25] as identified during Aim 1 
cross-sectional evaluation.

4. Proportion of ART-treated adults with suspected 
glomerular albuminuria (albumin-to-protein ratio 

Table 2 Procedures for one time cross-sectional study visit for the HIV-positive, ART-treated adults that participated in the Renal Risk 
Reduction (R3) study and now called back (n = 2,000)

a Screen for diabetes (if symptomatic, e.g., polyuria, polydipsia, weight loss), perform fasting/random glucose test (point-of-

care device) and if ≥ 6.1 mmol/L (110 mg/dL), then patient has possible diabetes, and is referred to medical

provider/clinic for further evaluation
b Screen initially with hepatitis B surface antigen, and if positive, perform hepatitis B e Ag and hepatitis B DNA (viral load)
c Screen initially with hepatitis C antibody (due to anticipated low prevalence (< 1%), we will test a random sample of 200

HIV-positive adults and perform additional screening (stored samples) only if prevalence > 2%)
d Screen for Cytomegalovirus (CMV) using IgG antibody tests

Visit 1

-Screening, informed consent
-Blood pressure measurement
-Diabetes  screeninga

-Enrollment (if meet eligibility criteria)
-Participant to provide urine specimen at study clinic on day of visit (for 
uACR and uAPR)

-Participant to provide urine specimen at study clinic on day of visit (for 
one-time uACR and uAPR)
Specimen collection (~ 3 tubes; ~ 15 mLs total)
i) Serum creatinine (3 mL gold top tube)
ii) HBVb and HCV testingc (leverage existing stored plasma aliquots)
iii) CMV testingd (leverage existing stored plasma aliquots)
iv) Additional specimens to store (Two urine aliquots: Two 3 mL EDTA tubes; 
toenail/hair samples from consenting patients)
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(uAPR) ≥ 40%) [24, 25] as identified during Aim 1 
cross-sectional evaluation

Laboratory investigations
Albuminuria and proteinuria measurement
Urine biomarker assays (e.g., urine albumin, creatinine, 
and protein measurements) will be performed at the 
Bonventre laboratory (Brigham and Women’s Hospi-
tal Biomarker Laboratory, Boston, MA, USA) using the 
Randox Imola platform (Crumlin, UK) for urine creati-
nine measurement and the Randox Imola or BNII neph-
elometer platforms (Siemens, Malvern, PA) for urine 
albumin measurement (Bonventre laboratory). Specific 
urinary measures will be performed using the kinetic 
Jaffe method (creatinine), pyrogallol red colorimetry 
method (protein) and immunoturbidimetry (albumin) 
[78, 79]. Each participant will also provide a serum sam-
ple for creatinine, from which we will calculate eGFR 
using the 2021 CKD-EPI equation, specifically, the 2021 
eGFR creatinine (Age and Sex (AS)) equation) [80, 81]. 
For quality control and assurance (QC/QA) purposes, 
we will utilize existing laboratory specimen handling 
and analysis standard operating procedures that we have 
developed and implemented in collaboration with the 
Bonventre laboratory team.

Each screened participant will be given a unique study 
ID number. The study subjects’ IDs can be linked back to 
participants and will be maintained in REDCap on study-
specific secure (encrypted) tablets.

Genetics specimen collection and genotyping
Genotyping data are already available for participants 
who completed the screening phase of the R3 study. 
Dried blood spot (DBS) samples will be obtained for all 
newly enrolled participants. DBS samples for genotyping 
will be obtained by fingerprick, spotted (up to 125μL per 
each 1 inch application) on Whatman FTA cards (What-
man, Brentford, UK) using capillary tubes and subse-
quently dried at room temperature for 1 h. We will store 
the spotted Whatman FTA cards at room temperature 
(20–25° C) with a desiccant for humidity-control, and 
these cards will be shipped in batches to the Duke Molec-
ular Physiology Institute (DMPI) Substrate Services Core 
Facility. Once at DMPI, using sterile biopsy punches, the 
team will take 6  mm punches from each dried-blood 
spot sample, with the filter card punch to be placed 
directly into an extraction tube, and the DNA isolated 
using Qubit DNA extraction kits (Thermo Fisher Sci-
entific, Waltham, MA). Two elutions will be performed 
to increase the DNA yield, and DNA will be quantified 
using PicoGreen dsDNA Assays (Thermo Fisher Scien-
tific, Waltham, MA, USA). For genotyping and sample 

handling, we will check 2.5–5% of duplicate filter papers 
for genotype match (and possibly run sex markers) for 
sex match between clinical record and genotypic sex.

APOL1 genotyping will be performed in the Olabisi 
laboratory at the DMPI using TaqMan assays (San Diego, 
CA) targeting the 3 APOL1 variants (rs73885319 [G1], 
rs60910145 [G1], and rs 71785313 [G2]) associated with 
CKD and HIV-associated kidney disease. The APOL1 
risk alleles are defined by G1 haplotypes (rs73885319-G/
rs60910145-G and rs73885319-G/rs60910145-T) and the 
G2 haplotype (rs7175313-deletion). Testing for the chro-
mosome 11 hemoglobin subunit beta (HBB) sickle cell 
variants HbS (rs334; p. Glu6Val) and HbC (rs33930165, 
p. Glu6Lys) will be performed using TaqMan assays. 
Other genetic loci associated with kidney disease or with 
susceptibility to infections may also be studied on an 
exploratory basis. We will define the APOL1 genotype 
from the number of risk alleles. In recessive models, indi-
viduals exhibiting two risk alleles (G1/G1, G1/G2, or G2/
G2) will be assigned to the high-risk (HR) group, while 
individuals carrying no or one risk allele (G0/G0, G0/G1, 
and G0/G2) will be assigned to the low-risk (LR) group. 
We will also perform exploratory analyses to examine the 
number of risk alleles (0, 1, or 2 alleles).

All information linking participants to personal iden-
tifiers will be destroyed once study follow-up and data 
analysis are completed. Individual participant data to 
be collected and maintained by de-identified study code 
include age, ethnicity, sex, occupation, weight, BMI, 
comorbid medical conditions (hypertension, diabetes, 
opportunistic infections, syphilis, cancer, cardiovascular 
disease, and other conditions of potential relevance to 
study outcomes), current ART regimen (for HIV-positive 
participants), and concomitant medications. Data on 
prior and current use of TDF, indinavir, and ritonavir-
boosted protease inhibitors will be collected from HIV-
positive participants and from review of the medical 
chart.

Statistical considerations
Sample size
We enrolled 2500 PWH during the screening phase of 
R3. For these calculations, we assume a similar preva-
lence of albuminuria among the 500 participants newly 
recruited for this study. Of note, even if none of the 
500 new recruits have albuminuria, the overall propor-
tion among HIV-positive participants will be > 33%, and 
power calculations (i.e., detectable relative risks) are sim-
ilar. Table 3 shows, for given sample sizes, the proportion 
of HIV-negative controls with uACR > 30  mg/g that we 
would be able to detect with 90% and 80% power at the 
alpha = 0.05 level (i.e., with a two-sided p-value < 0.05). 
For example, with 750 HIV-negative controls, we will 
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have ~ 90% power to detect a relative risk for albuminuria 
between HIV-positive and HIV-negative participants of 
1.19 (0.400 vs. 0.336, respectively).

In preliminary data from the R3 cohort, only 4% of par-
ticipants were LTFU between the two uACR measure-
ments. To account for LTFU, we conservatively estimate 
that we will need to recruit ~ 810 HIV-negative partici-
pants and ~ 540 newly enrolled HIV-positive participants 
(~ 8% LTFU). We plan to do analyses both categorizing 
uACR (> 30 mg/g) and treating it as a continuous varia-
ble. From our preliminary R3 study data, the mean uACR 
among HIV-positive adults was ~ 67  mg/g (standard 
deviation 266 mg/g). If our data are similarly skewed in 
this study, we will transform the data before analyzing. 
The mean  log10 transformed uACR among HIV-positive 
adults was 1.35  log10 (mg/g) with SD = 0.554  log10(mg/g). 
Therefore, with n = 750 HIV-negative and 3000 HIV-
positive participants, we anticipate having ~ 90% power 
to detect a difference in mean  log10-transformed uACR 
between HIV-positive and HIV-negative adults of 0.132 
standard deviations or 0.07 (i.e., 1.35  log10(mg/g) in HIV-
positive vs. 1.28  log10(mg/g) in HIV-negative adults, cor-
responding to a median uACR of ~ 22.4 vs. 19.0 mg/g.

The calculations in Table 3 (and Tables 4 and 5) do not 
account for loss-to-follow-up (LTFU) between the two 
uACR measurements in the cross-sectional study. In our 
preliminary data, only 4% of patients were LTFU between 
the two measurements. Power is greater (although clini-
cal interpretation may be more challenging) when uACR 
is treated as a continuous outcome. We plan to do analy-
ses both categorizing uACR (> 30 mg/g) and treating it as 
a continuous variable. We therefore also present power 
evaluating uACR as a continuous outcome (Table  4). 
With 750 HIV-negative and 3000 HIV-positive partici-
pants, we will have ~ 90% power to detect a difference of 
0.132 standard deviations between the mean outcome in 
HIV-negative vs. HIV-positive adults. From our prelimi-
nary data, the mean uACR among HIV-positive adults 
was ~ 67  mg/g (standard deviation 266  mg/g). This is 
quite skewed, so we will transform the data before analyz-
ing. The mean  log10 transformed uACR among HIV-pos-
itive adults was 1.35  log10 (mg/g) with SD = 0.554  log10 
(mg/g). Therefore, with n = 750 HIV-negative and 3000 
HIV-positive participants, we anticipate having ~ 90% 
power to detect a difference in mean  log10-transformed 
uACR between HIV-positive and HIV-negative adults 
of 0.07 (i.e., 1.35  log10(mg/g) in HIV-positive vs. 1.28 
 log10(mg/g) in HIV-negative adults, corresponding to 
median uACR of ~ 22.4 vs. 19.0 mg/g.

Table 3 Detectable proportion with microalbuminuria/macroalbuminuria with various sample sizes

Bolded numbers on far left (750) for each of these tables reflect our chosen final sample size for number of HIV-negative participants to be enrolled

Number of HIV-negative participants (N = 3000 HIV-positive 
participants)

Detectable proportion with micro-/macroalbuminuria among HIV-
negative controls (RR = relative risk)

90% power 80% power

300 0.306 (RR = 1.31) 0.319 (RR = 1.25)

500 0.325 (RR = 1.23) 0.335 (RR = 1.19)

750 0.336 (RR = 1.19) 0.345 (RR = 1.16)
1000 0.343 (RR = 1.17) 0.350 (RR = 1.14)

Table 4 Detectable mean difference for continuous outcome (in 
SDs) between HIV + and HIV- participants

Bolded numbers on far left (750) for each of these tables reflect our chosen final 
sample size for number of HIV-negative participants to be enrolled

Number of HIV-negative participants 
(n = 3000 HIV-positive participants)

Detectable difference 
between mean uACR in 
HIV-positive and HIV-
negative participants 
(standard deviations)

90% power 80% power

300 0.196 0.170

500 0.157 0.135

750 0.132 0.114
1000 0.118 0.102

Table 5 Interaction effects based on hypertension

Number of 
HIV-negative 
participants

Albuminuria 
prevalence for 
HIV-negative 
participants 
without 
hypertension

Albuminuria 
prevalence for 
HIV-negative 
participants 
with 
hypertension

Relative Risk 
(HIV-negative 
participants)

750 0.10 0.27 2.7

750 0.15 0.36 2.4

750 0.20 0.44 2.2

750 0.25 0.50 2.0
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Power calculations for interaction effects
We will examine whether the association between risk 
factors and albuminuria differs between HIV-positive 
and HIV-negative participants. Table  5 illustrates the 
power for detecting interaction effects based on hyper-
tension. From preliminary R3 data, 12.7% of our study 
participants had Stage 1 or 2 hypertension (JNC-7 classi-
fication). Overall, 47% of HIV-positive adults with hyper-
tension had albuminuria, and 39% of HIV-positive adults 
without hypertension had albuminuria, for a relative risk 
of 1.22. If the prevalence of hypertension is ~ 10% among 
our HIV-negative participants, then Table  5 shows the 
relative risks among HIV-negative individuals for which 
we anticipate having ~ 80% power to detect based on 
varying prevalence of albuminuria. For example, with 750 
HIV-negative adults and a true prevalence of albuminu-
ria of 0.25 among HIV-negative adults who do not have 
hypertension, we have 80% power to detect a difference 
of relative risks for hypertension of 1.22 vs. 2.0 between 
HIV-positive and HIV-negative participants, respectively 
(Bold emphasis row, Table 5).

Statistical analysis plan
We will fit regression models based on categorized (i.e., 
logistic regression) and continuous (i.e., linear regres-
sion after  log10 transformation and/or semiparametric 
cumulative probability models that empirically estimate 
the transformation) uACR levels [82]. HIV status is the 
primary exposure variable. We will perform additional 
analyses to investigate the interaction between HIV sta-
tus and individual risk factors, including hypertension 
and co-infection (HBV and CMV), to determine whether 
associations differ based on HIV status (e.g., whether the 
impact of comorbidities on microalbuminuria is greater 
among PWH). Regression models will be adjusted for 
potential confounders, including age, ethnicity, smoking 
status, and BMI. Primary analyses will control for sex and 
will be repeated among men and women, separately, to 
investigate potential differences by sex. For the analyses 
limited to PWH, viral load (detectable/undetectable) will 
be included in models as a potential confounder. Missing 
data will be multiply imputed using standard techniques. 
Continuous covariates will be expanded using restricted 
cubic splines with three knots to avoid linearity assump-
tions. Additional analyses will be performed in the subset 
of HIV-positive adults to assess the association between 
HIV-specific factors (e.g., TDF exposure, duration on 
ART, detectable viral load, and CD4 cell count) on albu-
minuria/uACR (Additional file 1 and Additional file 2).

Genetic analysis plans
We will determine the prevalence of APOL1 risk alleles, 
comparing the 750 HIV-negative adults to our 3000 

HIV-positive study participants, specifically compar-
ing the proportions of each population (i.e., HIV-nega-
tive vs. HIV-positive) possessing 0, 1, and 2 APOL1 risk 
haplotypes (G1 or G2). We will examine the association 
between APOL1 genotype and uACR and eGFR, adjust-
ing for sex, age, and HIV status. Furthermore, we will test 
whether the associations between APOL1 genotype and 
our outcomes differ by HIV status by including interac-
tion terms. Based on prior genetic association work in 
HIV-associated kidney disorders [83–89], we will test 
both additive and recessive genetic models.

Specific aim 2
Study population
The inclusion criteria are as follows:

• Participants with normoalbuminuria 
(uACR < 30  mg/g) who complete Aim 1 are eligible 
for Aim 2 (Fig. 1).

• Participants that completed Aim 1 of the separate, 
ongoing R3 study [13, 14] having normoalbuminuria 
(uACR < 30  mg/g) based on the average of two pre-
viously obtained uACR measurements (4–8  weeks 
apart) and re-confirmed via an additional uACR 
measurement obtained at time of screening for this 
study are also eligible.

Exclusion criteria

• Did not complete all scheduled Aim 1 visits
• Pregnancy (all women with reproductive potential 

will undergo urine pregnancy testing)
• Diabetes mellitus (documented diagnosis or random 

glucose ≥ 6.1 mmol/L [110 mg/dL])
• Known congenital kidney disease and/or autoim-

mune disease that can cause albuminuria
• Actively taking ACEi or ARBs, which may suppress 

albuminuria
• Regular use of NSAIDs or traditional medications
• HIV-negative but use TDF as pre-exposure prophy-

laxis or HBV treatment
• Comorbid condition with life expectancy < 3 years
• Planning to relocate within three years

Study procedures
Whole blood and urine biospecimens will be obtained 
for processing for plasma and urine pellets which will 
be processed and shipped to their respective research 
laboratories, namely, Duke University (plasma biomarker, 
Cytomegalovirus (CMV) IgG antibody (Ab) testing, and 
APOL1 genotyping) and Brigham and Women’s Hospital 
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(urine biomarkers and urine albumin, creatinine, and 
protein testing). Participants will receive reimbursement 
for comprehensive study visits. All HIV-negative study 
participants will be asked to complete a brief risk assess-
ment at each study visit, with reflex viral load testing in 
those deemed high risk, as outlined in Aim 1 (study pro-
cedures). If their HIV test results are positive, they will 
no longer participate in longitudinal follow-up. Data col-
lected prior to seroconversion will be maintained. Lon-
gitudinal assessments (enrollment visit and then every 
6 months for 30 months for a total of 5 scheduled visits 
for each participant) will include the following (as out‑
lined below):

Study measures
Demographic and clinical data elements will be 
abstracted from medical record and by self-report at 
baseline and will be updated during every scheduled 
study visit.

• Demographics: age, sex, self-reported ethnicity 
(Hausa/Fulani, Igbo, Yoruba, Other (Specify)

• Education: not literate, primary, secondary, tertiary 
(university or other college).

• Occupation: employment status (and if employed; 
details to be obtained)

• HIV transmission risk factors: heterosexual activity, 
homosexual activity, transfusion, other, unknown

• Date of HIV diagnosis (PWH only): date of first posi-
tive HIV test

• Date of ART initiation (PWH only): defined as three 
or more active antiretrovirals from two or more drug 
classes

• Dates of AIDS-defining illnesses (PWH only): defined 
per CDC list of AIDS-defining illnesses

• Dates of comorbid disease diagnoses: infections 
including TB (pulmonary and extrapulmonary), viral 
infections (HBV, HCV [Aim 1], Lassa fever, COVID-
19, etc.), AIDS-defining illnesses; NCDs including 
hypertension, diabetes, sickle cell trait or disease, 
dyslipidemia, cardiovascular disease, cancer, liver 
disease, lung disease, depression, and bone mineral 
density abnormalities (including non-traumatic frac-
tures).

• Antiretroviral medication start/stop dates (PWH 
only): from clinical record and pharmacy data (evalu-
ating current exposure as well as prior/current TDF, 
protease inhibitor use to determine cumulative expo-
sure time).

• Current medications: all medications taken at least 
once daily for ≥ 30  days, including traditional medi-
cations.

• Laboratory HIV data: all CD4 cell count and viral 
load measurements (collected per standard of care). 
SARS-CoV-2 testing will be performed per existing 
standard of care and results of all COVID-19 screen-
ing tests will be captured in the patients’ study medi-
cal record).

Social and behavioral data will be collected three times 
during study follow-up using the following scales, which 
are all available in both English and Hausa languages 
(Table 6).

• Substance use: The Alcohol, Smoking and Substance 
Involvement Screening Test (ASSIST) is a cross-cul-
tural screening of recent and lifetime substance use 
[90].

• Depression: The 9-item Patient Health Questionnaire 
(PHQ-9) [91] screens for depressive symptoms.

Clinical Assessments at all comprehensive study vis-
its will be performed by trained study nurses and will 
include:

• Vital signs: temperature, respiratory rate, heart rate, 
blood pressure (Seated BP checked every study visit 
using a validated Omron series 5 upper arm digital 
BP device).

• Anthropometrics: height, weight, waist circumference
• Urine albumin testing, uACR measurements: Albumi-

nuria will be assessed at each visit and categorized as 
defined in Aim 1. Subjects with incident macroalbu-
minuria will be referred to a clinician for evaluation 
and to a nephrologist for additional testing/manage-
ment, per standard of care.

• Urine albumin-to-protein [uAPR] ratios (HIV-positive 
participants): will be assessed to screen for possible 
TDF-mediated tubular insult as a contributing cause 
of microalbuminuria. Subjects with uAPR < 40% will 
be classified as tubular albuminuria and those 
with  uAPR ≥ 40% will be classified as glomerular 
albuminuria.

• Diabetes screening: All potentially eligible Aim 2 par-
ticipants will undergo fasting/random blood glucose 
testing to evaluate for diabetes (and if ≥ 6.1 mmol/L 
(110 mg/dL), then patient may have diabetes, is ineli-
gible, and is referred to medical provider/clinic for 
evaluation. Once enrolled, during each study visit, 
participants will be screened for symptoms of dia-
betes. In those with symptoms, we will perform fast-
ing/random blood glucose testing. if ≥ 6.1  mmol/L 
(110  mg/dL), they will be immediately referred to a 
specialist for further evaluation.
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Co‑infection screening

• Mycobacterium tuberculosis (TB): Sputum specimens 
for acid fast bacilli (AFB) microscopy and/or Gene 
Xpert testing in patients having a cough of ≥ 2 weeks 
in duration, weight loss, and/or night sweats). Myco-
bacterial blood cultures, lymph node aspirates, body 

fluid (i.e., thoracentesis) and imaging studies will be 
obtained per standard of care when evaluating for 
suspected extrapulmonary TB.

• Parasitic infections (see Table  6) (The results 
obtained from enrollment filariasis (W. bancrofti, O. 
volvulus, and L. loa) screening will determine the 
need for repeat testing at the 30-month visit (i.e., 

Table 6 Procedures for longitudinal cohort of HIV-positive (n = 1,000) and HIV-negative (n = 500) participants with normoalbuminuria 
to be followed for 30 months (n = 1500 total)

*All potentially eligible Aim 2 participants will undergo fasting blood glucose testing to evaluate for diabetes (and if ≥ 6.1

mmol/L (110 mg/dL), then patient may have diabetes, is ineligible, and is referred to medical provider/clinic for evaluation
# All participants will use their recent uACR measurement (obtained in Aim 1) for their baseline
a Two 3 mL sterile universal containers taken for uACR testing (Urine protein testing only for HIV-positives)
b Two 3 mL gold top tubes taken to measure serum creatinine (SCr)
c CBC with differential—looking for eosinophilia (common with Filariasis (especially Loa loa) and Schistosomiasis)
d POC testing for W. bancrofti antigen by Filariasis Test Strip (FTS), followed by obtaining nocturnal thick blood smears for

microfilaria [between 10 pm—2 am] in FTS-positive persons. Brugia spp. are not endemic to Africa, so testing for W

bancrofti will be sufficient
e Onchocerca volvulus ELISA is not sensitive enough to rule out infection. Physical exam findings are also not sensitive. No one

will want to be snipped every 6 months, but since filarial worms are long-lived (> 5 years), snipping at the beginning and end

of study should capture anyone who is infected at study onset or becomes infected during the study
f Stool for O&P to be done screening for S. mansoni and soil transmitted helminths (e.g., Ascaris, Trichuris, Hookworm)
g Strongyloides IgG ELISA at baseline in ALL participants & test all persons testing NEG at enrolment again at 30 months
h Sputum specimens (5 mL) to be collected and sent for Gene Xpert testing and/or microscopy (acid fast bacilli staining)
i Two 3 mL purple top tubes for plasma biomarkers and one 5–7 mL urine specimens for urine biomarkers (and stored)
j Two 3 mL purple top EDTA tubes and one 5–7 mL urine specimen to be obtained and stored for future/approved testing

Procedure / Visit (month (mo)) Enrollment 6 mo 12 mo 24 mo 30 mo

Seated blood pressure check X X X X X

Diabetes mellitus screening (perform fasting blood glucose if any signs/symptoms suggestive of 
underlying diabetes)

X* X X X X

uACR a (No urine protein testing necessary for enrolled Aim 2 HIV-positive adults with normoal-
buminuria as all HIV-positive ART-treated adults from Aim 1 will have one uAPR measurement) 
(We will have stored urine at 3 timepoints to go back and perform uAPR testing in patients with 
incident microalbuminuria)

X# (We will use 
Aim 1 uACR as par-
ticipants baseline 
value)

X X

Serum creatinine (SCr)b X (We will use 
Aim 1 SCr as their 
baseline value)

X X

Parasite screening

Complete blood count (CBC) with  differentialc X X X X X

Urine dipstick (spun for all patients with hematuria followed by urine microscopy (S. haemato-
bium)

X X X X X

Malaria testing (rapid diagnostic test) at point-of-care (POC) using fingerprick specimen X X X X X

Filariasis POC testing for Wuchereria bancroftid X X

Onchocerciasis testing (bilateral skin snips)e X X

Stool for ova and parasite (stool O&P)f X X X X X

Daytime thick blood smear for Loa loa (10 AM–2 PM) X X

Strongyloides IgG serology (plasma)g X X

Tuberculosis  screeningh X X X X X

Inflammatory biomarkers (urine and plasma)i X X

CD4 cell count X X

Viral load (plasma HIV RNA) X X

Social and Behavioral data X X X

Additional tubes for  storagej X X X
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if prevalence is extremely low, we will not re-test at 
the 30-month visit).

Adverse clinical outcomes will be assessed at all study visits 
by trained study research staff

• Hospitalizations: We will ask all participants if they 
have been hospitalized in the previous 6 months. If 
they answer affirmatively, we will ask the reason for 
hospitalization and approximate dates.

• Death: Ascertained from medical records or from 
a contact identified by the participant during con-
sent.

• Inflammation will be assessed from plasma and urine 
specimens collected, as detailed in Table  6. Plasma 
inflammatory biomarker assay testing will be per-
formed in duplicate at the DMPI Biomarker Core 
Facility using the Mesoscale Discovery Platform. 
Based on the literature, we chose a panel of plasma 
and urine biomarkers [92–101] that will help us elu-
cidate the processed by which chronic inflammation 
contributes to albuminuria. Urine inflammatory/
tubular injury biomarker assay testing will be per-
formed at the Bonventre laboratory (Brigham and 
Women’s Hospital Biomarker Laboratory, Boston, 
MA, USA). Some are novel biomarkers whose role in 
clinical research is being defined.

• Plasma inflammatory markers: highly sensitive 
C-reactive protein (hsCRP), IL-6, soluble TNF-recep-
tor 1 (TNFR-1), soluble TNF-receptor 2 (TNFR-2), 
IL-1β, and TNF (with biomarker levels of sCD14, 
fibrinogen, and possibly additional plasma biomarker 
levels to be ascertained pending additional funding/
approved sub-studies).

• Urine inflammatory/tubular injury biomarkers: 
NGAL, KIM-1, and MCP-1 (with biomarker levels 
of IL-18, interferon-gamma inducible protein-10 (IP-
10), and possibly additional urine biomarker levels to 
be ascertained pending additional funding/approved 
sub-studies).

Study outcomes

1. Proportion of Aim 2 longitudinal cohort partici-
pants experiencing progression from normoalbu-
minuria (uACR < 30  mg/g) to microalbuminuria 
(uACR = 30–300  mg/g), at 30  months of follow-up, 
overall, and by TB infection, parasitic infection, and 

inflammation (high levels of plasma and/or urine 
inflammatory marker levels) status.

2. Proportion experiencing a doubling of serum creati-
nine.

3. Proportion experiencing a decline in eGFR > 30% at 
30 months (using the 2021 CKD-EPI eGFR creatinine 
(age and sex)) equation.

4. Mean change in eGFR at 30 months (using the 2021 
CKD-EPI eGFR creatinine (age and sex)) equation.

5. Mean change in uACR at 30 months.

Statistical considerations
Sample size
We will enroll 1500 (1000 HIV-positive and 500 HIV-
negative) patients with normoalbuminuria and follow 
them for up to 30  months. Table  7 summarizes differ-
ences in albuminuria incidence that we will have 80% 
power to detect between the HIV-positive and HIV-
negative groups, over a range of sample sizes and albu-
minuria incidence rates in the HIV-positive group. We 
will have approximately 80% power to detect a differ-
ence of developing albuminuria of 10% (HIV-positive) vs. 
5.9% (HIV-negative), or a relative risk of about 1.70 (Bold 
emphasis row in Table 7).

Statistical analysis plan
Demographic and clinical characteristics will be summa-
rized by descriptive statistics. We will perform two sets 
of analyses: (1) categorizing uACR and investigating time 
from enrollment to albuminuria onset (first uACR meas-
urement > 30 mg/g), and (2) keeping uACR as a continu-
ous variable and investigating mean change in repeated 
uACR measures. Categorization of uACR is common 
in the literature and allows easy clinical interpretation, 
whereas continuous analysis tends to result in greater 
power. For (1), discrete-time proportional hazards mod-
els with a complementary log–log link will be fit. For (2), 

Table 7 Detectable alternative for various rates of developing 
albuminuria for the HIV-positive adult patients

HIV-
positive 
adults, N

HIV-
negative 
adults, N

3-year 
incidence of 
albuminuria 
for HIV-
positive 
adults

3-year 
incidence of 
albuminuria, 
HIV-
negative 
adults, 80% 
power to 
detect

Relative Risk

1000 500 5% 2.2% 2.28

1000 500 10% 5.9% 1.70
1000 500 15% 10.0% 1.51
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generalized estimating equations (GEE) with an identity 
link (i.e., linear model) will be fit to repeated measures 
of  log10-transformed uACR. We will fit models limited 
to PWH, with cumulative TDF exposure as the primary 
(time-varying) exposure. The association between albu-
minuria and cumulative exposure to other regimens (e.g., 
protease inhibitors) will also be considered, both in mod-
els with and without cumulative TDF exposure. Analyses 
will adjust for viral suppression status. Secondary analy-
ses will exclude the anticipated small proportion (< 5%) 
that will not be virally suppressed.

For hypothesis (ii), we will fit models with HIV status, 
hypertension, and an interaction between HIV status and 
hypertension. For hypothesis (iii), we will fit models with 
time-updated biomarkers of inflammation, both current 
and cumulative exposure. For inflammatory analyses, 
we will compute a composite inflammation score [102] 
for each participant that has been shown to accurately 
predict the phenotype of interest, based on levels (at 
least initially) of select markers, with a score of 1 being 
assigned to each individual biomarker measurement 
deemed “high” (or “significantly elevated”) delineated as 
follows: hsCRP > 3 mg/L, IL-6 > 6 pg/mL, TNF ≥ 7 pg/mL, 
and IL-1β ≥ 0.39  pg/mL. We will also perform analyses 
including inflammation biomarkers as continuous vari-
ables, both individually and in combination with other 
biomarkers.

Urine and plasma biomarkers will be collected and 
stored on all Aim 2 study participants, but we will per-
form case–control analyses using cases defined as 
participants who develop incident albuminuria dur-
ing follow-up (i.e., incident cases) and compare their 
biomarker profiles to a matched set of non-albuminu-
ric controls. We conservatively estimate that we will 
observe ~ 130 incident cases; we plan to match three 
controls to each case based on age (± 10 years), sex, HIV-
status, CD4 cell count at enrollment among those HIV-
positive (within 50 cells/mm3), and hypertension status. 
If matching on this many factors proves to be difficult, 
then we will consider matching on the predicted prob-
ability of being a case based on the factors listed above 
(i.e., propensity score-type matching). We will account 
for the case-cohort nature of the design with appropriate 
analyses that account for outcome-dependent sampling 
[103].

All analyses will account for confounding variables, 
including time-updated viral suppression status (only 
participants with suppressed viral load will be enrolled), 
smoking status, BMI, CD4 cell count, age, exposure to 
TDF or protease inhibitors, etc. We anticipate using pro-
pensity score matching weights [104], to account for the 
high number of confounders, particularly in our time-to-
albuminuria analyses (which will likely not have enough 

events to allow inclusion of all potential confounders). 
In all analyses, to relax linearity assumptions, continu-
ous predictors will be expanded using restricted cubic 
splines.

Missing data, which we assume will be minimal, will be 
imputed using multiple imputation procedures. The lon-
gitudinal nature of our data collection may also permit 
investigation of mediation (e.g., hypertension → inflam-
mation → albuminuria), which will be explored using 
relevant methods [105].

Discussion
APOL1 high risk genotype and traditional risk factors 
for kidney disease (e.g., hypertension, diabetes, smok-
ing) do not fully explain the high rates of albuminuria 
seen in our HIV-positive, ART-experienced adult Nige-
rian population, although hypertension is likely to be an 
important contributing factor. Other factors that may 
contribute to albuminuria can be broken down into three 
main categories, two of which will be evaluated in-depth 
in this study: i) direct kidney injury (i.e. exposure to the 
ARV medication TDF, which can cause tubulopathy); 
ii) immune activation/inflammation from HIV or spe-
cific viral pathogens (CMV, HBV, or HCV) and/or other 
endemic co-infections (i.e. parasitic infestations, tuber-
culosis); and iii) environmental factors/exposures (i.e. tra-
ditional medications, heavy metals, etc.).

This study is innovative for the following reasons: (i) 
The findings of this study, depending on which factors 
are identified as contributing most to microalbuminuria, 
will guide the design of interventions aimed at identify-
ing and more aggressively managing microalbuminuria 
in PWH earlier in their risk trajectory towards overt car-
diovascular and kidney disease; (ii) This will be the first 
study in sub-Saharan Africa to comprehensively evaluate 
the interplay between genetic susceptibility (APOL1 risk 
alleles), comorbid traditional risk factors, and chronic 
inflammation/immune activation and endemic co-infec-
tions on microalbuminuria. Prior studies in this popula-
tion have rarely considered the role of comorbid sickle 
cell trait/sickle cell disease or the impact of co-infections 
other than HBV or HCV.

The anticipated findings from this study will support 
the development of interventions to address microalbu-
minuria in PWH to reduce kidney and cardiovascular 
morbidity and mortality, including more intensive moni-
toring and treatment of traditional risk factors, provision 
of renin-angiotensin aldosterone system or sodium-glu-
cose cotransporter-2 inhibitors, consideration of changes 
in ART regimen, and screening and treatment for rel-
evant co-infections.
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Trial status
The current version of the protocol is version 6.0., with 
enrollment slated to commence in July 2022. We antici-
pate enrollment for aim 1 to be completed by October 
1, 2022, and enrollment for aim 2 to be completed by 
December 31, 2022.

Abbreviations
AKTH: Aminu Kano Teaching Hospital; Kano, Nigeria-study site; APOL1 HR: 
Apolipoprotein-1 high-risk genotype; APOL1: Apolipoprotein-1; ARB: Angioten-
sin receptor blocker; ART : Combination antiretroviral therapy; ASSIST: Alcohol, 
Smoking and Substance Involvement Screening Test screening tool; ARV: 
Antiretroviral medication.; BMI: Body mass index.; CD4: CD4 helper cell/CD4 
cell count; CKD: Chronic kidney disease; CKDEPI: Chronic kidney disease epi-
demiology collaboration; CMV: Cytomegalovirus; CrCl: Calculated creatinine 
clearance; CyC: Serum cystatin C; EDTA: Ethylenediaminetetraacetic acid (pur-
ple top tube); eGFR: Estimated glomerular filtration rate; ELISA: Enzyme-linked 
immunosorbent assay; ESKD: End-stage kidney disease; FSGS: Focal segmental 
glomerulosclerosis; GEE: Generalized estimating equation; HBV: Hepatitis 
B virus; HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; HR: 
High-risk (APOL1) genotype; hsCRP: Highly sensitive C-reactive protein; IL-1β: 
Interleukin-1 Beta; IL-6: Interleukin-6; JNC: Joint national committee (for blood 
pressure classification); LR: Low-risk (APOL1) genotype; LTFU: Lost to follow-up; 
PHQ-9: Patient health questionnaire; depression screening tool; PLHIV: People 
living with HIV; POC: Point-of-care; R3: Renal Risk Reduction study; RAAS: 
Renin-angiotensin aldosterone system; RCT : Randomized controlled trial; SCr: 
Serum creatinine; SD: Standard deviation(s); TAF: Tenofovir alafenamide; TDF: 
Tenofovir disoproxil fumarate; TLD: Tenofovir (TDF), lamuvidine (3TC), plus 
dolutegravir (DTG); TNF: Tumor necrosis factor; uACR : Urine albumin-to-creati-
nine ratio; uAPR: Urine albumin-to-protein ratio; VL: Viral load (HIV-1 RNA level).

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12879- 022- 07531-y.

Additional file 1. SPIRIT Checklist for Trials.

Additional file 2. SPIRIT Figure.

Acknowledgements
We want to formally acknowledge the contributions of all our research staff 
and participants at AKTH.

Author contributions
CWW, BES, UJW, DJI, JBK, CAW, CMW, and MHA contributed to study develop-
ment, design, and analysis and were the leads in finalizing the article. CWW 
worked closely with the senior author (MHA) and was the lead in drafting the 
article. BES and HLP led the development of the biostatistical components 
of this study. BMM, DJI, FSD, AAA, and BAG made significant contributions to 
the conception of the work, and authors JVB, AT, and OAO made significant 
contributions to the design of the work (including the specific methods/study 
measurement ascertainment pertaining to genetic testing (genotyping), 
kidney outcomes, and inflammatory biomarkers (urine and plasma). Author 
PJB contributed to the study development, design, and analysis for the Aim 2 
parasite related components. All authors (CWW, BES, UJW, BMM, DJI, HLP, FSD, 
AAA, BAG, PJB, AT, OAO, CAW, JBK, JVB, CMW, and MHA) have approved the 
submitted version of the manuscript. All authors read and approved the final 
manuscript.

Funding
This work is supported by the National Institute of Diabetes and Digestive 
and Kidney Diseases (NIDDK) of the National Institutes of Health (NIH), R01 
DK127912. The findings and conclusions are those of the authors and do 
not necessarily represent the official position of the NIDDK, the Depart-
ment of Health and Human Services or the government of the United 
States of America. This project has also been funded in part with federal 

funds from the National Cancer Institute, National Institutes of Health, under 
contract 75N91019D00024. This Research was supported in part by the 
Intramural Research Program of the NIH, National Cancer Institute, Center for 
Cancer Research. The content of this publication does not necessarily reflect 
the views or policies of the Department of Health and Human Services, nor 
does mention of trade names, commercial products, or organizations imply 
endorsement by the U.S. Government. The study protocol has been reviewed/
approved by involved ethical review boards.

Availability of data and materials
Deidentified patient- and study-level data as well as the study protocol, under-
lying the study findings from this study (when available), will be shared by the 
corresponding author on request. Analysis scripts will be posted at https:// 
biost at. app. vumc. org/ wiki/ Main/ Archi vedAn alyses. De-identified and linked 
phenotype and genotype data generated from consenting human subjects 
in this study will be posted on a publicly accessible repository, such as dbGaP, 
with appropriate access controls.

Declarations

Ethics approval and consent to participate
Research and regulatory approvals have been obtained from the AKTH Ethics 
Committee (FWA00026225), and the Institutional Review Board of Vanderbilt 
University (FWA00005756). Written informed consent will be obtained from all 
study participants in this research study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Vanderbilt Institute for Global Health (VIGH), 2525 West End Avenue, Suite 
750, Nashville, TN 37203-1738, USA. 2 Department of Medicine, Division 
of Infectious Diseases, Vanderbilt University Medical Center (VUMC), Nashville, 
TN 37203-1738, USA. 3 Department of Biostatistics, Vanderbilt University Medi-
cal Center (VUMC), Nashville, TN, USA. 4 Department of Medicine, Aminu Kano 
Teaching Hospital (AKTH), Kano, Nigeria. 5 Africa Center of Excellence for Popu-
lation Health and Policy, Bayero University, Kano, Nigeria. 6 Department of Fam-
ily Medicine, Aminu Kano Teaching Hospital (AKTH), Kano, Nigeria. 7 Depart-
ment of Medicine, Infectious Diseases Division, Washington University in St. 
Louis School of Medicine, St. Louis, MO, USA. 8 Brigham and Women’s Hospital, 
Division of Renal Medicine, Boston, MA, USA. 9 Department of Medicine, 
Harvard Medical School, Boston, MA, USA. 10 Department of Medicine, Division 
of Nephrology, Duke University School of Medicine, Duke Clinical Research 
Institute, Durham, NC, USA. 11 Basic Research Laboratory, Frederick National 
Laboratory for Cancer Research, Frederick, MD, USA. 12 Kidney Diseases Branch, 
National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK), 
Bethesda, MD, USA. 13 Department of Health Policy, Vanderbilt University Medi-
cal Center (VUMC), Nashville, TN, USA. 

Received: 16 May 2022   Accepted: 11 June 2022

References
 1. Matsushita K, van der Velde M, Astor BC, Woodward M, Levey AS, de 

Jong PE, Coresh J, Gansevoort RT, Chronic Kidney Disease Prog-
nosis Consortium. Association of estimated glomerular filtration 
rate and albuminuria with all-cause and cardiovascular mortality in 
general population cohorts: a collaborative meta-analysis. Lancet. 
2010;375(9731):2073–81.

 2. Fox CS, Matsushita K, Woodward M, Bilo HJ, Chalmers J, Heerspink 
HJ, Lee BJ, Perkins RM, Rossing P, Sairenchi T, Tonelli M, Vassalotti JA, 
Yamagishi K, Coresh J, de Jong PE, Wen CP, Nelson RG, Chronic Kidney 
Disease Prognosis Consortium. Associations of kidney disease measures 
with mortality and end-stage renal disease in individuals with and 
without diabetes: a meta-analysis. Lancet. 2012;380(9854):1662–73.

https://doi.org/10.1186/s12879-022-07531-y
https://doi.org/10.1186/s12879-022-07531-y
https://biostat.app.vumc.org/wiki/Main/ArchivedAnalyses
https://biostat.app.vumc.org/wiki/Main/ArchivedAnalyses


Page 15 of 17Wester et al. BMC Infectious Diseases          (2022) 22:591  

 3. Khosla N, Sarafidis PA, Bakris GL. Microalbuminuria. Clin Lab Med. 
2006;3:635–53.

 4. Mann JFE, Yi Q-L, Gerstein HC. Albuminuria as a predictor of cardiovas-
cular and renal outcomes in people with known atherosclerotic cardio-
vascular disease. Kidney Int Suppl. 2004;66(Supplement 92):S59–62.

 5. Gerstein HC, Mann JF, Yi Q, et al. Albuminuria and risk of cardiovascular 
events, death, and heart failure in diabetic and nondiabetic individuals. 
JAMA, J Am Med Assoc. 2001;286(4):421–6.

 6. Katz DH, Selvaraj S, Aguilar FG, et al. Association of low-grade albu-
minuria with adverse cardiac mechanics: findings from the hyperten-
sion genetic epidemiology network (HyperGEN) study. Circulation. 
2014;129(1):42–50.

 7. Baweja S, Kent A, Masterson R, Roberts S, McMahon LP. Prediction of 
pre-eclampsia in early pregnancy by estimating the spot urinary albu-
min: creatinine ratio using high-performance liquid chromatography. 
BJOG. 2011;118(9):1126–32.

 8. Rodriguez MH, Masaka DI, Mestman J, Kumar K, Rude R. Calcium/creati-
nine ratio and microalbuminuria in the prediction of preeclampsia. Am 
J Obstet Gynecol. 1988;159(6):1452–5.

 9. Keane WF, Eknoyan G. Proteinuria, albuminuria, risk, assessment, detec-
tion, elimination (PARADE): a position paper of the National Kidney 
Foundation. Am J Kidney Dis. 1999;33(5):1004–10.

 10. Wyatt CM, Hoover DR, Shi Q, Seaberg E, Wei C, Tien PC, Karim R, Lazar 
J, Young MA, Cohen MH, Klotman PE, Anastos K. Microalbuminuria is 
associated with all-cause and AIDS mortality in women with HIV infec-
tion. J Acquir Immune Defic Syndr. 2010;55(1):73–7.

 11. Choi A, Scherzer R, Bacchetti P, et al. Cystatin C, albuminuria, and 
5-year all-cause mortality in HIV-infected persons. Am J Kidney Dis. 
2010;56(5):872–82.

 12. Gupta SK, Komarow L, Gulick RM, Pollard RB, Robbins GK, Franceschini 
N, Szczech LA, Koletar SL, Kalayjian RC. Proteinuria, creatinine clearance, 
and immune activation in antiretroviral-naive HIV-infected subjects. J 
Infect Dis. 2009;15(200):614–8.

 13. Wudil UJ, Aliyu MH, Prigmore HL, Ingles DJ, Ahonkhai AA, Musa BM, 
Muhammad H, Sani MU, Nalado AM, Abdu A, Abdussalam K, Shepherd 
BE, Dankishiya FS, Burgner AM, Ikizler TA, Wyatt CM, Kopp JB, Kimmel PL, 
Winkler CA, Wester CW. Apolipoprotein-1 risk variants and associated 
kidney phenotypes in an adult HIV cohort in Nigeria. Kidney Int. 2021. 
https:// doi. org/ 10. 1016/j. kint. 2021. 03. 038.

 14. Aliyu MH, Wudil UJ, Ingles DJ, Shepherd BE, Gong W, Musa BM, Muham-
mad H, Sani MU, Abdu A, Nalado AM, Atanda A, Ahonkhai AA, Ikizler 
TA, Winkler CA, Kopp JB, Kimmel PL, Wester CW. Optimal management 
of HIV-positive adults at risk for kidney disease in Nigeria (Renal Risk 
Reduction “R3” Trial): protocol and study design. Trials. 2019;20:341.

 15. (Centers for Disease Control and Prevention (CDC) Sickle Cell Disease); 
https:// www. cdc. gov/ ncbddd/ sickl ecell/ data. html. Accessed 15 Dec 
2020.

 16. Ashorobi D, Ramsey A, Yarrarapu SNS, et al. Sickle Cell Trait. [Updated 
2020 Sep 16]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls, 
2020.

 17. Naik RP, Derebail VK, Grams ME, Franceschini N, Auer PL, Peloso GM, 
Young BA, Lettre G, Peralta CA, Katz R, Hyacinth HI, Quarells RC, Grove 
ML, Bick AG, Fontanillas P, Rich SS, Smith JD, Boerwinkle E, Rosamond 
WD, Ito K, Lanzkron S, Coresh J, Correa A, Sarto GE, Key NS, Jacobs DR, 
Kathiresan S, Bibbins-Domingo K, Kshirsagar AV, Wilson JG, Reiner AP. 
Association of sickle cell trait with chronic kidney disease and albumi-
nuria in African Americans. J Am Med Assoc. 2014;312(20):2115–25.

 18. Key NS, Derebail VK. Sickle cell trait: novel clinical significance. Hematol-
ogy. 2010;2010:418–22.

 19. Tsaras G, Owusu-Ansah A, Boateng FO, Amoateng-Adjepong Y. Com-
plications associated with sickle cell trait: a brief narrative review. Am J 
Med. 2009;122(6):507–12.

 20. Heller P, Best WR, Nelson RB, Beckel J. Clinical complications of sickle cell 
trait and glucose-6-phosphate dehydrogenase deficiency in hospital-
ized black male patients. N Engl J Med. 1979;300(18):1001–5.

 21. Statius Van Eps LW, Pinedo-Veels C, de Vries GH, Koning J. Nature of 
concentrating defect in sickle cell nephropathy: microradiographic 
studies. Lancet. 1970;1(7644):450–2.

 22. Grant AM, Parker CS, Jordan LB, et al. Public health implications of sickle 
cell trait: a report of the CDC meeting. Am J Prev Med. 2011;41:S435–9.

 23. Derebail VK, Nachmann PH, Key NS, Ansede H, Falk RJ, Kshirsagar AV. 
High prevalence of sickle cell trait in African Americans with ESRD. J Am 
Soc Nephrol. 2010;21(3):413–7.

 24. Gazzard BG, Anderson J, Babiker A, et al. BHIVA Treatment Guidelines 
Writing Group. British HIV Association Guidelines for the treatment 
of HIV-1-infected adults with antiretroviral therapy 2008. HIV Med. 
2008;9:563–608.

 25. Gallant JE, Staszewski S, Pozniak AL, et al. 903 Study Group. Efficacy and 
safety of tenofovir DF vs stavudine in combination therapy in antiretro-
viral-naïve patients: a 3-year randomized trial. JAMA. 2004;292:191–201.

 26. Pozniak AL, Gallant JE, DeJesus E, et al. Tenofovir disoproxil fumarate, 
emtricitabine, and efavirenz versus fixed-dose zidovudine/lamivudine 
and efavirenz in antiretroviral-naive patients: virologic, immunologic, 
and morphologic changes–a 96-week analysis. J Acquir Immune Defic 
Syndr. 2006;43:535–40.

 27. Samarawickrama A, Cai M, Smith ER, et al. Simultaneous measurement 
of urinary albumin and total protein may facilitate decision-making 
in HIV-infected patients with proteinuria. HIV Med. 2012;13:626–532. 
https:// doi. org/ 10. 1111/j. 1468- 1293. 2012. 01003.x.

 28. Mocroft A, Kirk O, Gatell J, et al. Chronic renal failure among HIV-1-in-
fected patients. AIDS. 2007;21:1119–27.

 29. Nelson MR, Katlama C, Montaner JS, et al. The safety of tenofovir diso-
proxil fumarate for the treatment of HIV-infection in adults: the first 4 
years. AIDS. 2007;21:1273–81.

 30. Peyriere H, Reynes J, Rouanet I, et al. Renal tubular dysfunction associ-
ated with tenofovir therapy: report of 7 cases. J Acquir Immune Defic 
Syndr. 2004;35:269–73.

 31. Woodward CL, Hall AM, Williams IG, et al. Tenofovir-associated renal and 
bone toxicity. HIV Med. 2009;10:482–7.

 32. Gupta SK. Tenofovir-associated Fanconi syndrome: review of the 
FDA adverse event reporting system. AIDS Patient Care STDS. 
2008;22:99–103.

 33. Dauchy FA, Lawson-Ayayi S, de la Faille R, et al. Increased risk of abnor-
mal proximal renal tubular function with HIV-infection and antiretroviral 
therapy. Kidney Int. 2011;80:302–9.

 34. Tenorio AR, Zheng Y, Bosch RJ, Krishnan S, Rodriguez B, Hunt PW, et al. 
Soluble markers of inflammation and coagulation but not T-cell activa-
tion predict non-AIDS-defining morbid events during suppressive 
antiretroviral treatment. J Infect Dis. 2014;210:1248–59. https:// doi. org/ 
10. 1093/ infdis/ jiu254.

 35. The Antiretroviral Therapy Cohort Collaboration. Life expectancy of 
individuals on combination antiretroviral therapy in high-income 
countries: a collaborative analysis of 14 cohort studies. Lancet. 
2008;372:293–9. https:// doi. org/ 10. 1016/ S0140- 6736(08) 61113-7.

 36. Bedimo RJ, McGinnis KA, Dunlap M, Rodriguez-Barradas MC, Justice AC. 
Incidence of non-AIDS-defining malignancies in HIV-infected versus 
non-infected patients in the HAART era: impact of immunosuppression. 
J Acquir Immune Defic Syndr. 2009;52:203–8.

 37. Patel P, Hanson DL, Sullivan PS, et al. Incidence of types of cancer 
among HIV-infected persons compared with the general population in 
the United States, 1992–2003. Ann Intern Med. 2008;148:728–36.

 38. Klein D, Hurley LB, Quesenberry CP Jr, Sidney S. Do protease inhibitors 
increase the risk for coronary heart disease in patients with HIV-1 infec-
tion? J Acquir Immune Defic Syndr. 2002;30:471–7.

 39. Lang S, Mary-Krause M, Cotte L, et al. Increased risk of myocardial infarc-
tion in HIV-infected patients in France, relative to the general popula-
tion. AIDS. 2010;24:1228–30.

 40. Lang S, Mary-Krause M, Cotte L, et al. Impact of individual antiretroviral 
drugs on the risk of myocardial infarction in human immunodefi-
ciency virus-infected patients: a case-control study nested within the 
French Hospital Database on HIV ANRS cohort CO4. Arch Intern Med. 
2010;170:1228–38.

 41. Armah KA, McGinnis K, Baker J, et al. HIV status, burden of comorbid 
disease, and biomarkers of inflammation, altered coagulation, and 
monocyte activation. Clin Infect Dis. 2012;55:126–36.

 42. Boulware DR, Hullsiek KH, Puronen CE, et al. Higher levels of CRP, 
D-dimer, IL-6, and hyaluronic acid before initiation of antiretroviral 
therapy (ART) are associated with increased risk of AIDS or death. J 
Infect Dis. 2011;203:1637–46.

https://doi.org/10.1016/j.kint.2021.03.038
https://www.cdc.gov/ncbddd/sicklecell/data.html
https://doi.org/10.1111/j.1468-1293.2012.01003.x
https://doi.org/10.1093/infdis/jiu254
https://doi.org/10.1093/infdis/jiu254
https://doi.org/10.1016/S0140-6736(08)61113-7


Page 16 of 17Wester et al. BMC Infectious Diseases          (2022) 22:591 

 43. Hunt PW, Cao HL, Muzoora C, et al. Impact of CD8+ T-cell activation on 
CD4+ T-cell recovery and mortality in HIV-infected Ugandans initiating 
antiretroviral therapy. AIDS. 2011;25:2123–31.

 44. Hunt PW, Martin JN, Sinclair E, et al. T cell activation is associated with 
lower CD4+ T cell gains in human immunodeficiency virus-infected 
patients with sustained viral suppression during antiretroviral therapy. J 
Infect Dis. 2003;187:1534–43.

 45. Kaplan RC, Sinclair E, Landay AL, et al. T cell activation and senescence 
predict subclinical carotid artery disease in HIV-infected women. J 
Infect Dis. 2011;203:452–63.

 46. Kuller LH, Tracy R, Belloso W, et al. Inflammatory and coagulation bio-
markers, and mortality in patients with HIV infection. PLOS Med. 2008;5: 
e203.

 47. Neuhaus J, Jacobs DR Jr, Baker JV, et al. Markers of inflammation, coagu-
lation, and renal function are elevated in adults with HIV infection. J 
Infect Dis/. 2010;201:1788–95.

 48. Sandler NG, Wand H, Roque A, et al. Plasma levels of soluble CD14 
independently predict mortality in HIV infection. J Infect Dis/. 
2011;203:780–90.

 49. Tien PC, Choi AI, Zolopa AR, et al. Inflammation and mortality in HIV-
infected adults: analysis of the FRAM study cohort. J Acquir Immune 
Defic Syndr. 2010;55:316–22.

 50. Duprez DA, Neuhaus J, Kuller LH, et al. Inflammation, coagulation, and 
cardiovascular disease in HIV-infected individuals. PLoS ONE. 2012;7: 
e44454.

 51. Lang S, Mary-Krause M, Simon A, et al. HIV replication and immune 
status are independent predictors of the risk of myocardial infarction in 
HIV-infected individuals. Clin Infect Dis. 2012;55:600–7.

 52. Fahey JL, Taylor JM, Detels R, et al. The prognostic value of cellular and 
serologic markers in infection with human immunodeficiency virus 
type 1. N Engl J Med. 1990;322:166–72.

 53. Giorgi JV, Hultin LE, McKeating JA, et al. Shorter survival in advanced 
human immunodeficiency virus type 1 infection is more closely associ-
ated with T lymphocyte activation than with plasma virus burden or 
virus chemokine coreceptor usage. J Infect Dis. 1999;179:859–70.

 54. Giorgi JV, Liu Z, Hultin LE, Cumberland WG, Hennessey K, Detels R. 
Elevated levels of CD38+ CD8+ T cells in HIV infection add to the 
prognostic value of low CD4+ T cell levels: results of 6 years of follow-
up. The Los Angeles Center, Multicenter AIDS Cohort Study. J Acquir 
Immune Defic Syndr. 1993;6:904–12.

 55. Liu Z, Cumberland WG, Hultin LE, Kaplan AH, Detels R, Giorgi JV. CD8+ 
T-lymphocyte activation in HIV-1 disease reflects an aspect of patho-
genesis distinct from viral burden and immunodeficiency. J Acquir 
Immune Defic Syndr Hum Retrovirol. 1998;18:332–40.

 56. Fahey JL, Taylor JM, Manna B, et al. Prognostic significance of plasma 
markers of immune activation, HIV viral load and CD4 T-cell measure-
ments. AIDS. 1998;12:1581–90.

 57. Landay A, da Silva BA, King MS, et al. Evidence of ongoing immune 
reconstitution in subjects with sustained viral suppression following 6 
years of lopinavir-ritonavir treatment. Clin Infect Dis. 2007;44:749–54.

 58. French MA, King MS, Tschampa JM, da Silva BA, Landay AL. Serum 
immune activation markers are persistently increased in patients with 
HIV infection after 6 years of antiretroviral therapy despite suppres-
sion of viral replication and reconstitution of CD4+ T cells. J Infect Dis. 
2009;200:1212–5.

 59. Almeida M, Cordero M, Almeida J, Orfao A. Abnormal cytokine produc-
tion by circulating monocytes and dendritic cells of myeloid origin in 
ART-treated HIV-1+ patients relate to CD4+ T-cell recovery and HCV 
co-infection. Curr HIV Res. 2007;5:325–36.

 60. Almeida M, Cordero M, Almeida J, Orfao A. Different subsets of periph-
eral blood dendritic cells show distinct phenotypic and functional 
abnormalities in HIV-1 infection. AIDS. 2005;19:261–71.

 61. Hunt PW. HIV and inflammation: mechanisms and consequences. 
Curr HIV/AIDS Rep. 2012;2012(9):139–47. https:// doi. org/ 10. 1007/ 
s11904- 012- 0118-8.

 62. DosSantos PL, de Oliveira FA, Luize M, Santos MLB, et al. The severity of 
visceral leishmaniasis correlates with elevated levels of serum IL-6, IL-27 
and sCD14. PLoS Negl Trop Dis. 2016;10(1):e0004375. https:// doi. org/ 10. 
1371/ journ al. pntd. 00043 75.

 63. Maegraith B. Pathological processes in malaria. Trans R Soc Trop Med 
Hyg. 1948;41:687–704.

 64. Barral-Netto M, Badaro R, Barral A, Almeida RP, Santos SB, Badaro F, et al. 
Tumor necrosis factor (cachectin) in human visceral leishmaniasis. J 
Infect Dis. 1991;163:853–7.

 65. Clark IA, Alleva LM, Mills AC, Cowden WB. Pathogenesis of malaria and 
clinically similar conditions. Clin Microbiol Rev. 2004;17:509–39.

 66. Costa CH, Werneck GL, Costa DL, Holanda TA, Aguiar GB, Carvalho 
AS, et al. Is severe visceral leishmaniasis a systemic inflammatory 
response syndrome? A case control study. Rev Soc Bras Med Trop. 
2010;43:386–92.

 67. Goto H, Prianti M. Immunoactivation and immunopathogeny 
during active visceral leishmaniasis. Rev Inst Med Trop Sao Paulo. 
2009;51:241–6.

 68. Van Velthuysen MLF, Florquin S. Glomerulopathy associated with 
parasitic infections. Clin Microbiol Rev. 2000;13(1):55–66 (Copyright © 
2000, American Society for Microbiology. All Rights Reserved).

 69. Barsoum RS. Parasitic kidney disease: milestones in the evolution of our 
knowledge. Amer J Kidney Dis. 2013;61(3):501–13. https:// doi. org/ 10. 
1053/j. ajkd. 2012. 09. 025.

 70. Zavala GA, Garcia OP, Camacho M, et al. Intestinal parasites: associa-
tions with intestinal and systemic inflammation. Parasite Immunol. 
2018;40(4):e12518. https:// doi. org/ 10. 1111/ pim. 12518.

 71. Burnett RJ, Francois G, Kew MC, et al. Hepatitis B virus and human 
immunodeficiency virus co-infection in sub-Saharan Africa: a call for 
further investigation. Liver Int. 2005;25(2):201–13.

 72. Ramendra R, Isnard S, Lin J, et al. Cytomegalovirus seropositivity is 
associated with increased microbial translocation in people living with 
human immunodeficiency virus and uninfected controls. Clin Infect Dis. 
2020. https:// doi. org/ 10. 1093/ cid/ ciz10 01.

 73. Sokoya T, Steel HC, Nieuwoudt M, Rossouw TM. Review article: HIV as a 
cause of immune activation and immunosenescence. Hindawi Media-
tors of Inflamm. 2017. https:// doi. org/ 10. 1155/ 2017/ 68254 93.

 74. Aliyu GG, Aliyu SH, Ehoche A, Dongarwar D, Yusuf RA, Aliyu MH, Salihu 
HM. The burden of HIV, Hepatitis B and Hepatitis C by armed conflict 
setting: the nigeria aids indicator and impact survey, 2018. Ann Glob 
Health. 2021;87(1):53. https:// doi. org/ 10. 5334/ aogh. 3226.

 75. Kupin WL, Viral-Associated GN. Hepatitis B and other viral infections. 
Clin J Am Soc Nephrol. 2017;12:1529–33. https:// doi. org/ 10. 2215/ CJN. 
09180 816.

 76. Prasad N, Patel MR. Infection-induced kidney diseases. Front Med. 
2018;5:327. https:// doi. org/ 10. 3389/ fmed. 2018. 00327.

 77. NACA. Global AIDS response; country progress report 2014. http:// 
www. unaids. org/ sites/ defau lt/ files/ count ry/ docum ents/ NGA_ narra 
tive_ report_ 2014. pdf.Accessed 15 December 2020.

 78. Watanabe N, Kamei S, Ohkubo A, et al. Urine protein measured with 
a pyrogallo red-molybdate complex, manually and in a Hitachi 726 
autoanalyzer. Clin Chem. 1986;32:1551–4.

 79. Bartels H, Bohmer M. Microdetermination of creatinine. Clin Chim Acta. 
1971;32:81–5.

 80. Inker LA, Eneanya ND, Coresh J, Tighiouart H, Wang D, et al. New 
Creatinine- and Cystatin C-based equations to estimate GFR without 
race. N Engl J Med. 2021;385:1737–49. https:// doi. org/ 10. 1056/ NEJMo 
a2102 953 (This article was published on September 23,2021, and 
updated on September 27, 2021, at NEJM.org).

 81. Shlipak MG, Matsushita K, Ärnlöv J, Inker LA, Katz R, Polkinghorne KR, 
Rothenbacher D, Sarnak MJ, Astor BC, Coresh J, Levey AS, Gansevoort 
RT, CKD Prognosis Consortium. Cystatin C versus creatinine in deter-
mining risk based on kidney function. N Engl J Med. 2013;369(10):932–
43. https:// doi. org/ 10. 1056/ NEJMo a1214 234.

 82. Liu Q, Shepherd BE, Li C, Harrell FE. Modeling continuous response vari-
ables using ordinal regression. Stat Med. 2017;36:4316–35.

 83. Freedman BI, Kopp JB, Langefeld CD, et al. The apolipoprotein L1 (APOL1) 
gene and nondiabetic nephropathy in African Americans. J Am Soc 
Nephrol. 2010;21(9):1422–6.

 84. Genovese G, Friedman DJ, Ross MD, et al. Association of trypanolytic 
APOL1 variants with kidney disease in African Americans. Science (New 
York, NY). 2010;329(5993):841–5.

 85. Kopp JB, Nelson GW, Sampath K, et al. APOL1 genetic variants in focal 
segmental glomerulosclerosis and HIV-associated nephropathy. J Am 
Soc Nephrol. 2011;22(11):2129–37.

 86. Pollak MR, Genovese G, Friedman DJ. APOL1 and kidney disease. Curr 
Opin Nephrol Hypertens. 2012;21(2):179–82.

https://doi.org/10.1007/s11904-012-0118-8
https://doi.org/10.1007/s11904-012-0118-8
https://doi.org/10.1371/journal.pntd.0004375
https://doi.org/10.1371/journal.pntd.0004375
https://doi.org/10.1053/j.ajkd.2012.09.025
https://doi.org/10.1053/j.ajkd.2012.09.025
https://doi.org/10.1111/pim.12518
https://doi.org/10.1093/cid/ciz1001
https://doi.org/10.1155/2017/6825493
https://doi.org/10.5334/aogh.3226
https://doi.org/10.2215/CJN.09180816
https://doi.org/10.2215/CJN.09180816
https://doi.org/10.3389/fmed.2018.00327
http://www.unaids.org/sites/default/files/country/documents/NGA_narrative_report_2014.pdf
http://www.unaids.org/sites/default/files/country/documents/NGA_narrative_report_2014.pdf
http://www.unaids.org/sites/default/files/country/documents/NGA_narrative_report_2014.pdf
https://doi.org/10.1056/NEJMoa2102953
https://doi.org/10.1056/NEJMoa2102953
https://doi.org/10.1056/NEJMoa1214234


Page 17 of 17Wester et al. BMC Infectious Diseases          (2022) 22:591  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 87. Limou S, Dummer P, Nelson GW, Kopp JB, Winkler CA. APOL1 toxin, 
innate immunity and kidney injury. Kidney Int. 2015;88(1):28–34.

 88. Kasembeli AN, Duarte R, Ramsay M, et al. APOL1 risk variants are 
strongly associated with HIV-associated nephropathy in black South 
Africans. J Am Soc Nephrol. 2015;26(11):2882–90.

 89. Winkler CA, Nelson G, Oleksyk TK, Nava MB, Kopp JB. Genetics of 
focal segmental glomerulosclerosis and human immunodeficiency 
virus-associated collapsing glomerulopathy: the role of MYH9 genetic 
variation. Semin Nephrol. 2010;30(2):111–25.

 90. Humeniuk R, Ali R, Babor TF, Farrell M, Formigoni ML, Jittiwutikarn J, de 
Lacerda RB, Ling W, Marsden J, Monteiro M, Nhiwatiwa S, Pal H, Poznyak 
V, Simon S. Validation of the alcohol, smoking and substance involve-
ment screening test (ASSIST). Addiction. 2008;103(6):1039–47.

 91. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depres-
sion severity measure. J Gen Intern Med. 2001;16(9):606–13.

 92. Watson D, Yang JYC, Sarwal RD, et al. A novel multi-biomarker assay 
for non-invasive quantitative monitoring of kidney injury. J Clin Med. 
2019;8:499. https:// doi. org/ 10. 3390/ jcm80 40499.

 93. Astor BC, Kottgen A, Hwang S-J, et al. Trefoil factor 3 predicts incident 
chronic kidney disease: a case-control study nested within the 
atherosclerosis risk in communities (ARIC) study. Am J Nephrol. 
2011;2011(34):291–7. https:// doi. org/ 10. 1159/ 00033 0699. Publi shedo 
nline: Augus t9.

 94. Shlipak MG, Sarnak MJ, Katz R, et al. Cystatin C and the risk of death 
and cardiovascular events among elderly persons. N Engl J Med. 
2005;352(2049–2060):10.

 95. Bash LD, Astor BC, Coresh J. Risk of incident ESRD: a comprehensive 
look at cardiovascular risk factors and 17 years of follow-up in the 
Atherosclerosis Risk in Communities (ARIC) Study. Am J Kidney Dis. 
2010;55:31–41.

 96. Mishra J, Dent C, Tarabishi R, et al. Neutrophil gelatinase-associated 
lipocalin (NGAL) as a biomarker for acute renal injury after cardiac 
surgery. Lancet. 2005;365:1231–8.

 97. Han WK, Bailly V, Abichandani R, et al. Kidney Injury Molecule-1 (KIM-1): 
A novel biomarker for human renal proximal tubule injury. Kidney Int. 
2002;62:237–44.

 98. Humphreys BD, Fengfeng X, Sabbisetti V, et al. Chronic epithelial kidney 
injury molecule-1 expression causes murine kidney fibrosis. Clin Invest. 
2013;123(9):4023–35. https:// doi. org/ 10. 1172/ JCI45 361.

 99. Vaidya VS, Ozer JS, Dieterle D, et al. Kidney injury molecule-1 outper-
forms traditional biomarkers of kidney injury in preclinical biomarker 
qualification studies. Nat Biotechnol. 2010;28(5):478–88. https:// doi. org/ 
10. 1038/ nbt. 1623.

 100. Locatelli F, Del Vecchio L, Pozzoni P. The importance of early detection 
of chronic kidney disease. Nephrol Dial Transplant. 2002;17(Suppl. 
11):2–7.

 101. Wu Y, Yang L, Su T, et al. Pathological significance of a panel of urinary 
biomarkers in patients with drug-induced tubulointerstitial nephritis. 
Clin J Am Soc Nephrol. 2010;5:1954–9. https:// doi. org/ 10. 2215/ CJN. 
02370 310.

 102. Gupta J, Mitra N, Kanetsky PA, et al. Association between albuminuria, 
kidney function, and inflammatory profile in CKD in CRIC. Clin J Am Soc 
Nephrol. 2012;7(12):1938–46.

 103. Barlow WE, Ichikawa L, Rosner D, Izumi S. Analysis of case-cohort 
designs. J Clin Epidemiol. 1999. https:// doi. org/ 10. 1016/ S0895- 4356(99) 
00102-X.

 104. Li L, Greene T. A weighting analogue to pair matching in propensity 
score analysis. Int JBiostat. 2013;9(2):215–34. https:// doi. org/ 10. 1515/ 
ijb- 2012- 0030.

 105. Vanderweele TJ. Explanation in causal inference: methods for mediation 
and interaction. Oxford: Oxford Press; 2015.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.3390/jcm8040499
https://doi.org/10.1159/000330699.Publishedonline:August9
https://doi.org/10.1159/000330699.Publishedonline:August9
https://doi.org/10.1172/JCI45361
https://doi.org/10.1038/nbt.1623
https://doi.org/10.1038/nbt.1623
https://doi.org/10.2215/CJN.02370310
https://doi.org/10.2215/CJN.02370310
https://doi.org/10.1016/S0895-4356(99)00102-X
https://doi.org/10.1016/S0895-4356(99)00102-X
https://doi.org/10.1515/ijb-2012-0030
https://doi.org/10.1515/ijb-2012-0030

	Etiology of Persistent Microalbuminuria in Nigeria (P_MICRO study): protocol and study design
	Abstract 
	Background: 
	Methods: 
	Discussion: 

	Background
	Methodsdesign
	Aim
	Setting
	Study design
	Specific aim 1
	Study population
	Study procedures
	HIV-negative adults 
	Data collection and privacy considerations 

	Study measures
	Urine albumin-to-creatinine ratio (uACR) 
	Urine albumin-to-protein ratio (uAPR) 
	Kidney function 
	Hepatitis B and C infection status 
	Cytomegalovirus (CMV) 
	Hypertension 

	Study outcomes

	Laboratory investigations
	Albuminuria and proteinuria measurement
	Genetics specimen collection and genotyping

	Statistical considerations
	Sample size
	Power calculations for interaction effects
	Statistical analysis plan
	Genetic analysis plans

	Specific aim 2
	Study population
	Exclusion criteria
	Study procedures
	Study measures
	Co-infection screening
	Adverse clinical outcomes will be assessed at all study visits by trained study research staff
	Study outcomes

	Statistical considerations
	Sample size
	Statistical analysis plan


	Discussion
	Trial status
	Acknowledgements
	References


