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High prevalence of albuminuria
among adult males living with HIV
in Botswana
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Chronic HIV disease is associated with a fivefold increase in albuminuria outside of sub-Saharan
Africa. However, very little is known about albuminuria risk among people living with HIV (PLWH) in
sub-Saharan Africa. Therefore, we conducted a cross-sectional observational HIV clinic-based study
of albuminuria among 1533 adults aged 21 years or older between January 2020 and January 2021

in Gaborone, Botswana. Clinical albuminuria was defined using a sex-based albumin—creatinine
ratio (ACR) of 25-355 mg/g for females and 17-250 mg/g for males. The study population mean age
was 48.5 (SD 10.3) years, and 764/1533 (49.7%) were female. The overall prevalence of albuminuria
was 20.7% (95% Cl 18.7%, 22.8%). A higher proportion of males were more likely to be categorized
as having albuminuria than females, 25% (95% CI 22.0, 28.2) versus 16.4% (95% C1 13.8,19.2), P
value <0.001. In the final multivariate models, predictors of albuminuria differed by sex group. Larger
longitudinal studies are required to evaluate the impact of albuminuria among PLWH with particular
emphasis on the effect of sex on the risk of albuminuria.

Albuminuria of any degree is associated with excess mortality from major adverse cardiovascular endpoints in
the general population'. It is assumed that albuminuria may reflect widespread endothelial injury (including in
the glomerulus)®. The effect of albuminuria on cardiovascular disease (CVD) outcomes has been observed across
different populations/races. For instance, in the largest study of albuminuria and cardiac dysfunction among
1815 Hispanic individuals in the USA, microalbuminuria was independently associated with left ventricular
hypertrophy and heart failure with preserved ejection fraction’, while in a study of 17,753 Chinese adults with
self-reported prediabetes and diabetes, persistent proteinuria on a dipstick was independently associated with
an increased risk for myocardial infarction (HR 2.23, 95% CI 1.66, 3.01)*.

HIV infection is associated with a fivefold increase in the presence of microalbuminuria®. An overall loss of
greater than or equal to 30 mg/g (albumin to creatinine) loss in urine was associated with 20% 5-year mortality in
a cohort of PLWH, while in a cohort of women living with HIV only, any persistent protein in urine (proteinuria)
was associated with a fourfold increase in mortality®’. While not directly comparable, these data highlight the
importance of studying albuminuria in a high-HIV-prevalence setting such as Botswana.

The prevalence of albuminuria and factors associated with its presence remain unknown among ART-treated
black African adults living with HIV, even though detecting albuminuria or microalbuminuria is a relatively
non-invasive and technically easy test with more than five licenced point-of-care tests (bedside). The purpose of
this study was to determine the prevalence of albuminuria among PLWH in Botswana and to assess predictors
of albuminuria using an initial exploratory low-cost prevalence cross-sectional study design. The study enrolled
approximately equal numbers of males and females so that we were sufficiently powered to assess whether sex
is an effect modifier in the sensitivity analysis, given that in the general population, there are sex-specific cut-off
points for clinically significant albuminuria.
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Methods

Study participants

Between January 2020 and January 2021, we conducted a cross-sectional convenience sampling study to enrol
adults aged 21 years or older who were receiving antiretroviral therapy (ART) and virally suppressed in Gaborone,
Botswana, during their regular HIV care visits. That is, during each HIV clinic day, screening and enrolment
proceeded until the desired number of enrolees was reached. Enrolment took place at the Princess Marina Hos-
pital Infectious Disease Care Clinic (PMH-IDCC) and 4 additional PMH-IDCC satellite clinics. Collectively,
PMH-IDCC has approximately 14,000 HIV-infected patients who are currently receiving ART: 7000 at the main
clinic and the other 7000 spread across 6 satellite clinics across the city of Gaborone. PMH-IDCC is the oldest
and largest HIV clinic in the country. The study protocol, informed consent, and other materials were reviewed
and approved by the ethics boards of the University of Botswana and the Health Research and Development
Committee (IRB of the Botswana Ministry of Health and Wellness). All study participants provided written
informed consent prior to study procedures. All study procedures were performed according to the IRB approval
in accordance with the principles the Declaration of Helsinki.

Study procedures

Patients were recruited when they attended the clinic for routine HIV care. Recruitment aimed to achieve bal-
ance by sex group to allow for robust analysis by sex group. In keeping with clinical practice, patients were told
about the study during the daily morning patient information sessions. Following that, members of the study
team approached patients at a time and place that was convenient and provided adequate privacy within the
clinic building for consenting and enrolment. Patients were excluded from participating if they reported any
factor associated with albuminuria, such as fever, strenuous exercise, severe muscle injury/inflammation, recent
use of medications that can cause muscle injury, etc.

Participants underwent an initial screening interview to verify the sources of all medical information. Their
medical records were reviewed, and all relevant medical information was abstracted. Information on HIV param-
eters (viral loads, CD4 counts, ART history, etc.), general medical comorbidities (hypertension, DM II, CKD, etc.)
and medication list was abstracted from the medical records. Multimorbidity was defined as having any two or
more of any of the following conditions: diabetes mellitus, chronic kidney diseases, hypertension, malignancy,
or other chronic medical condition.

Laboratory testing

All participants provided a one-time, random urine sample using the study collection bottles. Urinary creatinine
was measured using a colorimetric assay (Jaffe method)®. Urinary albumin was measured using an immunotur-
bidimetric assay. The tests were run on an existing Cobas Integra© machine at the Botswana-Harvard Health
Partnership Reference Research Laboratory (BHRRL), Gaborone, Botswana. This laboratory is situated on PMH
grounds, which is the same location as the main HIV clinic. The remaining urine samples were stored for future
analysis.

Albuminuria assessment
Albuminuria was defined using the sex-based albumin—creatinine ratio (ACR). Albuminuria was defined as
25-355 mg/g for females versus 17-250 mg/g for males’.

Statistical analysis

All continuous baseline characteristics were assessed for normality visually and using the Shapiro—Wilk test!?.
In our preliminary analysis, the distributions of all available continuous characteristics were skewed. Therefore, a
Mann—Whitney U test was used to compare those variables between participants with and without albuminuria.
For categorical characteristics, we used a Chi-square test and Fisher’s exact test whenever we obtained expected
counts that were less than 5'*.

To identify clinical predictors of albuminuria in the entire cross-sectional study, we first fitted univariable
modified Poisson regression models with robust error variance. All predictors that had P values of 0.2 or less in
the univariable model were included in the multivariable model.

Prior to final model building we considered the possible effects of effect modification and collinearity.

First, because albuminuria can vary by sex as discussed above, we assessed for effect modification by sex
by including an interaction term of sex and all predictors with a P-value less than 0.2 in the univariable model
(presented in supplementary material). If interaction analysis reveals effect modification, we will present mul-
tivariate modified Poisson regression results stratified for men and women separately. However, clinical factors
were first assessed for collinearity using Spearman’s correlation coefficient before selecting them for inclusion in
the multivariate model'>"*. If two variables were found to have a statistically significant correlation coefficient,
only one of them was included in the multivariate model. In sensitivity analysis, we exchanged collinear variables
in the final multivariate model to assess whether the direction and magnitude of the association remained the
same. We reported adjusted risk ratios (aRR), corresponding 95% confidence intervals and P values for all these
models. P values less than 0.05 indicated significant differences or associations.

Results

Baseline characteristics

Of the 1537 enrolled participants, 1533 participants had complete data to be included in this analysis. They were
approximately sex balanced, with 764 (49.7%) females and a mean age of 48.5 (SD 10.3) years, and the prevalence
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of albuminuria was 20.7% (95% CI 18.7%, 22.8%). Among the 318 participants with albuminuria, the propor-
tion of men with albuminuria was higher than that of women [(25.0% vs. 16.4%, P <0.001]. Additional relative
distributions of baseline factors according to albuminuria group are described in Table 1.

Univariable models for the entire cohort, males and females separately

Table 2 shows estimated risk ratios from the univariable analysis for predictors of albuminuria in the entire
cohort and then separately for males and females. Overall, there were more clinical predictors of albuminuria
for males than females (Table 2).

Stratified multivariate models for males and females

Multicollinearity was identified among the following pairs of variables: HIV and ART duration (r=0.90,
P <0.001), systolic and diastolic blood pressure (r=0.79, P <0.01) but not diastolic blood pressure/systolic
blood pressure and hypertension (r=0.3, P <0.001). As shown in Table 3, while only age was associated with

Demographic Overall (n=1533) Non-Albuminuria group (n=1215,79.3%) | Albuminuria group (n=318, 20.7%) P value
Age?, years (SD) 48.5 (10.3) 47.8 (10.2) 51(10.3) <0.001
Females, N (%) 764 (49.7) 638 (52.5) 125 (39.3) <0.001
Males 773 (50.3) 577 (47.5) 193 (60.7)
X/{vziit;}(fgori% (Female>0.85 cm, 790 (51.4) 591 (48.6) 196 (61.6) <0001
Diabetes mellitus 31(2) 20 (1.6) 11 (3.5) 0.069
Hypertension 451 (29.3) 328 (27) 121 (38.1) <0.001
Chronic kidney disease' 2(0.1) 1(0.1) 1(0.3) 0.372
Malignancy' 9(0.6) 9(0.7) 0 0.218
Multimorbidity* 28 (1.8) 18 (1.5) 10 (3.1) 0.083
Systolic BP? (mmHg) 126 (18.9) 125 (17.9) 131 (21.8) <0.001
Diastolic BP? (mmHg) 82.7 (12.2) 82 (11.7) 85.5(13.7) <0.001
HIV duration® (years) 14.3 (9.6-16.8) 14.2 (9.3-16.7) 144 (9.8-17.0) 0.939
ART duration® (years) 13.4 (8.5-16.0) 13.1 (8.1-15.8) 13.7 (9.1-16.2) 0.249

Table 1. Means (standard deviations), frequencies (percentages) and corresponding P values for baseline

characteristics of study participants stratified by albuminuria status. Superscript' implies that the P value

for Fisher’s exact test is reported. Superscript? implies that the mean, standard deviation and P value for

the Mann—Whitney U test are reported. Superscript® implies that median, interquartile range and P value

for Mood’s test of medians are reported. *Having any two or more of the following: diabetes mellitus,

hypertension, chronic kidney disease and malignancy. BP blood pressure, HIV human immunodeficiency

syndrome, ART antiretroviral therapy.

All participants Males Females

Clinical factors RR (95% CI) P value RR (95% CI) P value RR (95% CI) P value
Age (per 5-year increase) 1.12 (107, 1.18) <0.001 1.14 (1.08, 1.20) <0.001 1.07 (0.99, 1.16) 0.093
Males 1.53 (1.25,1.87) <0.001
Waist-hip ratio (Female 2 0.85, Male >0.90) 1.49 (1.22,1.83) <0.001 1.61 (1.25, 2.07) <0.001 1.46 (1.04, 2.06) 0.030
Diabetes mellitus 1.76 (1.08, 2.85) 0.023 1.63 (0.87, 3.07) 0.129 1.97 (0.93, 4.14) 0.075
Hypertension 147 (1.21,1.78) <0.001 1.90 (1.49, 2.42) <0.001 1.23 (0.88, 1.70) 0.224
Chronic kidney disease™ 2.44(0.61, 9.80) 0210 4.05 (3.58,4.58) <0.001 - -
Cancer Malignancy™* - - - - - -
Multi-morbidity* 1.75 (1.05, 2.90) 0.031 2.21(1.27, 3.85) 0.005 1.45 (0.61,3.47) 0.403
Systolic blood pressure™ (per 2-mmHg increment) 1.03 (1.02, 1.04) <0.001 1.03 (1.02, 1.04) <0.001 1.02 (1.00, 1.04) 0.045
Diastolic blood pressure (per 2-mmHg increment)™ 1.04 (1.02, 1.05) <0.001 1.04 (1.02, 1.06) <0.001 1.03 (1.00, 1.05) 0.076
HIV disease duration (per 3-year increase)™ 1.02 (0.96, 1.07) 0.570 1.07 (1.01, 1.15) 0.028 1.00 (0.91, 1.11) 0.954
Duration on ART™ (per 3-year increase) 1.05(0.99, 1.12) 0.089 1.11 (1.03, 1.19) 0.007 1.05(0.94, 1.17) 0.374

Table 2. Unadjusted risk ratios (RR), 95% confidence intervals (CI) and corresponding P values of clinical
predictors of albuminuria for all participants, males only participants and females only participants.
Superscript ™ implies that the corresponding variable was removed in the adjusted model to prevent
multicollinearity; " implies that there were not enough cases to calculate risk ratios (RRs). *Having any two
or more of the following: diabetes mellitus, hypertension, chronic kidney disease and malignancy. HIV human
immunodeficiency syndrome, ART antiretroviral therapy.
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Male Female

Clinical factors aRR (95% CI) P value |aRR (95% CI) P value
Age (per 5-year increase) 1.08 (1.00, 1.15) | 0.038 0.04 (0.01,0.15) | <0.001
Waist-hip ratio (Female > 0.85, Male >0.90) 1.34(1.03,1.74) | 0.029 1.35(0.95,1.93) | 0.099
Diabetes Mellitus 1.23 (0.65,2.34) | 0.528 1.77 (0.82,3.81) | 0.144
Hypertension™ 1.34 (1.02,1.77) | 0.039 n/a n/a
Diastolic Blood pressure™ (per 2-mmHg increment) | 1.03 (1.01, 1.05) | 0.012 1.02 (0.99, 1.05) | 0.159
Duration on ART (per 3-year increase) 1.08 (0.70, 1.67) | 0.725 n/a n/a

Table 3. Adjusted risk ratios (RR), 95% confidence intervals (CI) and corresponding P values of clinical
predictors of albuminuria stratified by sex. Superscript ™ implies that the corresponding variable was removed
in the adjusted model to prevent multicollinearity; ART antiretroviral therapy.

albuminuria for both males and females, aRR 1.08 [(95% CI 1.00, 1.15) P=0.038] and aRR 0.04 [(95% CI 0.01,
0.150, P <0.001), respectively, no other clinical predictor was associated with albuminuria among females. Sup-
plementary Table 2a shows that clinical predictors of albuminuria among men (Table 3) were similar for the
entire cohort (except for hypertension). In the sensitivity analysis, we reran the final models with multimorbidity
(instead of Diabetes Mellitus) and systolic blood pressure (instead of diastolic duration), and our associations
remained similar although weaker when compared to prior models (Supplementary Table 2b).

Discussion

The study shows a high prevalence of albuminuria in a cohort of people living with HIV (PLWH) in Botswana in
sub-Saharan Africa (SSA). Approximately one in five of the participants had albuminuria. This estimate is compa-
rable to findings in similar settings. In a smaller cohort of 903 rural South African PLWH, Wensink et al. found
that albuminuria was present in 20% of patients'*. In a Ugandan study of albuminuria conducted in ART-naive
patients, the albuminuria prevalence was 18.9% in that population'®. This prevalence of albuminuria in our larger
cohort of PLWH therefore confirms what has been observed elsewhere and raises serious concerns about the
possibility of future end-organ dysfunction, such as cardiovascular events, among ageing HIV cohorts in SSA'6™".

Albuminuria was more common in males (25.0%) than in females (16.4%). Few recent data on albuminuria
overall or by sex group among ART-treated patients in SSA are available for comparison?*-*. Our study criti-
cally highlights a clear sex-linked difference in the prevalence of albuminuria. In some non-HIV cohorts, it has
been noted that females have lower albuminuria, better albuminuria responses and overall decreased rates of
low glomerular filtration rate (GFR), with some studies attributing this difference to the possibility of better
compliance with healthy lifestyles rather than just anthropometric measurements by sex*. More data are needed
in this setting to further assess this difference and any additional contributing factors. Unfortunately, the two
studies of albuminuria performed in South Africa (N=903) and Uganda (N =185) enrolled fewer men (<40%
of enrolees); hence, these low numbers may have precluded the ability to detect the effect of sex on albuminuria
in those cohorts'*1°. However, given that at least 1 in 4 men living with HIV had albuminuria in this Botswanan
cohort is a significant finding that will need follow-up study.

As there are suggestions in the literature that there are variations regarding sex-specific ACR cut-off points
that are used to classify participants as having albuminuria or not, we accounted for effect modification by sex in
our analysis. Under the stratified analysis, age was statistically significantly associated with albuminuria among
both males and females. Among males only, risk factors for albuminuria were elevated waist-hip ratio, having
hypertension, plus higher diastolic blood pressure. This confirms the same clinical risk factors for albuminuria
that have been observed in both HIV and non-HIV cohorts. Future studies should further assess whether these
marked sex differences are true and establish sex-specific mediating factors by HIV group and then other com-
mon comorbidities among PLWH.

Predictors of albuminuria differ among males and females and may also be driven by underlying chronic
medical conditions”. Several studies have shown that PLWH with diabetes mellitus have a significantly higher
prevalence of albuminuria®®-*°. For instance, HIV and diabetes mellitus comorbidity was associated with a
twofold greater risk of albuminuria when compared to individuals with either disease alone®!. While we also
reported that diabetes mellitus was associated with albuminuria among PLWH only in unadjusted analysis, we
had very few PLWH with comorbid diabetes mellitus (N'=11); hence, we could not fully study the effect of this
comorbidity on the outcome of albuminuria.

Several studies have shown that generally, many patients with albuminuria experienced improvements in
their albuminuria following ART initiation, although the same degree of improvement was not experienced
with initiating TDF/FTC in several of the studies****. Few data exist on albuminuria trends with long-term ART
exposure. Our study has demonstrated that longer ART duration is significantly associated with albuminuria.
We report this with caution, as the duration of HIV vs. ART exposure may merely reflect ageing, since age was a
predictor of albuminuria in our models. Therefore, the roles of both HIV disease and ART (and ART regimen)
in the development of albuminuria need to be further studied.

There are limited data on the association of albuminuria and isolated blood pressure among PLWH. A study
conducted in a Chinese population concluded that there is a J-shaped phenomenon when investigating single
and combined effects of SBP and DBP on albuminuria. They observed that the risk of albuminuria was signifi-
cantly associated with DBP in participants with an SBP of at least 130 mmHg and with SBP in participants with
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a DBP of at least 80 mmHg and inversely significantly associated with SBP in participants with a DBP below
70 mmHg**~*. This complex relationship between albuminuria and blood pressure requires further investigation,
as it might guide the definition of appropriate blood pressure targets/cut-off points (for both or either systolic
versus diastolic blood pressure) among PLHW with albuminuria. This is particularly important because blood
pressure was associated with albuminuria in our study.

There were limitations to our study; the study design involved a convenience sample rather than a random
sample. Patients were approached as they came for their regular ART visit to determine their eligibility and then
consent and enrol if they agreed to participate in the study; hence, there is a possibility of selection bias. A single
measurement of urine albumin excretion could result in misleading classifications of albuminuria. However,
repeated measurement is both time-consuming and more costly and is therefore not feasible as a nationwide
screening tool for PLWH who are traditionally at a higher risk for albuminuria. We did not assess the effect of
ACEI/ARB exposure on the risk of albuminuria, even though ACEIs and ARBs are well known to influence
the degree of albuminuria. We believe that a longitudinal study is best suited to explore this association. There
is possible confounding from unmeasured variables such as bodyweight and other characteristics that we did
not collect. However, future randomized controlled trials could be used to address this problem. With regard
to the higher prevalence of albuminuria among men, our results may be biased because we did not assess the
effect of sex-specific roles such as actual physical work that either men or women undertook around the time
of enrolment. Future studies should collect data on actual physical work performed by both males and females
in studies of albuminuria because men are more likely to perform manual work than women in settings such as
Botswana. Finally, this study did not establish a causal relationship because of its cross-sectional nature. Thus,
the possibilities of causal relationships remain to be elucidated by prospective observation of the relationships
between risk factors outlined in this study and the development of albuminuria.

In conclusion, albuminuria prevalence was high in this cohort of PLWH in Botswana, with approximately one
in five of the participants overall and one in four (25%) males being categorized as having albuminuria during
a one-time assessment in an HIV clinic. This is significant, as albuminuria increases the probability of develop-
ing cardiovascular and renal diseases. Notably, predictors of albuminuria differed by sex group. Among males,
modifiable traditional risk factors for albuminuria, such as elevated diastolic blood pressure and waist-hip ratio,
remained important predictors of albuminuria in a cohort of adult men living with HIV. The effect of chronic
ART vs. HIV disease duration remains poorly understood but urgently requires further evaluation, as chronic
ART exposure was associated with a twofold increase in the risk for albuminuria.

Data availability

All the data supporting the findings are available and will be shared as per the rules of the ethics committees
that approved this study. Any parties requesting data from this study should contact both the corresponding
author (Mosepele Mosepele) and Ministry of Health of Botswana Human Research Subjects Ethics Committee
at (hhealthresearch@govbots.onmicrosoft.com).

Received: 26 June 2023; Accepted: 17 June 2024
Published online: 23 June 2024

References
1. Hillege, H. L. et al. Urinary albumin excretion predicts cardiovascular and noncardiovascular mortality in general population.
Circulation 106(14), 1777-1782 (2002).
2. Siddiqi, F. S. & Advani, A. Endothelial-podocyte crosstalk: The missing link between endothelial dysfunction and albuminuria in
diabetes. Diabetes 62(11), 3647-3655 (2013).
3. Hanna, D. B. et al. Association of albuminuria with cardiac dysfunction in US Hispanics/Latinos. Am. J. Cardiol. 119(12), 2073—
2080 (2017).
4. Wang, J. et al. Reduced kidney function, albuminuria, and risks for all-cause and cardiovascular mortality in China: A population-
based cohort study. BMC Nephrol. 18(1), 1-9 (2017).
5. Pavkov, M. E., Knowler, W. C., Hanson, R. L., Bennett, P. H. & Nelson, R. G. Predictive power of sequential measures of albuminuria
for progression to ESRD or death in Pima Indians with type 2 diabetes. Am. J. Kidney Dis. 51(5), 759-766 (2008).
6. Szczech, L. A. et al. Microalbuminuria in HIV infection. AIDS (London, England) 21(8), 1003 (2007).
7. Choi, A. et al. Cystatin C, albuminuria, and 5-year all-cause mortality in HIV-infected persons. Am. J. Kidney Dis. 56(5), 872-882
(2010).
8. Gupta, S. K,, Shen, C., Mather, K. J., Agarwal, R. & Dubé, M. P. Neither proteinuria nor albuminuria is associated with endothelial
dysfunction in HIV-infected patients without diabetes or hypertension. J. Infect. Dis. 204(12), 1946-1950 (2011).
9. Kramer, H. M., Hsu, C. Y. & Curhan, G. Need for sex specific ACR. Am. J. Kidney Dis. 40(2), 435-436 (2002).
10. Nowacki, A. Chi-square and Fisher’s exact tests. Clevel. Clin. ]. Med. 84, E20-E25 (2017).
11. MacFarland, T. W. & Yates, J. M. Mann-Whitney U test. In Introduction to Nonparametric Statistics for the Biological Sciences Using
R 103-132 (Springer, 2016).
12. Giinther, A. & Hofler, M. Different results on tetrachorical correlations in Mplus and Stata-Stata announces modified procedure.
Int. ]. Methods Psychiatr. Res. 15(3), 157-166 (2006).
13. Draper, N. R. & Smith, H. Applied Regression Analysis (Wiley, 1998).
14. Wensink, G. E. et al. Albuminuria is associated with traditional cardiovascular risk factors and viral load in HIV-infected patients
in rural South Africa. PLoS One 10(8), 0136529 (2015).
15. Kiggundu, T, Kalyesubula, R., Andia-Biraro, I., Makanga, G. & Byakika-Kibwika, P. Prevalence of microalbuminuria and associ-
ated factors among HIV-infected ART naive patients at Mulago hospital: A cross-sectional study in Uganda. BMC Nephrol. 21(1),
1-6 (2020).
16. Lin, C. C. et al. Gender difference in the relationship of albuminuria and arterial stiffness in Chinese adults—A 6.6-year follow-up
longitudinal study. Kidney Blood Pressure Res. 43(5), 1479-1487 (2018).
17. Fabian, J. & Naicker, S. HIV and kidney disease in sub-Saharan Africa. Nat. Rev. Nephrol. 5(10), 591-598 (2009).
18. Friis-Moller, N. et al. Cardiovascular disease risk factors in HIV patients-association with antiretroviral therapy. Results from the
DAD study. AIDS 17(8), 1179-1193 (2003).

Scientific Reports |

(2024) 14:14432 | https://doi.org/10.1038/s41598-024-65099-w nature portfolio



www.nature.com/scientificreports/

19. Cailhol, J. et al. Prevalence of chronic kidney disease among people living with HIV/AIDS in Burundi: A cross-sectional study.
BMC Nephrol. 12(1), 1-9 (2011).

20. Szczech, L. A. et al. Predictors of proteinuria and renal failure among women with HIV infection. Kidney Int. 61(1), 195-202
(2002).

21. Han, T. M., Naicker, S., Ramdial, P. K. & Assounga, A. G. A cross-sectional study of HIV-seropositive patients with varying degrees
of proteinuria in South Africa. Kidney Int. 69(12), 2243-2250 (2006).

22. Peters, P.]. et al. Antiretroviral therapy improves renal function among HIV-infected Ugandans. Kidney Int. 74(7), 925-929 (2008).

23. Arendse, C. G., Wearne, N., Okpechi, I. G. & Swanepoel, C. R. The acute, the chronic and the news of HIV-related renal disease
in Africa. Kidney Int. 78(3), 239-245 (2010).

24. Cohen, S. D. & Kimmel, P. L. HIV-associated renal diseases in Africa—A desperate need for additional study. Nephrol. Dial.
Transplant. 22(8), 2116-2119 (2007).

25. Stehouwer, C. D. & Smulders, Y. M. Microalbuminuria and risk for cardiovascular disease: Analysis of potential mechanisms. J.
Am. Soc. Nephrol. 17(8), 2106-2111 (2006).

26. Thienemann, F, Sliwa, K. & Rockstroh, J. K. HIV and the heart: The impact of antiretroviral therapy: A global perspective. Eur.
Heart J. 34(46), 3538-3546 (2013).

27. Jang, M. et al. Differences in factors associated with albuminuria according to gender and comorbidities of hypertension and
diabetes. Korean J. Family Med. 36(6), 316 (2015).

28. Mocroft, A. et al. Estimated glomerular filtration rate, chronic kidney disease and antiretroviral drug use in HIV-positive patients.
AIDS 24(11), 1667-1678 (2010).

29. Kim, P. S. et al. Increased prevalence of albuminuria in HIV-infected adults with diabetes. PLoS One 6(9), €24610 (2011).

30. Khoza, S. P, Crowther, N. J. & Bhana, S. The effect of HIV infection on glycaemia and renal function in type 2 diabetic patients.
PL0S One 13(6), 0199946 (2018).

31. Djiby, S. et al. Prevalence of microalbuminury and associated risk factors in a population of diabetics followed at the Marc Sankale
Center of Dakar. Open J. Intern. Med. 8(1), 24-32 (2018).

32. Falasca, K. et al. Predictive factors and prevalence of microalbuminuria in HIV-infected patients: A cross-sectional analysis. BMC
Nephrol. 18(1), 1-8 (2017).

33. Wyatt, C. M. et al. Changes in proteinuria and albuminuria with initiation of antiretroviral therapy: Data from a randomized trial
comparing tenofovir disoproxil fumarate/emtricitabine versus abacavir/lamivudine. J. Acquir. Immune Defic. Syndr. 67(1), 36
(2014).

34. Assaram, S., Magula, N. P,, Mewa Kinoo, S. & Mashamba-Thompson, T. P. Renal manifestations of HIV during the antiretroviral
era in South Africa: A systematic scoping review. Syst. Rev. 6(1), 1-11 (2017).

35. Xie, N. et al. Association of systolic blood pressure and pulse pressure with microalbuminuria in treatment-naive hypertensive
patients. Arch. Med. Sci. AMS 15(4), 832 (2019).

36. Ene-lordache, B. et al. Chronic kidney disease and cardiovascular risk in six regions of the world (ISN-KDDC): A cross-sectional
study. Lancet Glob. Health 4(5), e307-¢319 (2016).

Acknowledgements

The authors thank the staff and patients at Princess Marina Hospital and its satellite clinics for their contribution
to the study. Research reported in this manuscript was funded by the European and Developing Countries Clini-
cal Trials Partnership [TMA2017CDF-1928]. The study funders did not play any role in the design, collection,
analysis, or interpretation of the data.

Author contributions

MM, CW, PP, NY, LM and KM conceptualized the analysis and drafted the manuscript with input from all co-
authors. MM, CW, PP, NY, and KM contributed to data collection and interpretation. MM, SL, RG, JJ, SJ and
DW designed the study. All co-authors read and approved the manuscript. All authors read and approved the
final manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-024-65099-w.

Correspondence and requests for materials should be addressed to M.M.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

= License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Scientific Reports |

(2024) 14:14432 | https://doi.org/10.1038/s41598-024-65099-w nature portfolio


https://doi.org/10.1038/s41598-024-65099-w
https://doi.org/10.1038/s41598-024-65099-w
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	High prevalence of albuminuria among adult males living with HIV in Botswana
	Methods
	Study participants
	Study procedures
	Laboratory testing
	Albuminuria assessment
	Statistical analysis

	Results
	Baseline characteristics
	Univariable models for the entire cohort, males and females separately
	Stratified multivariate models for males and females

	Discussion
	References
	Acknowledgements


