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Background. Pre–diabetes mellitus (DM) is associated with proteinuria, a risk factor for chronic kidney disease. While people 
with human immunodeficiency virus (HIV; PWH) have a higher risk of proteinuria than people without HIV (PWOH), it is 
unknown whether incident proteinuria differs by HIV serostatus among prediabetic persons.

Methods. The urine protein-to-creatinine ratio was measured at semiannual visits among men in the Multicenter AIDS Cohort 
Study since April 2006. Men with pre-DM on or after April 2006 and no prevalent proteinuria or use of antidiabetic medications were 
included. Pre-DM was defined as a fasting glucose level of 100–125 mg/dL confirmed within a year by a repeated fasting glucose or 
hemoglobin A1c measurement of 5.7%–6.4%. Incident proteinuria was defined as a urine protein-to-creatinine ratio (UPCR) 
>200 mg/g, confirmed within a year. We used Poisson regression models to determine whether incident proteinuria in participants 
with pre-DM differed by HIV serostatus and, among PWH, whether HIV-specific factors were related to incident proteinuria.

Results. Between 2006 and 2019, among 1276 men with pre-DM, proteinuria developed in 128 of 613 PWH (21%) and 50 of 663 
PWOH (8%) over a median 10-year follow-up. After multivariable adjustment, the incidence of proteinuria in PWH with pre-DM was 
3.3 times (95% confidence interval, 2.3–4.8 times) greater than in PWOH (P < .01). Among PWH, current CD4 cell count <50/µL (P  
< .01) and current use of protease inhibitors (P = .03) were associated with incident proteinuria, while lamivudine and integrase 
inhibitor use were associated with a lower risk.

Conclusions. Among men with pre-DM, the risk of incident proteinuria was 3 times higher in PWH. Strategies to preserve renal 
function are needed in this population.
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Among aging people with human immunodeficiency virus 
(HIV; PWH) and receiving life-long combination antiretrovi-
ral therapy (ART), kidney disease, often in association with di-
abetes mellitus (DM) and high blood pressure (BP), has 
emerged as a significant cause of disease and death [1–3]. 
Urine protein-to-creatinine ratio (UPCR) and estimated glo-
merular filtration rate (eGFR) are commonly used as markers 
of kidney disease in the general population. In a previous 
Multicenter AIDS Cohort Study (MACS) analysis, proteinuria 
was almost 7 times more common in PWH than in people 

without HIV (PWOH), even after controlling for the presence 
of classic risk factors for kidney diseases, including DM [4]. In 
the general population, pre-DM, defined as an intermediate 
state of hyperglycemia, has been shown to be independently 
associated with incident proteinuria [5].

We have previously shown that having HIV is associated with a 
greater risk of incident DM among men with pre-DM [6]. In the 
current analysis, we sought to determine whether HIV was an inde-
pendent risk factor for incident proteinuria among men with 
pre-DM. If so, PWH with pre-DM may particularly benefit from 
pharmacologic or nonpharmacologic strategies to preserve renal 
function, such as inhibitors of the renin-angiotensin-aldosterone 
system, sodium glucose transporter 2 inhibitors, or pharmacologic 
strategies for prevention of DM.

METHODS

Study Population

The MACS is a prospective cohort study of men who have sex 
with men (MSM) with or at risk for HIV at 4 centers in the 
United States (Baltimore, Maryland/Washington, DC; 
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Pittsburgh, Pennsylvania/Columbus, Ohio; Chicago, Illinois; 
and Los Angeles, California), participants of which are now 
part of the MACS/WIHS (Women's Interagency HIV Study) 
Combined Cohort Study. Institutional review boards at each 
site approved the MACS protocol and forms, and each partic-
ipant gave written informed consent. Details of the study de-
sign and follow-up methods have been published elsewhere 
[7] (MACS website at https://statepi.jhsph.edu/macs/macs. 
html). Briefly, participants attended semiannual study visits, 
which included a detailed interview, physical examination, 
and collection of biological specimens. For the present study, 
we included all MACS participants with confirmed pre-DM, 
as defined below. The study baseline was defined as the first vis-
it with pre-DM at or after April 2006. Men with prevalent pro-
teinuria or use of antidiabetic medications at the baseline visit 
were excluded from our analysis.

Laboratory Methods

Beginning in April 1999, glucose and hemoglobin A1c (HbA1c) 
were measured from serum samples at each semiannual visit. 
Glucose levels were measured using the combined hexokinase/ 
glucose-6-phosphate dehydrogenase method at a central labo-
ratory (Heinz Laboratory, Pittsburgh; coefficient of variation, 
1.8%). HbA1c was measured by Quest Diagnostics using 
standard immunoassay assays (Roche Cobas Integra 800 
analytical system; coefficient of variation, <3.3%). Protein 
and creatinine were measured from participant urine samples 
since April 2006. Standardized protocols were used to measure 
T-lymphocyte subsets. Plasma HIV-RNA levels were assessed 
using either the Roche standard, the Roche ultrasensitive, the 
Roche COBAS TaqMan, the Roche COBAS 6800/8800, or the 
Abbott m2000 RealTime assay.

Pre-DM Assessment

We restricted the glucose measures to serum samples obtained 
while the participant was fasting (self-report of ≥6 hours without 
food). Pre-DM was defined as a fasting glucose level between 100 
and 125 mg/dL (ie, baseline visit), confirmed within a year by ei-
ther a fasting glucose level in the pre-DM range (100–125 mg/dL) 
or an HbA1c measurement of 5.7%–6.4%.

Incident Proteinuria Assessment

Incident proteinuria was defined as a UPCR >200 mg/g, con-
firmed within a year by an additional UPCR >200 mg/g. This 
definition of proteinuria was used to minimize the likelihood 
of proteinuria being caused by a process other than chronic 
kidney disease. The timing of the incident event was set to 
the time of the first UPCR >200 mg/g.

Statistical Analysis

Baseline characteristics were compared according to HIV serosta-
tus using Wilcoxon rank sum and Fisher exact tests. Poisson 

regression models were used to determine whether the risk for in-
cident proteinuria among men with pre-DM differed by HIV se-
rostatus. Multivariable regression models were adjusted for age 
(in years), race/ethnicity (non-Latino white or nonwhite), educa-
tion (college degree earned or not), smoking status (never, for-
mer, or current smoker), categorical eGFR (using the race-free 
CKD-EPI equation [Chronic Kidney Disease Epidemiology 
Collaboration] equation) [8] (eGFR; <60, 60–90 or >90 mL/ 
min/1.73 m2), body mass index (BMI [calculated as weight in ki-
lograms divided by height in meters squared]), dyslipidemia, 
angiotensin-converting enzyme inhibitor (ACEI)/angiotensin II 
receptor blocker (ARB) use, high BP (vs normal or low BP; de-
fined as systolic BP ≥140 mm Hg or diastolic BP ≥90 mm Hg, 
and hepatitis C virus (HCV) infection (last measured negative 
or last measured positive antibody or HCV RNA).

We also performed a subset analysis among PWH to esti-
mate relationships between factors related to HIV or its treat-
ment and incident proteinuria. Models including only PWH 
adjusted for the variables listed above and estimated the associ-
ations with the following HIV-related variables: suppressed 
HIV viral load (<500 copies/mL; vs unsuppressed), history of 
clinical AIDS (yes/no), current CD4 cell count <500/µL, CD4 
cell count nadir <200/µL, and cumulative years of ART and 
highly active ART use before the baseline visit. We also fitted 
a series of multivariable regression models among PWH that 
adjusted for all the variables listed above and separately includ-
ed a different HIV medication in each model, to assess the effect 
of HIV treatment on incident proteinuria risk. Missing values 
for continuous variables were linearly interpolated via border-
ing nonmissing values.

Sensitivity Analyses

Since anatomic fat distribution is a strong determinant of risk 
for insulin resistance and DM in particular among PWH 
with lipodystrophy, we added waist and hip circumference (re-
corded to the nearest centimeter by tape measure) to the mul-
tivariable model (excluding BMI), to evaluate the contribution 
of regional fat distribution to incident proteinuria. In addition, 
because we sought to specifically evaluate incident proteinuria 
in persons with pre-DM and because worsening hyperglycemia 
into the DM range may accelerate renal dysfunction, we fit a 
multivariable model for a study population that excluded any 
individual in whom overt DM developed over follow-up. 
Finally, we stratified the models by ACEI/ARB use to explore 
whether the association between HIV status and incident pro-
teinuria differed between those receiving and those not receiv-
ing these interventions that can decrease proteinuria.

RESULTS

Baseline Characteristics

Of the 2746 men with a visit between 1 April 2006 and 30 
September 2019, 1446 (53%) had an observed case of confirmed 
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pre-DM at or after April 2006. Of these, 94 men (13 PWOH 
[14%] and 81 PWH [86%]) were excluded because they had 
prevalent proteinuria at the first visit with pre-DM. Another 
76 men (37 PWOH [49%] and 39 PWH [51%]) were excluded 
because they reported anti-DM medication use at baseline. 
Among the remaining 1276 men with pre-DM (663 PWOH 
and 613 PWH), PWH were younger than PWOH (median 
age, 50 vs 54 years, respectively), had lower BMIs (median, 
26 vs 27), and were more likely to be nonwhite (48% vs 27%), 
to be current smokers (30% vs 24%), have an eGFR >90 mL/ 
min/1.73 m2 (59% vs 51%), and to have HCV (7% vs 4%) (all 
P ≤ .04 for comparison with PWOH) (Table 1).

Incident Proteinuria Among Men With Pre-DM: Differences by HIV 
Serostatus

At baseline, among the 1276 men with pre-DM (663 PWOH 
and 613 PWH), incident proteinuria developed in 50 PWOH 
(8%) and 128 PWH (21%) over a median of 10 years of follow- 
up (Figure 1). In a multivariable regression model, PWH had a 
3.3-fold (95% confidence interval [CI], 2.3–4.8-fold) higher in-
cidence of proteinuria compared with PWOH (P < .01) 
(Figure 2). In addition, a categorically lower eGFR (<60 vs 
>90 mL/min/1.73 m2, respectively) (incidence rate [IR] ratio 
[IRR], 3.5 [95% CI, 2.0–6.2]), current HCV (2.1 [1.2–3.9]), cur-
rent hypertension (2.0 [1.4–2.7]), and current cigarette 

smoking (1.7 [1.1–2.7]) were all associated with a higher risk 
of incident proteinuria (Figure 2). Moreover, PWH had a great-
er adjusted IR of proteinuria (per 100 000 person-years) than 
PWOH from 0 to 9 years after study baseline. The difference 
in adjusted IR of proteinuria by HIV serostatus remained rela-
tively stable between 1 and 6 years after the confirmed pre-DM 
visit (Supplementary Figure 1).

Incident Proteinuria Among Men With Pre-DM and HIV

In a multivariable regression model restricted to men with HIV, a 
CD4 cell count <500/µL was significantly associated with a 2 
times greater incidence of proteinuria relative to a CD4 cell count 
≥500/µL (IRR, 2.0 [95% CI, 1.3–3.0]; P < .01), while a history of 
clinical AIDS was borderline significantly associated with in-
creased proteinuria risk (1.7 [.9–2.9]; P = .08) (Figure 3).

In separate adjusted Poisson regression models, cumulative 
years of amprenavir use (IRR, 3.3 [95% CI, 1.1–9.4]) and cur-
rent use of protease inhibitors (1.5 [1.0–2.3]) were significantly 
associated with incident proteinuria (P = .03) (Table 2). 
Cumulative years of lamivudine use was significantly associated 
with a reduced risk for incident proteinuria (IRR, 0.8 [95% CI, 
.7–1.0]; P = .04), as was integrase inhibitor (INSTI) use— 
regardless if it was categorized as ever (0.5 [.3–.8]), cumulative 
(0.5 [.3–1.0]), or current use (0.5 [.3–.9]) (all P ≤ .03) 
(Table 2). Use of tenofovir disoproxil fumarate (TDF) was 
not associated with incident proteinuria (IRR, 1.3 [95% CI, 
.8–2.3]; P = .3).

Multivariate Regression Models: Sensitivity Analyses

When waist and hip circumference replaced BMI in the multi-
variate Poisson model, results were comparable: HIV serostatus 
remained significantly associated with proteinuria risk, with 
PWH having a proteinuria IR 3.3 times greater than PWOH. 
The same was true when we stratified the models by ACEI/ 
ARB use. The adjusted IRR was 3.1 [95% CI, 2.0–4.8] compar-
ing ACEI/ARB nonusers with HIV versus without HIV 
(P < .01), while the adjusted IRR was 4.0 [2.1–7.8] comparing 
ACEI/ARB users with versus without HIV (P < .01).

In the multivariate model that excluded men who developed 
DM over follow-up (n = 1048 pre-DM men remaining), PWH 
had a 5.0 times [95% CI, 3.1–7.9 times] greater IR of proteinuria 
than PWOH (P < .01). APOL1 risk variants are known drivers of 
proteinuria and chronic kidney disease among black individuals 
[9]. However, when we restricted our analysis to men of self- 
reported black race (n = 302), incident proteinuria by HIV seros-
tatus remained statistically significant (IRR, 2.3 [95% CI, 1.2– 
4.7]), P = .02.

DISCUSSION

Pre-DM is a very common condition that increases not only the 
risk of DM but also the risk of end-organ complications, such as 
kidney disease, cardiovascular disease, and neuropathy, in the 

Table 1. Baseline Participant Characteristics of 1276 Men With Pre– 
Diabetes Mellitus

Characteristic

Participants, No. (%)

P Value
PWOH 

(n = 663)
PWH 

(n = 613)

Age, median (IQR), y 53.7 (47.3–59.9) 49.5 (43.9–55.6) <.01a

Nonwhite race/ethnicity 179 (27) 293 (48) <.01a

College degree 410 (62) 281 (46) <.01a

Smoking status

Never smoked 208 (32) 171 (29) .04a

Former smoker 287 (44) 246 (41)

Current smoker 157 (24) 182 (30)

eGFR,b mL/min/1.73 m2

<60 11 (2) 19 (3) <.01a

60–90 316 (48) 231 (38)

>90 336 (51) 363 (59)

BMI, median (IQR)c 27.2 (24.4–30.3) 25.7 (23.3–28.8) <.01a

Dyslipidemia 514 (78) 492 (81) .27

Current ACEI/ARB use 117 (18) 97 (17) .50

High blood pressure 156 (24) 135 (22) .55

Hepatitis C infection 24 (4) 42 (7) .01a

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II 
receptor blocker; BMI, body mass index; eGFR, estimated glomerular filtration rate; 
IQR, interquartile range; PWH, people with human immunodeficiency virus (HIV); 
PWOH, people without HIV.  
aSignificant at P < .05.  
beGFR determined using the race-free CKD-EPI (Chronic Kidney Disease Epidemiology 
Collaboration) equation.  
cBMI calculated as weight in kilograms divided by height in meters squared.
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general population [10–15]. We have previously shown in the 
MACS that among men with pre-DM, the risk of developing 
DM was 40% higher among PWH than among PWOH after ad-
justment for competing DM risk factors [6]. In this analysis, 
which spanned a median 10 years of follow-up and included 
1276 participants, we showed that the risk of incident protein-
uria in men with pre-DM was 3 times greater among PWH than 
among PWOH after adjustment for traditional risk factors. 
Given that proteinuria is strongly associated with subsequent 
declines in glomerular filtration rate and chronic kidney dis-
ease, our findings suggest that persons with pre-DM and HIV 
may particularly benefit from interventions to preserve kidney 
function and that further study is warranted.

Similar to findings in the general population [16], the preva-
lence of pre-DM was high in the MACS population, with >50% 
of MACS participants categorized as pre-DM during the study 
interval. Among men with pre-DM, the characteristics of those 
with HIV differed from those of men without HIV. Men with 
pre-DM and HIV were on average younger, had a lower BMI, 
were more likely to be nonwhite, and were more likely to have 
HCV. Persons with pre-DM are at risk for multiple negative 
health outcomes, including renal dysfunction. At the baseline 
visit, 6.5% of MACS men with pre-DM had prevalent protein-
uria (UPCR >200 mg/g), equivalent to an albumin-to-creatinine 

ratio of 52 mg/g. This is comparable to findings from the US 
National Health and Nutrition Examination Survey in 2011– 
2014, in which 7.7% of persons with pre-DM had prevalent mi-
croalbuminuria (albumin-to-creatinine ratio ≥30 mg/g) [17].

One major strength of our study was its longitudinal design. 
After we excluded men with significant proteinuria at baseline, 
14% developed incident proteinuria (UPCR ≥200 mg/g, con-
firmed on a subsequent visit) over the median 10-year study in-
terval. Of 9 studies in a 2016 systematic review, studies 
examining the relationship between pre-DM and incident 
chronic kidney disease, only 1 reported on the outcome of pro-
teinuria alone and found that pre-DM was associated with 
incident dipstick proteinuria (relative risk, 1.31 [95% CI, 
1.16–1.48]) [18]. In a subsequent large study of Japanese adults, 
proteinuria developed in 2.1% of >116 000 persons with 
pre-DM over 2 years (defined as a dipstick urinary protein 
scores of ≥1+; equivalent to a UPCR ≥150 mg/g), which was 
approximately 30% that in those with normoglycemia [5]. In 
the Chronic Renal Insufficiency Cohort [19], a US-based mul-
ticenter cohort of persons with chronic kidney disease, 37% of 
847 individuals with pre-DM had proteinuria progression 
(doubling of UPCR to ≥0.22 g/g creatinine) over a 7.5 year 
follow-up period; these results were 23% higher than in those 
with normoglycemia.

Figure 1. Incident proteinuria among men with pre–diabetes mellitus (DM) over a median of 10 years of follow-up Differences by human immunodeficiency virus (HIV) 
serostatus. (Percentages displayed in the figure differ slightly from those reported in the text owing to HIV seroconversion over follow-up.)
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The central finding of our study was that HIV serostatus was the 
factor second-most strongly associated with incident proteinuria in 
men with pre-DM, with a relative risk of 3.3. These results are sim-
ilar to those of a previous MACS analysis [4], which showed that 
prevalent proteinuria was nearly 7 times more common in men 
with HIV on ART than in those without HIV, after multivariable 
adjustment. Our findings extend these results by examining inci-
dent rather than prevalent proteinuria and focusing on men with 
pre-DM, a population at increased risk for renal complications 
that may particularly benefit from preventive strategies.

Among HIV disease and treatment variables, we found that a 
lower CD4 cell count and certain ART exposures were associ-
ated with incident proteinuria. Similar to the MACS prevalence 
analysis, we found that a current CD4 cell count <500/µL was 
associated with a 2-fold increase in incident proteinuria among 
PWH with pre-DM, although no statistically significant associ-
ation was seen with nadir CD4 cell count, history of AIDS, or 
other markers of immunologic function. In previous MACS 
analyses, proteinuria and renal dysfunction have been associat-
ed with markers of systemic inflammation [4, 20]. We 

hypothesize that immunologic dysfunction and resulting sys-
temic inflammation in those with incomplete T-cell recovery 
is also driving the risk of proteinuria in PWH with pre-DM.

Specific ART medications may contribute to proteinuria risk in 
men with HIV and pre-DM. We found that current protease inhib-
itor use was associated with incident proteinuria, as seen in previous 
studies [4], while INSTI use was associated with a lower risk of pro-
teinuria. This latter finding requires confirmation in other studies, 
especially given the known effects of INSTI use on weight and met-
abolic outcomes [21, 22]. Of note, in our analysis tenofovir use was 
not associated with incident proteinuria, which we suspect is be-
cause men who were receiving TDF and had proteinuria at baseline 
were excluded from the analysis by design, obscuring any overall as-
sociation between TDF use and proteinuria. Indeed, 399 of 613 
PWH (65%) who were included had ever taken TDF, while 66 of 
81 (81%) who were excluded at baseline owing to prevalent protein-
uria had ever taken TDF (P = .005). Given that the effect of TDF on 
renal tubular dysfunction is heterogeneous, we hypothesize that 
those included in our analysis who were receiving TDF were less 
at risk for incident proteinuria than those who were excluded.

Figure 2. Multivariable regression model for incident proteinuria among 1276 men with pre–diabetes mellitus (DM). Forest plot of multivariate Poisson regression model 
results, among 1276 men with pre-DM between 1 April 2006 and 30 September 2019. Incident proteinuria is the outcome, human immunodeficiency virus (HIV) serostatus is 
the main exposure, and controls are age, race/ethnicity, education, smoking status, categorical estimated glomerular filtration rate (eGFR; determined using the race-free 
CKD-EPI [Chronic Kidney Disease Epidemiology Collaboration] equation), body mass index (BMI; calculated as weight in kilograms divided by height in meters squared), 
dyslipidemia, angiotensin-converting enzyme inhibitor (ACEI)/angiotensin II receptor blocker (ARB) use, high blood pressure (BP), and hepatitis C virus (HCV) infection. 
Error bars represent 95% confidence intervals; dashed vertical line, incidence rate ratio (IRR) of 1.0 (no difference in proteinuria risk by exposure). Abbreviation: Ref, reference.
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Other than HIV serostatus, we identified several other risk 
factors associated with incident proteinuria. For example, hyper-
tension, a well-known risk factor for proteinuria, had an IRR of 
2.0 [95% CI, 1.4–2.7] (with high BP defined as a systolic BP of 
≥140 mm Hg or a diastolic BP of ≥90 mm Hg). When we expand-
ed the definition of hypertension to also include those receiving an-
tihypertensive medications, the point estimates for both the effect 
of hypertension on incident proteinuria and the effect of HIV on 
incident proteinuria were unchanged compared with the initial 
analysis (data not shown). In addition to well-known risk factors 
for incident proteinuria, such as renal impairment and 

hypertension, HCV was also a strong risk factor, as seen in previous 
analyses [4, 23]. Early evidence suggests that HCV treatment and 
cure may decrease the risk of proteinuria and renal disease [24]

Taken together, our findings suggest that PWH with pre-DM 
may represent an important target population for prevention 
strategies. This may include recommendations that promote 
more aggressive lifestyle changes or metformin use to reduce 
the progression to overt DM and its related complications, such 
as renal disease. The use of sodium glucose transporter 2 inhibitor 
treatment, which has favorable effects on protein excretion and 
glycemic control, should be evaluated in this population [25], as 

Figure 3. Multivariable regression model for incident proteinuria among 613 men with pre–diabetes mellitus (DM) and human immunodeficiency virus (HIV). Forest plot of 
multivariate Poisson regression model results, among 613 men with pre-DM and HIV between 1 April 2006 and 30 September 2019. Incident proteinuria is the outcome, and 
covariates are age, race/ethnicity, education, smoking status, categorical estimated glomerular filtration rate (eGFR; determined using the race-free CKD-EPI [Chronic Kidney 
Disease Epidemiology Collaboration] equation), body mass index (BMI), dyslipidemia, angiotensin-converting enzyme inhibitor (ACEI)/angiotensin II receptor blocker (ARB) 
use, high blood pressure (BP), hepatitis C virus (HCV) infection, suppressed HIV viral load (VL), history of clinical AIDS, current CD4 cell count <500/µL, CD4 cell count nadir 
<200/µL, and cumulative years of antiretroviral therapy (ART) and highly active ART (HAART) use before the baseline visit. Error bars represent 95% confidence intervals (CIs); 
dashed vertical line, incidence rate ratio (IRR) of 1.0 (no difference in proteinuria risk by exposure). Abbreviation: Ref, reference.
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well as blockade of the renin-angiotensin-aldosterone system, 
which has been shown to be activated in PWH [26].

Our study has several limitations. First, we did not perform oral 
glucose tolerance testing, which may have resulted in our 
underestimating the population with pre-DM. Second, our study 
included only men, so it is unclear whether our findings are gen-
eralizable to women with HIV and pre-DM. Third, because we re-
quired incident proteinuria cases to have 2 UPCR measurements 
within a year of each other, participants with more missed study 
visits would be less likely to be classified as a case patient. This 
may be a concern if the reasons for missing a study visit were re-
lated to a participant having proteinuria.

In conclusion, among men with pre-DM, HIV seropositivity was 
associated with a greater risk of incident proteinuria after adjust-
ment for traditional proteinuria risk factors. Our findings suggest 
the need for implementation of early screening and prevention 
strategies among men with HIV and pre-DM in order to reduce 
the risk of incident proteinuria and long-term kidney disease.
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