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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 Alc 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/uL (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
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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 Alc (HbAlc)
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%). HbAlc 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 TagMan, 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 HbAlc 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 m?), 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/pL, CD4
cell count nadir <200/pL, 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 m? (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 m?, 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

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

Participants, No. (%)

PWOH PWH

Characteristic (n=663) (n=613) P Value
Age, median (IQR), y 563.7 (47.3-59.9) 49.5 (43.9-55.6) <.01°
Nonwhite race/ethnicity 179 (27) 293 (48) <.01?
College degree 410 (62) 281 (46) <.01?
Smoking status

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

Former smoker 287 (44) 246 (41)

Current smoker 157 (24) 182 (30)
eGFR,® mL/min/1.73 m?

<60 11(2) 19 () <.01?

60-90 316 (48) 231 (38)

>90 336 (561) 363 (59)
BMI, median (IQR)° 27.2 (24.4-30.3) 25.7 (23.3-28.8) <.01°
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) .01

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il
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.

2Significant at P<.05.

PeGFR determined using the race-free CKD-EPI (Chronic Kidney Disease Epidemiology
Collaboration) equation.

°BMI calculated as weight in kilograms divided by height in meters squared.

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/pL was significantly associated with a 2
times greater incidence of proteinuria relative to a CD4 cell count
>500/uL (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% ClI,
.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). APOLI 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
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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.)

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 >116000 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.
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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 (ACEIl)/angiotensin Il 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.

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/uL 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 INSTT use was associated with a lower risk of pro-
teinuria. This latter finding requires confirmation in other studies,
especially given the known effects of INSTT 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.

Incident Proteinuria in People With HIV With Pre-Diabetes Mellitus « CID 2024:79 (15 August) « 473

20z Joquieidag g0 UO UIneT saINf Ad 6S1¥09./691/2/6/210IME/PID/W0DdNO"olWapese)/:sdRy WO papPEOjUMOQ



eGFR <60 mL/min/1.73 m?
(Ref: eGFR >90 mL/min/1.73 m?)

HCV infected

(Ref: HCV uninfected)

Current CD4 cell count <500/mm

(Ref: current CD4 cell count =500/uL)
eGFR 60-90 mL/min/1.73 m?

(Ref: eGFR =90 mL/min/1.73 m?)
Current smoker

(Ref: never smoked)

History of clinical AIDS

(Ref: no history of AIDS) g
ACEI/ARB use

4 P
(Ref: no ACEI/ARB use)

High BP
(Ref: BP not high)

Dyslipidemia

(Ref: No dyslipidemia)

HAART and ART cumulative use before
baseline visit, per 5y

Former smoker
(Ref: never smoked)

Age, per 10y
CD4 cell count nadir before baseline visit <200/pL
(Ref: Nadir 2200/pL)

HIV VL suppressed (<500 copies/mL)
(Ref: VL not suppressed)

n

BMI, per 5

College degree earned
(Ref: not earned)

Nonwhite race/ethnicity |
(Ref: non-Latino white)

00 05 1.0

20 25 30 35 40 45 50 55 60 65 7.0
Proteinuria IRR

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 (ACEl)/angiotensin Il 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/uL, CD4 cell count nadir
<200/uL, and cumulative years of antiretroviral therapy (ART) and highly active ART (HAART) use before the baseline visit. Error bars represent 95% confidence intervals (Cls);
dashed vertical line, incidence rate ratio (IRR) of 1.0 (no difference in proteinuria risk by exposure). Abbreviation: Ref, reference.

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
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Table 2. Multivariable Poisson Regression Model Results for Incident
Proteinuria in 613 Men With Pre-Diabetes Mellitus and Human
Immunodeficiency Virus®

HIV Medication Exposure® IRR (95% CI)  PValue

Lamivudine cumulative use, per 5y 0.8 (.7-1.0) .04
Amprenavir cumulative use, per 5y 3.3(1.1-9.4) .03
INSTI use ever (Ref: never used INSTIs) 0.5 (.3-.8) <.01
INSTI cumulative use, per 5y 0.5 (.3-1.0) .03
INSTI use currently (Ref: not currently using INSTIs) 0.5 (.3-.9) <.01
Pl use currently (Ref: not currently using Pls) 1.5(1.0-2.3) .03

Abbreviations: Cl, confidence interval; INSTI, integrase inhibitor; IRR, incidence rate ratio; PI,
protease inhibitor; Ref, reference.

#Models also controlled for age, race/ethnicity, education, smoking status, categorical
estimated glomerular filtration rate (determined using the race-free CKD-EPI [Chronic
Kidney Disease Epidemiology Collaboration] equation), body mass index, dyslipidemia,
angiotensin-converting enzyme inhibitor/angiotensin Il receptor blocker use, high blood
pressure, hepatitis C virus infection, suppressed human immunodeficiency virus (HIV)
viral load, history of clinical AIDS, current CD4 cell count <500/uL, and CD4 cell count
nadir before the baseline visit <200/uL.

PHIV medications were included in separate regression models. Only statistically significant
results are presented. Also explored were cumulative exposure to antiretroviral therapy
(ART), retrovir, stavudine, ritonavir, combivir, trizivir, tenofovir, atazanavir, darunavir,
dolutegravir, didanosine, saquinavir, nelfinavir, emtricitabine, zalcitabine, abacavir,
indinavir, lopinavir, nevirapine, delavirdine, efavirenz, enfuvirtide, elvitegravir, thymidine
analogs, nucleoside reverse-transcriptase inhibitors, Pls, nonnucleoside
reverse-transcriptase inhibitors, or highly active ART; any use ever of stavudine, tenofovir,
dolutegravir, thymidine analogues, or Pls; and current use of highly active ART or tenofovir.

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.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors, so
questions or comments should be addressed to the corresponding author.

Notes

Acknowledgments. The authors gratefully acknowledge the contribu-
tions of the study participants and dedication of the staff at the
Multicenter AIDS Cohort Study (MACS)/WIHS (Women’s Interagency
HIV Study) Combined Cohort Study (MWCCS) sites.

Author contributions. L. S. and T. T. B. conceived and designed the
study. B. W. B. and A. G. A. were responsible for data acquisition and

statistical analysis. L. S., B. W. B., A. G. A,, and T. T. B. performed
the analysis, interpreted the results, and wrote the first draft of the
report. All authors critically revised the report and approved the final
version.

MWCCS (principal investigators). Atlanta Clinical Research Site (CRS)
(Ighovwerha Ofotokun, Anandi Sheth, and Gina Wingood); Baltimore CRS
(Todd Brown and Joseph Margolick); Bronx CRS (Kathryn Anastos, David
Hanna, and Anjali Sharma); Brooklyn CRS (Deborah Gustafson and
Tracey Wilson); Data Analysis and Coordination Center (Gypsyamber
D'Souza, Stephen Gange, and Elizabeth Topper); Chicago-Cook County
CRS (Mardge Cohen and Audrey French); Chicago-Northwestern CRS
(Steven Wolinsky, Frank ] Palella, and Valentina Stosor); Northern
California CRS (Bradley Aouizerat, Jennifer Price, and Phyllis Tien); Los
Angeles CRS (Roger Detels and Matthew Mimiaga); Metropolitan
Washington CRS (Seble Kassaye and Daniel Merenstein); Miami CRS
(Maria Alcaide, Margaret Fischl, and Deborah Jones); Pittsburgh CRS
(Jeremy Martinson and Charles Rinaldo); University of Alabama-
Birmingham/University of Mississipi CRS (Mirjam-Colette Kempf, Jodie
Dionne-Odom, Deborah Konkle-Parker, and James B. Brock); University
of North Carolina CRS (Bradley Drummond and Michelle Floris-Moore).

Disclaimer. The contents of this publication are solely the responsibility
of the authors and do not represent the official views of the National
Institutes of Health (NIH).

Financial support.

The MWCCS is funded primarily by the National Heart, Lung, and Blood
Institute (NHLBI), with additional cofunding from the Eunice Kennedy
Shriver National Institute of Child Health & Human Development
(NICHD), the National Institute on Aging (NIA), the National Institute of
Dental & Craniofacial Research (NIDCR), the National Institute of Allergy
and Infectious Diseases (NIAID), the National Institute of Neurological
Disorders and Stroke (NINDS), the National Institute of Mental Health
(NIMH), the National Institute on Drug Abuse (NIDA), the National
Institute of Nursing Research (NINR), the National Cancer Institute (NCI),
the National Institute on Alcohol Abuse and Alcoholism (NIAAA), the
National Institute on Deafness and Other Communication Disorders
(NIDCD), the National Institute of Diabetes and Digestive and Kidney
Diseases (NIDDK), the National Institute on Minority Health and Health
Disparities (NIMHD), and in coordination and alignment with the research
priorities of the NIH, Office of AIDS Research (OAR). The NIH grant numbers
supporting the MWCCS sites are: U01-HL146241, U01-HL146201, U01-
HL146204, UO01-HL146193, UO01-HL146245, U01-HL146240, UO01-
HL146242, U01-HL146333, U01-HL146205, UO01-HL146203, UO01-
HL146208, U01-HL146192, U01-HL146194. MWCCS data collection is also
supported by NIH grants UL1-TR000004, UL1-TR003098, UL1-TR001881,
P30-AI-050409, P30-AI-073961, P30-AI-050410, P30-AI-027767, P30-MH-
116867, UL1-TR001409, KL2-TR001432, and TL1-TR001431.

Potential conflicts of interest. L. S. declares consulting fees, support for at-
tending meetings, and payment for presentation from Gilead Sciences, ViiV
Healthcare, and Merck, outside the present work. A. G. A. declares a
National Heart, Lung, and Blood Institute grant paid to her
institution. F. J. P. declares payment from ViiV, Gilead Sciences, Janssen,
Merck, and EMD Serono, outside the present work. J. W. M. declares a
NIH/NHLBI research grant to the University of Pittsburgh and is an
American Heart Association committee member. J. E. L. declares research sup-
port from Gilead Sciences, Pfizer, Oncoimmune, and CytoDyn, all paid to her
institution; consulting fees for Theratechnologies; and stock options from
CytoDyn. T. T. B. declares consulting fees from Merck, Janssen, Gilead
Sciences, and ViiV Healthcare, outside the present work. All other authors re-
port no potential conflicts.

All authors have submitted the ICMJE Form for Disclosure of Potential
Conflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed.

References

1. Choi AL Shlipak MG, Hunt PW, Martin JN, Deeks SG. HIV-infected persons con-
tinue to lose kidney function despite successful antiretroviral therapy. AIDS 2009;
23:2143-9.

Incident Proteinuria in People With HIV With Pre-Diabetes Mellitus « CID 2024:79 (15 August) « 475

20z Joquieidag g0 UO UIneT saINf Ad 6S1¥09./691/2/6/210IME/PID/W0DdNO"olWapese)/:sdRy WO papPEOjUMOQ


http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciae065#supplementary-data

. Moso MA, Woolnough E, Langham F, et al. Increasing prevalence and risk of

chronic kidney disease in human immunodeficiency virus-infected individuals:
changing demographics over a 6-year period. ] Infect Dis 2018; 217:1013-5.

. Nathan DM, Davidson MB, DeFronzo RA, et al. Impaired fasting glucose and im-

paired glucose tolerance: implications for care. Diabetes Care 2007; 30:753-9.

. Palella FJJr, Li X, Gupta SK, et al. Long-term kidney function, proteinuria, and

associated risks among HIV-infected and uninfected men. AIDS 2018; 32:
1247-56.

. Furukawa M, Onoue T, Kato K, et al. Prediabetes is associated with proteinuria

development but not with glomerular filtration rate decline: a longitudinal obser-
vational study. Diabet Med 2021; 38:¢14607.

. Slama L, Barrett BW, Abraham AG, et al. Risk for incident diabetes is greater in

pre-diabetic men with HIV than without HIV. AIDS 2021; 35:1605-14.

. Kaslow RA, Ostrow DG, Detels R, Phair JP, Polk BF, Rinaldo CRJr. The

Multicenter AIDS Cohort Study: rationale, organization, and selected character-
istics of the participants. Am J Epidemiol 1987; 126:310-8.

. Inker LA, Eneanya ND, Coresh J, et al. New creatinine- and cystatin C-based

equations to estimate GFR without race. N Engl ] Med 2021; 385:1737-49.

. Chen TK, Tin A, Peralta CA, et al. APOLI risk variants, incident proteinuria, and

subsequent eGFR decline in blacks with hypertension-attributed CKD. Clin ] Am
Soc Nephrol 2017; 12:1771-7.

. Tabak AG, Herder C, Rathmann W, Brunner EJ, Kivimaki M. Prediabetes: a high-

risk state for diabetes development. Lancet 2012; 379:2279-90.

. Ali MK, Bullard KM, Saydah S, Imperatore G, Gregg EW. Cardiovascular and re-

nal burdens of prediabetes in the USA: analysis of data from serial cross-sectional
surveys, 1988-2014. Lancet Diabetes Endocrinol 2018; 6:392-403.

. Huang Y, Cai X, Mai W, Li M, Hu Y. Association between prediabetes and risk of

cardiovascular disease and all cause mortality: systematic review and meta-
analysis. BMJ 2016 Nov 23; 355:15953.

. Palladino R, Tabak AG, Khunti K, et al. Association between pre-diabetes and mi-

crovascular and macrovascular disease in newly diagnosed type 2 diabetes. BMJ
Open Diabetes Res Care 2020 Apr; 8:e001061.

. Stino AM, Smith AG. Peripheral neuropathy in prediabetes and the metabolic

syndrome. ] Diabetes Investig 2017; 8:646-55.

20.

21.

22.

23.

24.

25.

26.

. Vistisen D, Witte DR, Brunner EJ, et al. Risk of cardiovascular disease and death

in individuals with prediabetes defined by different criteria: the Whitehall II
study. Diabetes Care 2018; 41:899-906.

. Menke A, Casagrande S, Geiss L, Cowie CC. Prevalence of and trends in diabetes

among adults in the United States, 1988-2012. JAMA 2015; 314:1021-9.

. Sumida K, Nadkarni GN, Grams ME, et al. Conversion of urine protein-creatinine

ratio or urine dipstick protein to urine albumin-creatinine ratio for use in chronic
kidney disease screening and prognosis: an individual participant-based meta-
analysiSA Ann Intern Med 2020; 173:426-35.

. Echouffo-Tcheugui JB, Narayan KM, Weisman D, Golden SH, Jaar BG.

Association between prediabetes and risk of chronic kidney disease: a systematic
review and meta-analysis. Diabet Med 2016; 33:1615-24.

. Neves JS, Correa S, Baeta Baptista R, Bigotte Vieira M, Waikar SS, Mc Causland

FR. Association of prediabetes with CKD progression and adverse cardiovascular
outcomes: an analysis of the CRIC study. J Clin Endocrinol Metab 2020; 105:
€1772-80.

Abraham AG, Darilay A, McKay H, et al. Kidney dysfunction and markers of in-
flammation in the Multicenter AIDS Cohort Study. J Infect Dis 2015; 212:
1100-10.

Lake JE, Trevillyan J. Impact of integrase inhibitors and tenofovir alafenamide on
weight gain in people with HIV. Curr Opin HIV AIDS 2021; 16:148-51.
O’Halloran JA, Sahrmann J, Parra-Rodriguez L, et al. Integrase strand transfer in-
hibitors are associated with incident diabetes mellitus in people with human im-
munodeficiency virus. Clin Infect Dis 2022; 75:2060-5.

Kurbanova N, Qayyum R. Association of hepatitis C virus infection with protein-
uria and glomerular filtration rate. Clin Transl Sci 2015; 8:421-4.

Salama II, Raslan HM, Abdel-Latif GA, et al. Impact of direct-acting antiviral reg-
imens on hepatic and extrahepatic manifestations of hepatitis C virus infection.
World J Hepatol 2022; 14:1053-73.

Mosenzon O, Wiviott SD, Heerspink HJL, et al. The effect of dapagliflozin on al-
buminuria in DECLARE-TIMI 58. Diabetes Care 2021; 44:1805-15.

Srinivasa S, Thomas TS, Feldpausch MN, Adler GK, Grinspoon SK. Coronary
vasculature and myocardial structure in HIV: physiologic insights from the
renin-angiotensin-aldosterone system. J Clin Endocrinol Metab 2021; 106:
3398-412.

476 « CID 2024:79 (15 August) « Slama et al

20z Joquieidag g0 UO UIneT saINf Ad 6S1¥09./691/2/6/210IME/PID/W0DdNO"olWapese)/:sdRy WO papPEOjUMOQ



	Incident Proteinuria by HIV Serostatus Among Men With Pre¬–Diabetes Mellitus: The Multicenter AIDS Cohort Study
	METHODS
	Study Population
	Laboratory Methods
	Pre-DM Assessment
	Incident Proteinuria Assessment
	Statistical Analysis
	Sensitivity Analyses

	RESULTS
	Baseline Characteristics
	Incident Proteinuria Among Men With Pre-DM: Differences by HIV Serostatus
	Incident Proteinuria Among Men With Pre-DM and HIV
	Multivariate Regression Models: Sensitivity Analyses

	DISCUSSION
	Supplementary Data
	Notes
	References


