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Abstract

This study investigated whether the predictive ability of the Finnish Diabetes Risk Score (FINDRISC) can be
improved among people with HIV by adding a marker of insulin resistance. In this longitudinal analysis of the
Multicenter AIDS Cohort Study and the Women’s Interagency HIV Study, HIV-positive and HIV-negative par-
ticipants without prevalent diabetes were included. FINDRISC score and the Homeostasis Model Assessment of
Insulin Resistance (HOMA-IR) were calculated at baseline. Cox proportional hazards models were used to examine
associations between baseline risk scores and time to incident diabetes (first self-report of diabetes medication use).
Model discrimination (Uno’s c-statistic) and calibration (observed vs. cumulative probability of diabetes) were
assessed for FINDRISC, HOMA-IR, and combined FINDRISC and HOMA-IR. Overall, 2,527 men (1,299 HIV-
positive and 1,228 HIV-negative, median age = 44) and 2,446 women (1,841 HIV-positive and 605 HIV-negative,
median age = 41) were included. Over 47,040 person-years of follow-up, diabetes incidence rates per 1,000 person-
years were 9.5 in HIV-positive men, 7.1 in HIV-negative men, 14.5 in HIV-positive women, and 15.1 in HIV-
negative women. FINDRISC discrimination (HIV-positive men c = 0.64 [0.55, 0.74], HIV-negative men c = 0.74
[0.68, 0.79], HIV-positive women c = 0.68 [0.64, 0.71], and HIV-negative women c = 0.73 [0.66, 0.79]) was
significantly better than that of HOMA-IR. FINDRISC was better calibrated than HOMA-IR in each of the four
groups. Adding HOMA-IR did not improve FINDRISC discrimination/calibration. Diabetes risk prediction with
FINDRISC was suboptimal in men and women with HIV, and its performance was not improved with addition of
HOMA-IR. The optimal method for identifying people living with HIV at-risk for diabetes is yet to be identified.
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Introduction

Type 2 diabetes is a significant comorbidity among
people living with HIV (PWH). The national diabetes

prevalence in PWH has surpassed that of the general U.S.
population, reaching 12% in 2010.1 In addition, some cohort
studies have shown higher diabetes incidence in PWH com-
pared with those without HIV.2,3 HIV-related risk factors, such
as increased systemic inflammation and exposure to early era
antiretroviral therapies, increase diabetes risk.4–9 There is ev-
idence that traditional risk factors, such as increasing age and
obesity, are more influential in increasing diabetes risk among
PWH.10 HIV clinical guidelines therefore recommend de-

tecting individuals at risk for diabetes and addressing risk
factors11–13; however, the optimal method for identifying at-
risk PWH is yet to be identified.

Diabetes risk scores can be useful tools to identify PWH at
risk for diabetes. For instance, the Finnish Diabetes Risk
Score (FINDRISC)14 is a widely validated short question-
naire found to be effective for diabetes risk screening in the
U.S. general population.15,16 In the HIV population, FIN-
DRISC has been identified as a promising screening tool17

but its performance in the U.S. HIV population has been
found to be suboptimal.18 Because PWH experience a high
burden of insulin resistance owing to antiretroviral medica-
tion use and chronic systemic inflammation,9,19–21 adding a
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measure of insulin resistance may improve FINDRISC per-
formance in the HIV population. Specifically, the Home-
ostasis Model Assessment of Insulin Resistance (HOMA-IR),
which measures the relationship between plasma glucose and
insulin concentrations,22 has been shown to be a strong pre-
dictor of diabetes development in the general population,23

and has potential for improving FINDRISC performance
in PWH.

We assessed the comparative performance of FINDRISC
and HOMA-IR separately and whether combining them
improves prediction of incident diabetes among men and
women living with and without HIV.

Methods

Study design and population

Our analyses included HIV-positive and HIV-negative
participants from the Multicenter AIDS Cohort Study
(MACS)24 and the Women’s Interagency HIV Study (WIHS).25

Since their inception in 1984 and 1993, respectively, MACS
has enrolled 7,358 men (3,270 HIV-positive and 4,088 HIV-
negative) and WIHS has enrolled 4,982 women (3,677 HIV-
positive and 1,305 HIV-negative). Participants attended a
study visit every 6 months, where they underwent a com-
prehensive physical examination, blood sampling, and com-
plete interviewer-administered questionnaires, which collected
information on demographics, disease characteristics, and
specific antiretroviral therapy use. The MACS and WIHS study
protocols and consent forms were approved by the Institutional
Review Board at each study site, and all participants provided
written informed consent.

For the current analysis, we first identified 3,224 MACS and
3,444 WIHS participants that had an index visit, defined as the
first visit in which data on fasting blood glucose, hemoglobin
A1c, self-reported anti-diabetes medication use, and self-
reported diabetes were concurrently available. Fasting blood
glucose and hemoglobin A1c were collected since April 1999
in MACS and beginning in October 2000 in WIHS. In both
studies, data on self-reported anti-diabetes medication use
and self-reported diabetes were collected since study incep-
tion. From MACS and WIHS participants with an index visit,
we excluded 355 (11%) MACS participants and 509 (15%)
WIHS participants with prevalent diabetes (defined as fasting
blood glucose ‡7.0 mmol/L or hemoglobin A1c ‡6.5%, or
self-reported anti-diabetes medication use, or self-reported
diabetes). From the remaining 2,869 MACS and 2,935 WIHS
participants, we included participants with complete data for
analyses.

Primary exposures, outcome, and participant
characteristics

The exposures were the index visit values of FINDRISC
and HOMA-IR for each participant. FINDRISC is a ques-
tionnaire that yields a score obtained by summing risk points
based on participant age (0, 2, or 3 points), body mass index
(0, 1, or 3 points), waist circumference (0, 3, or 4 points),
history of elevated fasting blood glucose (0 or 5 points), and
self-reported history of hypertension medication use (0 or 2
points). For our analysis, we used measured fasting blood
glucose but FINDRISC uses a self-report for history of ele-
vated blood glucose. We used the FINDRISC concise model

that excludes physical activity and fruit and vegetable con-
sumption14; this model has been validated in a biracial U.S.
population.26 HOMA-IR was computed as [fasting insulin
(lIU/mL) · fasting glucose (mmol/L)]/22.5,22 where values
‡2.0 indicate insulin resistance. All biochemical assays in
MACS and WIHS were centralized and carried out by trained
laboratory staff using standardized methods.24,25

The outcome of interest was incident diabetes, defined as
the first time after the index visit at which the participant self-
reported diabetes medication use. This diabetes outcome
definition was used because it is the outcome for which
FINDRISC was validated.14

Participant demographic characteristics (race, age, body
mass index, and self-reported health insurance status) were
summarized at the index visit. The proportion of participants
with prediabetes (defined as fasting blood glucose 5.55–
6.99 mmol/L or hemoglobin A1c 5.7%–6.4%) was also
summarized at the index visit. Among HIV-positive partici-
pants, we calculated the proportion reporting stavudine use,
ritonavir use, or any protease inhibitor use as of the index
visit. The proportion of HIV-positive participants with un-
detectable HIV RNA, defined as HIV-1 RNA less than the
lower limit of detection, was also obtained.

Statistical analysis

The ability of FINDRISC, HOMA-IR, and FINDRISC in
combination with HOMA-IR for discriminating participants
who developed diabetes from those who did not was assessed
using Uno’s c-statistic.27 Values falling between 0.50 and
0.59 indicated poor discrimination, 0.60–0.69 suboptimal
discrimination, 0.70–0.79 acceptable discrimination, and
‡0.80 good discrimination.

Calibration was assessed by comparing the predicted cu-
mulative probability of developing diabetes determined from
a Cox regression model against the observed probability of
developing incident diabetes for each exposure by sex/HIV
group. Specifically, the ith participant had time (ti) to incident
diabetes, an indicator for whether or not they experienced the
event (di = 0 if no event, di = 1 if event), and an index visit
value for each predictor (Xi), which is FINDRISC or HOMA-
IR value.

From each Cox model, we estimated the probability that
the ith participant developed diabetes by 10 years, Fi (10) by
evaluating the expression 1 – S0(10)e(b$Xi), where S0(10) is
the value of the underlying survival function at 10 years,
e is the inverse of the natural logarithm function, b is the
log(relative hazard), and Xi is the value of either FINDRISC
or HOMA-IR of the ith participant. When both FINDRISC
and HOMA-IR were included in the same model, Xi is the
constellation of index visit values of both FINDRISC and
HOMA-IR for the ith participant.

The estimated probabilities Fi (10) for all participants were
divided into tertiles, and the median value within each tertile
was determined. The estimated median was then compared
with the observed F(10) value from 1 – Kaplan–Meier curve
at 10 years calculated from the (ti, di) in a given tertile. An
exposure was deemed well calibrated if the estimated median
within a tertile was close to 1 – Kaplan–Meier curve at time
t = 10 years and its corresponding 95% confidence interval.
Ten years corresponded to the 38th percentile of follow-up
time in MACS and 63rd percentile of follow-up time in
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WIHS. Individuals not reporting diabetes medication use
were censored at the date of their last study visit. Analyses
were conducted in SAS version 9.4.

Results

We included 1,299 HIV-positive and 1,228 HIV-negative
men and 1,841 HIV-positive and 605 HIV-negative women
in our analyses. Median (interquartile range) index visit dates
were December 2002 ( June 2000, August 2005) for HIV-
positive men, August 2002 (October 2001, July 2003) for

HIV-negative men, November 2002 ( July 2001, January
2012) for HIV-positive women, and January 2003 (February
2002, December 2011) for HIV-negative women (Fig. 1).

At the index visit, median ages were 44 years in men and
41 years for women and more women were of African
American race than men (65% vs. 26%). Baseline predia-
betes (fasting blood glucose, 5.55–6.99 mmol/L or hemo-
globin A1c, 5.7%–6.4%) was more prevalent among women
than men (31% vs. 25%). Women also had a higher median
body mass index than men (27.8 kg/m2 vs. 25.1 kg/m2).
Among HIV-positive participants, 52% men and 49% wo-
men had history of protease inhibitor use at the index visit,
with 23% of all HIV-positive participants reporting a history
of ritonavir use. An estimated 49% men and 45% women had
viral suppression (HIV-1 RNA less than the lower limit of
detection) at the index visit (Table 1).

Index visit values for FINDRISC and HOMA-IR expo-
sures by sex and HIV status are given in Table 2. HIV-
positive and HIV-negative women had higher FINDRISC
scores (median score 6) than HIV-positive (median score 3)
and HIV-negative men (median score 4). Higher scores
among women were driven by a greater prevalence of obe-
sity, higher waist circumference, and hypertension. Overall,
men presented with higher HOMA-IR values (indicating
greater insulin resistance) than women. HOMA-IR values
were also higher in HIV-positive than HIV-negative partic-
ipants (Table 2). Insulin resistance (HOMA-IR ‡ 2.0) was
more prevalent among men: 67% HIV-positive and 60%
HIV-negative men, compared with 53% HIV-positive and 42%
HIV-negative women.

Regarding diabetes development, 237 of 2,527 men and 268
of 2,446 women self-reported diabetes medication use after
index visit. Of these, 185 (78%) men and 180 (67%) women
also had either fasting blood glucose ‡126 mg/dL or hemo-
globin A1c ‡6.5%. However, 355 (14%) men and 179 (7%)
women had fasting blood glucose ‡126 or hemoglobin A1c
‡6.5% and did not self-report diabetes medication use; hence,
they were not counted as diabetes cases in our analysis. In-
cidence rates for self-reported diabetes medication use over
47,040 person-years of follow-up were 9.5 cases per 1,000

FIG. 1. Participant selection flow chart.

Table 1. Participant Characteristics by Sex and HIV Status at the Index Visit

MACS WIHS

Characteristics
HIV positive
(n = 1,299)

HIV negative
(n = 1,228)

HIV positive
(n = 1,841)

HIV negative
(n = 605)

African American race (%) 31 20 64 68
Age (years) 42 (35–48) 46 (39–53) 42 (35–47) 39 (30–46)
Body mass index (kg/m2) 24.7 (22.6–27.3) 25.5 (23.1–28.3) 27.6 (23.8–33.1) 28.7 (23.8–34.5)
Prediabetesa (%) 26 24 30 34
Insulin (mmol/L) 78.5 (58.3–112.5) 70.1 (53.5–98.6) 69.5 (41.7–111.1) 55.6 (34.7–104.2)
Fasting blood glucose (mmol/L) 5.0 (4.6–5.4) 4.9 (4.6–5.3) 4.7 (4.4–5.1) 4.6 (4.3–5.0)
History of stavudine use (%) 40 NA 35 NA
History of protease inhibitor use (%) 52 NA 49 NA
History of ritonavir use (%) 23 NA 23 NA
CD4 cell count (cells/mm3) 511 (343–721) 883 (704–1,082) 461 (289–656) 970 (770–1,212)
Undetectable HIV RNAb (%) 49 NA 45 NA

Values presented are percentages or median (IQR). The index visit is the first visit at which fasting blood glucose, hemoglobin A1c, self-
reported antidiabetes medication use, and self-reported diabetes data were concurrently available.

aDefined as fasting blood glucose 5.55–6.94 mmol/L or hemoglobin A1c 5.7%–6.4%.
bDefined as HIV-1 RNA below limit of quantification.
IQR, interquartile range; MACS, Multicenter AIDS Cohort Study; WIHS, Women’s Interagency HIV Study.
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person-years for HIV-positive men, and 7.1 cases per 1,000
person-years for HIV-negative men. Among women, inci-
dence rates for self-reported diabetes medication use were 14.5
cases per 1,000 person-years for HIV-positive, and 15.1 cases
per 1,000 persons-years for HIV-negative women.

FINDRISC and HOMA-IR had similar discrimination in
HIV-positive and HIV-negative men (Table 3). FINDRISC
discrimination was better than that of HOMA-IR in both
HIV-positive (c = 0.68 vs. 0.62, p = .006) and HIV-negative
women (c = 0.73 vs. 0.64, p = .012). FINDRISC was better
calibrated than HOMA-IR in all four groups, although the
model underestimated diabetes risk in HIV-negative men in
the highest risk tertile (Fig. 2). Adding HOMA-IR to FIN-
DRISC did not improve the discrimination or calibration of
FINDRISC.

Discussion

To inform diabetes risk screening practices in HIV care, we
assessed whether the ability of FINDRISC to predict diabetes
development in PWH can be improved by adding a measure
of insulin resistance. We found FINDRISC and HOMA-IR
had similar discrimination among men, whereas FINDRISC
was superior among women. Calibration with FINDRISC was
superior to that of HOMA-IR. However, FINDRISC dis-
crimination was suboptimal in HIV-positive men and women,
suggesting HIV-specific diabetes risk factors are not being
captured in this tool. Of importance, despite a high preva-
lence of insulin resistance, adding HOMA-IR to FINDRISC
did not improve FINDRISC performance. Screening tools that
effectively capture diabetes risk in the HIV population are yet

Table 2. Values for Primary Exposures at the Index Visit by HIV Status in 2,527 Multicenter

AIDS Cohort Study (MACS) and 2,446 Women’s Interagency HIV Study (WIHS) Participants

MACS WIHS

FINDRISC components
Risk

points
HIV positive
(n = 1,299)

HIV negative
(n = 1,228)

HIV positive
(n = 1,841)

HIV negative
(n = 605)

Age, n (%)
<45 years 0 823 (63) 557 (45) 1,186 (64) 432 (71)
45 to <55 years 2 392 (30) 437 (36) 549 (30) 138 (23)
55 to 65 years 3 84 (6) 234 (19) 106 (6) 35 (6)

Body mass index, n (%)
<25 kg/m2 0 686 (53) 531 (43) 607 (33) 190 (31)
25 to <30 kg/m2 1 460 (35) 488 (40) 552 (30) 145 (24)
‡30 kg/me 3 153 (12) 209 (17) 682 (37) 270 (45)

Waist circumference, n (%)
Men <37.0 inches, women <31.5 inches 0 888 (68) 681 (55) 424 (23) 166 (27)
Men 37.0 to <40.2, women 31.5 to <34.6 3 246 (19) 266 (22) 387 (21) 106 (18)
Men ‡40.2 inches, women ‡34.6 inches 4 165 (13) 281 (23) 1,030 (56) 333 (55)

Fasting blood glucose, n (%)
<5.55 mmol/L 0 1,057 (81) 1,029 (84) 1,650 (90) 555 (92)
5.55 to <6.99 mmol/L 5 242 (19) 199 (16) 191 (10) 50 (8)

History of HTN medication, n (%)
No 0 1,166 (90) 1,089 (89) 1,469 (80) 521 (86)
Yes 2 133 (10) 139 (11) 372 (20) 84 (14)

FINDRISC score, median (IQR)a 3 (0–6) 4 (1–7) 6 (4–8) 6 (3–7)
HOMA-IR, median (IQR) 2.5 (1.8–3.7) 2.2 (1.6–3.3) 2.1 (1.3–3.6) 1.7 (1.1–3.2)

Index visit defined as the first visit at which fasting blood glucose, hemoglobin A1c, self-reported antidiabetic medication use, and self-
reported diabetes data were concurrently available.

aScore ranges from 0 to 17. Higher scores reflect higher risk for developing drug-treated diabetes.
HTN, hypertension; FINDRISC, Finnish Diabetes Risk Score; HOMA-IR, Homeostatic Model Assessment of Insulin Resistance.

Table 3. Concordance Statistics (c) to Quantify the Ability of FINDRISC, HOMA-IR,

and FINDRISC+HOMA-IR to Discriminate Risk of Incident Diabetes by Sex and HIV Status

Sex/HIV group
n (%)

with event
FINDRISC, c

(95% CI)
HOMA-IR, c

(95% CI)
FINDRISC+HOMA-IR, c

(95% CI)

HIV-positive men (n = 1,299) 130 (10) 0.64 (0.55–0.74) 0.67 (0.57–0.76) 0.66 (0.55–0.76)
p = .599 (vs. FINDRISC) p = .068 (vs. FINDRISC)

HIV-negative men (n = 1,228) 107 (9) 0.74 (0.68–0.79) 0.72 (0.66–0.78) 0.75 (0.70–0.80)
p = .602 (vs. FINDRISC) p = .069 (vs. FINDRISC)

HIV-positive women (n = 1,841) 197 (11) 0.68 (0.64–0.71) 0.62 (0.57–0.66) 0.68 (0.65–0.72)
p = .006 (vs. FINDRISC) p = .422 (vs. FINDRISC)

HIV-negative women (n = 605) 71 (12) 0.73 (0.66–0.79) 0.64 (0.56–0.71) 0.73 (0.67–0.79)
p = .012 (vs. FINDRISC) p = .613 (vs. FINDRISC)

CI, confidence interval; FINDRISC, Finnish Diabetes Risk Score; HOMA-IR, homeostatic model assessment of insulin resistance.
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to be developed. Until these are available, FINDRISC could
be used for diabetes risk screening in the HIV population, with
caution around its suboptimal discrimination.

FINDRISC performance did not differ by HIV status but was
suboptimal (c < 0.7) in HIV-positive men and women in this
study. In HIV-positive women, FINDRISC discrimination
mirrored our previous findings in WIHS,18 whereas in HIV-
positive men, discrimination was lower than what was found in
a London HIV population of men and women.17 FINDRISC
performance did not differ between men and women; however,
the risk score did capture a risk difference by sex. Specifically,
women had a higher risk score (6 vs. 3), which reflected the
greater prevalence of obesity and hypertension in women, and
later translated into higher diabetes incidence.

FINDRISC was well calibrated for all groups except for
HIV-negative men, where the model underestimated diabetes
development in the highest risk group. As previously sug-
gested,26 different score cutoffs for men and women, or re-
calibration of the algorithm components may be needed to
improve its ability to predict diabetes development across sex
groups.

Whereas addition of hemoglobin A1c has been found to
improve FINDRISC performance in the U.S.,16 we found

addition of HOMA-IR did not improve model performance
in any of the groups studied. Furthermore, the performance
of HOMA-IR alone was suboptimal in this study, and poorer
than what has been reported in the general population.28

Because diabetes develops through a progressive failure of
pancreatic b-cell function accompanied by increased insu-
lin resistance,29 HOMA-IR can reflect different stages or
paths in the natural history of diabetes. Indeed HOMA-IR is
a measure of insulin resistance, which may be a better indi-
cator of diabetes development in its early stages,30 and a limited
predictor of fully developed and treated diabetes, as explored in
this study.

In addition, HOMA-IR is tightly linked to body mass in-
dex, and it is possible that it may be a better predictor in those
with obesity,31 something that was not examined in this
study. Similarly, antiretroviral therapy is associated with
insulin resistance,32 and its prediction ability may be affected
by HIV medication class, which was not explored in this study.
Overall, the usefulness of HOMA-IR as a stand-alone or
add-on risk screening tool remains unclear in the setting of
HIV infection.

Diabetes risk scores are simple tools that can be integrated
in routine HIV care to identify PWH at-risk for diabetes.

FIG. 2. Observed (1 - Kaplan–Meier) versus estimated median cumulative probability in tertiles of reporting anti-diabetes
medication use by 10 years by sex/HIV group using FINDRISC, HOMA-IR, and FINDRISC+HOMA-IR. FINDRISC,
Finnish Diabetes Risk Score; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance.
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Although an HIV-specific diabetes risk score does not exist,
available tools can be used in this effort. For instance, the
D:A:D equation predicts 6-month diabetes risk in PWH4 and
could be used by HIV providers with access to the online
calculator. Furthermore, risk scores such as the American
Diabetes Association Risk Score, the Q-Diabetes Risk Score,
and FINDRISC have also been tested in PWH, with FIN-
DRISC achieving superior performance.17,18 Ideally, HIV-
specific risk score should be developed and current efforts in
MACS and WIHS are focused on in this endeavor. Until an
HIV-specific risk score is finalized, FINDRISC could be used
in routine HIV care to allocate diagnostic testing and pre-
vention resources more cost-effectively.

Our findings should be interpreted in light of some limi-
tations. Because physical activity and fruit and vegetable
consumption data were not complete in MACS and WIHS,
we used the concise FINDRISC model; that said, these life-
style measures remain important considerations in addressing
diabetes risk. Our diabetes definition, although aligned with
the FINDRISC outcome definition, excludes blood glucose
and hemoglobin A1c measures and does not include undi-
agnosed and untreated diabetes cases or those not self-
reporting diabetes medication use.

Conclusion

Type 2 diabetes is a prevalent comorbidity among PWH
that will continue to increase as this population ages. Identi-
fication of at-risk PWH and early intervention should thus
become routine practice in HIV care. Although tools like
FINDRISC can be used in this endeavor, more work is needed
to better understand and screen for diabetes risk in PWH. This
will require investigating the natural history of this condition
in PWH and developing HIV-specific risk assessment models.
Expanding HIV care to identify and address cardiometabolic
diseases such as diabetes is a necessary step to promote the
quality of life and healthy aging of the HIV population.
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