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Abstract
Background—Data regarding the association between HIV and DM are conflicting, with little
known regarding the impact of including hemoglobin A1C (A1C) as a criterion for DM.

Methods—Pooled logistic regression was used to quantify the association between HIV and DM
in 1501 HIV-infected and 550 HIV-uninfected participants from the Women’s Interagency HIV
Study. Incident DM was defined using three DM definitions: (I) fasting glucose (FG) ≥126mg/dl,
anti-DM medication, or reporting DM diagnosis (with confirmation by FG≥126mg/dl or anti-DM
medication); (II) confirmation with a second FG≥126mg/dl; and (III) addition of A1C≥6.5%
confirmed by FG≥126mg/dl or anti-DM medication.

Results—DM incidence per 100 person-years was 2.44, 1.55, and 1.70 for HIV-infected women;
1.89, 0.85, and 1.13 for HIV-uninfected women, using definition I, II, and III, respectively. After
adjustment for traditional DM risk factors, HIV infection was associated with 1.23, 1.90, and 1.38-
fold higher risk of incident DM, respectively; the association reached statistical significance only
when confirmation with a second FG≥126mg/dl was required. Older age, obesity, and a family
history of DM were each consistently and strongly associated with increased DM risk.
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Conclusions—HIV infection is consistently associated with greater risk of DM. Inclusion of an
elevated A1C to define DM increases the accuracy of the diagnosis and only slightly attenuates the
magnitude of the association otherwise observed between HIV and DM. By contrast, a DM
diagnosis made without any confirmatory criteria for FG ≥126mg/dl overestimates the incidence,
while also underestimating the effects of HIV on DM risk, and should be avoided.
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INTRODUCTION
Diabetes mellitus (DM) is of concern in the setting of HIV infection, given that both DM
and HIV infection have been independently associated with an increased risk of
atherosclerosis [1–3]. Whether HIV infection is associated with an increased risk of DM is
unclear. Conflicting findings have been identified in large cohort studies regarding the risk
of DM in HIV-infected individuals relative to uninfected controls. Some studies have
reported an association of HIV with a higher risk of incident DM [4, 5], while others have
reported a similar [6, 7] or even lower risk [8] compared to those who are uninfected.

Possible explanations for these discrepant reports include the different ways in which DM
was defined and the ability to control for factors associated with DM. Specifically, some
definitions included a single fasting glucose (FG) measurement without confirmation [4, 5],
while others required confirmation by an elevated random or FG measurement [7, 8].

In 2010, the American Diabetes Association (ADA) endorsed the recommendations of an
International Expert Committee to include the presence of a hemoglobin A1C (A1C)
measurement ≥6.5%, in addition to a confirmed elevated FG and/or random glucose
measurement and use of anti-DM medication, as criteria for the definition of DM [9]. The
inclusion of AIC should increase the accuracy of the DM diagnosis, because A1C is not
impacted by fasting status and has less day-to-day variability than the glucose measurement.

To our knowledge, no published study has examined the impact of including A1C in the
definition of DM in the setting of HIV infection. Using data collected prospectively from the
Women’s Interagency HIV Study (WIHS), a large representative cohort of HIV-infected and
uninfected women in the United States, we examined the association of HIV and other
factors with incident DM risk and compared how varying definitions of DM might affect
these relationships.

METHODS
Study Population

The WIHS is a multicenter prospective cohort study that was established in 1994 to
investigate the progression of HIV in women with and at risk for HIV infection. A total of
3766 women (2791 HIV-infected, 975 HIV-uninfected) were enrolled in either 1994–95
(n=2623) or 2001–02 (n=1,143) from six U.S. sites (Bronx, Brooklyn, Chicago, Los
Angeles, San Francisco and Washington DC). Baseline socio-demographic characteristics
and HIV risk factors were similar between HIV-infected and HIV-uninfected women [10,
11]. An institutional review board approved study protocols and consent forms, and each
study participant gave written informed consent.

Every six months, participants complete a comprehensive physical examination, provide
biological specimens for CD4 cell count and HIV RNA determination, and complete an
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interviewer-administered questionnaire, which collects information on demographics,
disease characteristics, and specific antiretroviral therapy (ARV) use.

Between October 2000 and March 2006, A1C and glucose were measured after participants
had fasted for at least eight hours. Of the 2843 women with a visit between October 2000
and March 2006, 2538 had at least one visit with both FG and A1C measurements; the first
visit with both FG and A1C data available will be referred to as the index visit. Sixty-two of
these 2538 women were excluded due to either a positive (n=59) or missing (n=3) report of
pregnancy at the index visit. Of the remaining 2476 women, 316 (221 of the 1797 HIV-
infected, 95 of the 679 HIV-uninfected) were excluded from all analyses due to prevalent
DM (defined as any of the following: a FG≥126mg/dL or A1C≥6.5% at index, anti-DM
medication use reported prior to or at index, or a history of self-report DM prior to or at
index). Of the remaining 2160 women, 109 had no follow-up with sufficient data to
determine incident DM after the index visit, resulting in our final study population of 2051
women (1501 HIV-infected, 550 HIV-uninfected) who contributed a total of 14,821 visits of
follow-up, including the index visit, to analyses. A1C and FG data were available at 11,633
(78%) and 9924 (67%) of these visits, respectively.

Ascertainment of Incident Diabetes Mellitus
Figure 1 outlines the criteria for the three different definitions of incident DM. Briefly,
definition I uses the first report of anti-DM medication, a FG≥126mg/dL, or a report of DM
with subsequent confirmation by either anti-DM medication use or FG≥126mg/dL, as
previously used in WIHS [5]. Definition II differs from definition I in that an initial
FG≥126mg/dL must be confirmed by a subsequent FG≥126mg/dL or report of anti-DM
medication and a report of DM must be confirmed by a subsequent report of anti-DM
medication or two FG measurements ≥126mg/dL. Definition III differs from definition II in
that a confirmed A1C ≥6.5% is an additional criterion for DM. A report of DM must also be
confirmed by a subsequent report of anti-DM medication, two FG≥126mg/dL, or
FG≥126mg/dL concurrent with A1C≥6.5%. Because African American race has been
associated with greater A1C levels relative to Caucasians [12], in definition III we required
that an A1C≥6.5% be confirmed by a report of anti-DM medication or FG≥126 mg/dL as
recommended by the ADA [9].

Exposures of Interest
In addition to the primary exposure of HIV status, we also examined the effect of race
(Hispanic, Caucasian vs. African-American), HCV infection, and family history of DM on
the risk of incident DM. We allowed age (35–<40, 40–<45, ≥45 vs. <35 yrs), current
smoking status, menopause, and body mass index (25–<30, 30–<40, ≥40 vs. <25 kg/m2) to
be time-varying, incorporating the value at the visit prior to ascertainment of DM in
analyses.

We also examined the impact of ARV, CD4 cell count and HIV RNA on DM risk in HIV-
specific analyses. The WIHS uses a standard definition of highly active antiretroviral
therapy (HAART) adapted from the Department of Health and Human Services/Kaiser
Panel guidelines [13]. All non-HAART combination therapy regimens were classified as
combination therapy; reports of a single nucleoside reverse transcriptase inhibitor (NRTI),
protease inhibitor (PI), or non-nucleoside reverse transcriptase inhibitor (NNRTI) were
classified as monotherapy. ARV regimens were classified as no therapy, non-HAART ARV,
PI-based HAART, and non-PI-based HAART and treated as time-varying exposures with
ARV reported since the last visit at the visit of DM ascertainment used in analyses. CD4 cell
count categorized as <200, 200–<350, 350–<500, and ≥500 cells/mm3 and HIV RNA
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categorized as <400, 400–<10,000, and ≥10,000 copies/ml were included in analyses as
time-varying exposures using the value at the visit prior to ascertainment of DM.

Statistical Analyses
Person-years at risk for incident DM were calculated from the date of the index visit through
either the date of DM (for those with incident DM) or the date of the last study visit (for
those without incident DM). The crude incidence rates of DM for HIV-infected and HIV-
uninfected women were calculated by dividing the number of incident DM cases by the total
person-years at risk. Ninety-five percent confidence intervals (CI) for the crude incidence
rates were obtained by standard methods based on the Poisson distribution [14]. Relative
incidence rates and corresponding 95% CIs were obtained using Poisson Regression. Kappa
statistics (κ) were used to quantify the pairwise agreement in the three incident DM
definitions separately in HIV-infected and HIV-uninfected women. Multivariate pooled
logistic regression [15] was used to obtain odds ratios and 95% CIs to quantify the
association that HIV status and the other primary exposures had with incident DM.
Univariate odds ratios comparing HIV-infected women to HIV-uninfected women were very
similar in value to the corresponding univariate relative incidence rates. All analyses were
conducted using SAS version 9 (SAS Institute, Cary, NC).

RESULTS
The demographic and clinical characteristics at the index visit of the 1501 HIV-infected and
550 HIV-uninfected women included in analyses are shown in Table 1. More than 50% of
women were African-American. HIV-infected women were on average about five years
older, more likely to be in menopause, and had slightly lower BMI than HIV-uninfected
women. The prevalence of a family history of DM was similar in HIV-infected and HIV-
uninfected women. Smoking was reported in 47% of HIV-infected women and in 53% of
HIV-uninfected women. The majority of HIV-infected women reported using ARV and had
a CD4 count above 400cells/mm3.

Table 2 shows the number of incident DM cases, the total person-years at risk for DM, and
the crude incidence rate by HIV status for each of the three DM definitions. Relative to
HIV-uninfected women, incidence rates of DM were higher among HIV-infected women for
definitions I (2.44 per 100 person-years vs. 1.89 per 100 person-years; Relative Incidence
1.29, 95% CI: 0.88, 1.90) and III (1.70 per 100 person-years vs. 1.13 per 100 person-years;
Relative Incidence 1.50, 95% CI: 0.92, 2.44), and were significantly higher with the biggest
effect size when using definition II (1.55 per 100 person-years vs. 0.85 per 100 person-
years; Relative Incidence 1.83, 95% CI: 1.05, 3.19).

Ninety-seven percent of both HIV-infected (= [1383 classified as not having DM + 76
classified as having DM]/1501) and HIV-uninfected (= [517 + 15]/550) women were
classified the same way using all three definitions (Table 3). Among the HIV-infected
women, the greatest agreement was observed between definitions II and III (κ = 0.95, 95%
CI: 0.92, 0.99), followed by definitions I and III (κ = 0.81, 95% CI: 0.75, 0.87) and
definitions I and II (κ = 0.77, 95% CI: 0.70, 0.84). While the agreement in the three
definitions among the 550 HIV-uninfected women was lower than the agreement in
definitions among HIV-infected women, the pattern in the strength of pairwise agreement
was similar. Specifically, definitions II and III had the greatest agreement (κ = 0.85, 95%
CI: 0.73, 0.98), followed by definitions I and III (κ = 0.74, 95% CI: 0.61, 0.88) and
definitions I and II (κ = 0.61, 95% CI: 0.45, 0.77).

Table 4 shows the multivariate relationship between HIV status and incident DM after
adjusting for demographic and traditional DM risk factors. The inferences are similar to the
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unadjusted relative incidence rates, namely HIV-infected women had a 1.90 (95% CI: 1.04,
3.48) fold higher DM risk using definition II. When using either definition I or III, the
strength of the association between HIV infection and incident DM while positive was also
weaker than the association seen with definition II. Because A1C levels are thought to be
affected by mean corpuscular volume (MCV) and hemoglobin level, we further adjusted for
these factors in the analysis using definition III and found little change in the estimates (data
not shown). Among the traditional risk factors for DM, older age (≥45 vs. <35 years) was
associated with a 3.37, 2.75, and 2.93-fold higher DM risk for definitions I, II, and III,
respectively. We observed a consistently greater DM risk for each increase in BMI category
relative to those who were normal weight (BMI<25kg/m2). Morbid obesity (BMI≥40kg/m2)
was associated with a 3.76, 4.37, and 4.23-fold higher DM risk, respectively, followed by
2.60, 3.19, and 2.73-fold higher DM risk in those who were obese (BMI between 30 and
<40kg/m2). Family history of DM was also consistently associated with DM risk. The
association of HCV infection with increased DM risk only reached significance when using
definition I.

Compared to HIV-infected women who reported no ARV, we found that a PI-containing
HAART regimen was associated with a 2.17 (95% CI: 1.24, 3.82), 2.14 (95% CI: 1.06,
4.33), and 1.81 (95% CI: 0.92, 3.57)-fold higher DM risk using definition I, II, and III,
respectively. Similarly, reported use of a non-PI-containing HAART regimen was associated
with 2.06 (95% CI: 1.14, 3.71), 2.17 (95% CI: 1.05, 4.46), and 2.25 (95% CI: 1.14, 4.44)-
fold higher DM risk, respectively. CD4 and HIV RNA were consistently not significantly
associated with DM risk.

DISCUSSION
Using a large cohort of HIV-infected and uninfected women with similar risk behaviors, our
study is the first to examine how DM definition (and specifically the inclusion of A1C
criteria) impacts the association between HIV and DM risk after controlling for traditional
DM risk factors. We made several noteworthy observations. DM incidence for HIV-infected
and uninfected women was highest when confirmatory criterion for FG ≥126mg/dL in the
definition of DM was not required, and the association of HIV with DM incidence weakest
(1.2-fold higher compared to HIV-uninfected women). When confirmation of a single
elevated FG level was required, HIV-infected women had a nearly 2-fold higher DM risk.
When an elevated A1C level was included in the definition, we observed a smaller
difference between HIV-infected and uninfected women, namely a 1.4-fold higher risk
among HIV-infected women that changed little after further adjustment for MCV and
hemoglobin level. Regardless of the DM definition used, traditional DM risk factors (older
age, obesity, and family history of DM) were strongly associated with DM risk. Our findings
suggest that the inclusion of A1C as a criterion for DM diagnosis increases the accuracy of
the diagnosis and only slightly attenuates the magnitude of the association otherwise
observed between HIV and DM. By contrast, a DM diagnosis made without any
confirmatory criteria overestimates the incidence of DM, while also underestimating the
association of HIV with DM risk, and should be avoided.

Whether or not HIV infection is associated with increased DM risk has been conflicting in
published reports. One study reported a 4-fold higher DM risk in HIV-infected men on
HAART compared to HIV-uninfected men [4]. That study did not use confirmatory data to
define DM and did not control for risk factors such as family history of DM and HCV
infection [4]. Subsequent studies have not found a strong association between HIV and DM
risk. Among the large cohort studies that have used confirmatory criteria to define DM [7,
8], the Swiss Cohort Study (which defined DM by confirmation of elevated random or FG)
observed similar age- and sex-specific incidence rates of DM between HIV-infected patients
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and a population-based cohort of HIV-uninfected patients [7]. The Veteran’s Administration
Cohort Study (VACS) (which defined DM by confirmation of elevated random or FG or
ICD-9 codes, indicating a diagnosis of DM plus either the use of anti-DM medication or
elevated FG) found that HIV infection was associated with a 16% lower odds of prevalent
DM [8]. In our large study that controlled for a number of traditional risk factors for DM, we
found a consistent association between HIV infection and increased DM risk using all three
definitions of incident DM. The association was strongest when confirmation of an elevated
FG was required and weakest when an elevated FG was not confirmed.

While we found a greater DM incidence per 100 person-years in HIV-infected and
uninfected women when an elevated A1C criteria was added to definition II, our finding that
the association of HIV infection with DM risk was slightly attenuated when A1C criteria
was included was not unexpected. Several studies have suggested that A1C (which is
formed by the nonenzymatic attachment of glucose to hemoglobin over the life span of
erythrocytes) may not accurately reflect glycemic control in HIV-infected persons with DM
[16–19]. A study of WIHS women with DM found a slightly lower A1C value in those with
HIV compared to those without HIV, which was explained primarily by the higher MCV in
HIV-infected women [17]. That study postulated that the higher MCV may be a marker of a
greater proportion of younger erythrocytes that have had a shorter time to become glycated
because of greater red blood cell turnover. Similarly, anemia in the setting of hemolytic
disease has been associated with spuriously low A1C values [20]. By contrast, African-
Americans have been shown to have higher A1C values than Caucasians at similar glucose
concentrations [12]. We minimized these effects in our study by requiring that an elevated
A1C value be confirmed by a concurrent elevated FG or a report of anti-DM medication.
We observed little change in the inferences regarding the association of Caucasian race
(compared to African-Americans) with DM risk when A1C was included into the DM
criteria. Finally, we also further adjusted for MCV and anemia in our study and found little
change in the strength of the association between HIV and DM risk.

While we found that traditional risk factors such as older age, obesity, and family history of
DM were strongly associated with incident DM risk regardless of the definition used, the
association of HCV infection with DM was significant only when modeled using definition
I. The association of HCV infection with DM in the HIV setting has been questioned in
published reports. In the Swiss Cohort Study [7], HCV infection was associated with a 1.1-
fold higher risk of incident DM in HIV-infected patients that was not statistically significant.
The VACS study [8] found a 1.34-fold higher association of HCV infection with prevalent
DM; when stratified by HIV status, the association remained significant in the HIV-infected
group only. These findings as well as our own suggest an association of HCV with DM in
the setting of HIV that is modest relative to the associations of traditional risk factors such
as older age, obesity, and family history of DM.

When we examined the association of ARV with DM risk in HIV-infected women, we
found those reporting HAART (PI or non-PI based) had greater DM risk compared to those
reporting no ARV. These findings suggest that the effect of HAART on DM risk may be due
to a general restoration of health or possibly a result of ARV drug class effects (e.g. PI,
NNRTI, and/or nucleoside analogs. Prior studies in our cohort and others suggest an
association of nucleoside analogs with incident DM [5] and insulin resistance [21–23].
Future investigation of the association of HIV infection with DM risk in the more recent
HAART era (where thymidine analogs such as stavudine that have been associated with
insulin resistance [21] and hyperinsulinemia [22]) are less frequently used) may be an
important first step in determining whether the association of HIV infection with DM risk
has been ameliorated.
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The strengths of our study include the examination of incident DM using definitions
consistent with prior and current ADA guidelines in a large cohort of HIV-infected and
uninfected women with similar risk behaviors who underwent the same data collection
procedures. One limitation of our study was that we were not able to discern whether anti-
DM medications were taken to treat DM or for other reasons, such as to treat pre-DM or fat
distribution changes associated with HIV. Furthermore, besides macrocytosis and anemia,
there are a number of other factors, such as acute blood loss and chronic alcoholism that
may impact A1C values, which we were not able to adjust for. Future studies should
investigate other markers of glycemic control (e.g., fructosamine) not related to RBC
survival. Finally, as with all observational studies, our findings are subject to possible
unmeasured confounding.

We conclude that HIV infection is consistently associated with an increased risk of DM
when examined using three definitions of incident DM. The association was strongest when
confirmatory criteria for an elevated FG were required to define incident DM. Regardless of
the DM definition used, traditional risk factors including older age, obesity, and family
history of DM were strongly associated with incident DM risk. The inclusion of an elevated
A1C level as a criterion for the diagnosis of DM can be used in the HIV setting. It increases
the accuracy of the DM diagnosis and only slightly attenuates the association of HIV
infection with DM risk. Future studies should examine how baseline A1C and/or baseline
FG predicts DM (using a definition that includes confirmatory criteria for both FG≥126 mg/
dL and A1C ≥6.5%) in the HIV setting.
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Summary

HIV infection is consistently associated with greater risk of DM. Inclusion of an elevated
A1C to define DM can be used in the HIV setting. It may slightly underestimate the
effects of HIV on DM risk.
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Figure 1.
First visit after index visit at which any of the following occur:
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Table 1

Characteristics at the index visita

Characteristic HIV-infected (N=1501) HIV-uninfected (N=550)

Age, years [Median (IQR)] 39 (33 – 45) 35 (27 – 42)

Race [No. (%)]

 African American 839 (56%) 318 (58%)

 Hispanic 425 (28%) 152 (28%)

 Caucasianb 237 (16%) 80 (15%)

Menopausalc [No. (%)] 254 (17%) 50 (9%)

Body Mass Indexc, kg/m2 [Median (IQR)] 27 (23 – 31) 28 (24 – 33)

Waist sizec, cm[Median (IQR)] 87 (79 – 98) 86 (77 – 99)

Hip sizec, cm [Median (IQR)] 99 (91 – 108) 102 (94 – 112)

Family history of diabetesc [No. (%)] 437 (30%) 141 (27%)

Current smoker [No. (%)] 708 (47%) 289 (53%)

Hepatitis C Virus RNA positivec [No. (%)] 338 (23%) 68 (13%)

Clinical AIDS [No. (%)] 503 (34%) NA

log10(HIV RNA)c, copies/ml [Median (IQR)] 2.89 (1.90 – 4.04) NA

CD4 countc, cells/mm3 [Median (IQR)] 429 (266 – 622) 967 (753, 1212)

nadir CD4 countc, cells/mm3 [Median (IQR)] 256 (128 – 389) 801 (632, 1044)

Antiretroviral therapy naïve [No. (%)] 239 (16%) NA

IQR, inter-quartile range; NA, not applicable

a
If data were missing at index visit then data from visit closest to and prior to index visit (up to two visits prior to index visit) were used.

b
Includes 3.3% (n=50) and 4.5% (n=25) Asian, Pacific Islander, Native American, Alaskan, other among HIV-infected and HIV-uninfected

women, respectively

c
Body Mass Index was missing on six HIV-infected and 2 HIV-uninfected women; Waist size was missing on 161 HIV-infected and 48 HIV-

uninfected women; Hip size was missing on 162 HIV-infected and 49 HIV-uninfected women; Menopause status was missing on 3 HIV-infected
women; Hepatitis C Virus RNA was missing on 32 HIV-infected and 13 HIV-uninfected women; Family history of diabetes was missing on 45
HIV-infected and 19 HIV-uninfected women; current HIV RNA was missing on 3 HIV-infected; current CD4 cell count was missing on 6 HIV-
infected and 21 HIV-uninfected women; Nadir CD4 cell count was missing on 2 HIV-infected and 3 HIV-uninfected women
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Table 2

Incidence Rates of Diabetes Mellitus for 1501 HIV-infected and 550 HIV-uninfected women

No. (%) Incident DM cases No. Person-Years Crude Incidence Ratea (95% Confidence Interval)

Definition I

 HIV-infected 118 (7.9%) 4836 2.44 (2.04, 2.92)

 HIV-uninfected 33 (6.0%) 1745 1.89 (1.34, 2.67)

Definition II

 HIV-infected 76 (5.1%) 4905 1.55 (1.24, 1.94)

 HIV-uninfected 15 (2.7%) 1774 0.85 (0.51, 1.40)

Definition III

 HIV-infected 83 (5.5%) 4886 1.70 (1.37, 2.11)

 HIV-uninfected 20 (3.6%) 1765 1.13 (0.73, 1.76)

a
per 100 person-years

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2013 November 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Tien et al. Page 13

Table 3

Agreement in three definitions of incident diabetes mellitus

1501 HIV-infected women

Number of Times Positive Definition I Definition II Definition III % (n)

0 No No No 92.1% (1383)

1

Yes No No 2.3% (35)

No Yes No 0.0% (0)

No No Yes 0.0% (0)

2

Yes Yes No 0.0% (0)

Yes No Yes 0.5% (7)

No Yes Yes 0.0% (0)

3 Yes Yes Yes 5.1% (76)

Total 7.9% (118) 5.1% (76) 5.5% (83)

550 HIV-uninfected women

Number of Times Positive Definition I Definition II Definition III % (n)

0 No No No 94.0% (517)

1

Yes No No 2.4% (13)

No Yes No 0.0% (0)

No No Yes 0.0% (0)

2

Yes Yes No 0.0% (0)

Yes No Yes 0.9% (5)

No Yes Yes 0.0% (0)

3 Yes Yes Yes 2.7% (15)

Total 6.0% (33) 2.7% (15) 3.6% (20)
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Table 4

Multivariate Analysis of Factors Associated with Diabetes Mellitus Risk

Definition I Definition II Definition III

Characteristic Odds Ratioa (95% CI) Odds Ratiob (95% CI) Odds Ratioc (95% CI)

HIV Status

 Uninfected 1 (reference) 1 (reference) 1 (reference)

 Infected 1.23 (0.81, 1.87) 1.90 (1.04, 3.48) 1.38 (0.81, 2.35)

Age, years

 <35 1 (reference) 1 (reference) 1 (reference)

 35 – <40 1.90 (1.04, 3.46) 1.79 (0.86, 3.72) 1.74 (0.85, 3.56)

 40 – <45 1.73 (0.94, 3.18) 1.57 (0.74, 3.34) 1.69 (0.82, 3.49)

 ≥45 3.37 (1.86, 6.10) 2.75 (1.30, 5.78) 2.93 (1.44, 5.97)

Race

 African American 1 (reference) 1 (reference) 1 (reference)

 Hispanic 1.28 (0.86, 1.90) 0.98 (0.57, 1.67) 1.23 (0.75, 2.01)

 Caucasian 1.29 (0.79, 2.09) 1.54 (0.86, 2.76) 1.70 (0.98, 2.96)

Menopause

 No 1 (reference) 1 (reference) 1 (reference)

 Yes 0.96 (0.62, 1.48) 1.11 (0.63, 1.94) 1.25 (0.74, 2.12)

Body Mass Index, kg/m2

 <25 1 (reference) 1 (reference) 1 (reference)

 25 – <30 1.44 (0.89, 2.33) 1.36 (0.71, 2.61) 1.15 (0.62, 2.12)

 30 – <40 2.60 (1.65, 4.10) 3.19 (1.77, 5.76) 2.73 (1.57, 4.72)

 ≥40 3.76 (2.09, 6.78) 4.37 (2.08, 9.19) 4.23 (2.13, 8.41)

Family History of Diabetes

 No 1 (reference) 1 (reference) 1 (reference)

 Yes 1.48 (1.05, 2.10) 1.69 (1.09, 2.61) 1.86 (1.23, 2.81)

Currently Smoke Cigarettes

 No 1 (reference) 1 (reference) 1 (reference)

 Yes 1.17 (0.82, 1.67) 0.86 (0.55, 1.36) 0.83 (0.53, 1.28)

HCV-infected

 No 1 (reference) 1 (reference) 1 (reference)

 Yes 1.54 (1.03, 2.30) 1.36 (0.80, 2.30) 1.41 (0.86, 2.32)

a
The 2051 women contributed a total of 12,225 visits after the index visit for the analysis of Definition I. Due to missing data 11,335 (93%) of

these 12,225 visits were included in the analysis. Data were missing at the visit of incident diabetes mellitus in 12 (8%) of the 151 events.

b
The 2051 women contributed a total of 12,413 visits after the index visit for the analysis of Definition II. Due to missing data 11,506 (93%) of

these 12,413 visits were included in the analysis. Data were missing at the visit of incident diabetes mellitus in 6 (7%) of the 91 events.

c
The 2051 women contributed a total of 12,362 visits after the index visit for the analysis of Definition III. Due to missing data 11,457 (93%) of

these 12,362 visits were included in the analysis. Data were missing at the visit of incident diabetes mellitus in 9 (9%) of the 103 events.
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