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Abstract

Background: HIV infection is associated with increased levels of inflammatory markers.
Inflammation is hypothesized to play a role in the development of type 2 diabetes. Data addressing
this issue among HIV positive participants are limited.

Methods: A cohort of 3,695 participants without diabetes, taking antiretroviral therapy and with
an average CD4+ count 523 cells/mm?3 were followed for an average of 4.6 years. Diabetes risk
associated with baseline levels of high sensitivity C-reactive protein (hsCRP) and interleukin-6
(IL-6) was assessed using Cox proportional hazards regression models. Analyses considered
baseline levels of factors associated with diabetes risk and HIV-related measures.

Results: 137 patients developed diabetes requiring drug treatment during follow-up (8.18 per
1,000 person years). Median levels of IL-6 and hsCRP were significantly higher among those who
developed diabetes compared to those who did not: 3.45 versus 2.50 pg/ml for IL-6 and 4.91
versus 3.29 pg/ml for hsCRP (P<.001). Adjusted hazard ratios (HRs) associated with a doubling of
IL-6 and hsCRP were 1.29 (95% CI: 1.08-1.55; P=0.005) and 1.22 (95% ClI: 1.10-1.36; P<0.001),
respectively. Body mass index (P<0.001), age (P=0.013), co-infection with hepatitis B or C
(P=0.03), non-smoking status (P=0.034), and use of lipid-lowering treatment (P=0.008) were also
associated with an increased risk of diabetes.

Conclusions—These findings indicate that low-grade systemic inflammation is an underlying
factor in the pathogenesis of diabetes.

Introduction

A growing body of evidence suggests that as compared to individuals without HIV those
with HIV are at greater risk of metabolic complications, including diabetes (1). Reasons for
this increased risk are unclear, but may include some antiretroviral treatments (ART)
(2):(3)'(4), hepatitis co-infection (5):(6), and chronic inflammation (7):(8). Untreated HIV is
associated with higher levels of inflammatory markers, and initiation of ART results in a
decline, but, on average, does not normalize inflammatory markers (9)(10). Insulin
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resistance, which is associated with the development of diabetes, was one of the first
metabolic complications associated with HIV and HIV treatments (11).

It has been hypothesized that diabetes is a manifestation of an ongoing acute phase
inflammatory response, and in the general population, several studies indicate that higher
levels of interleukin-6 (IL-6) and high-sensitivity C-reactive protein (hsCRP) are associated
with the development of diabetes (8, 12-17). However a recent meta-analysis and an analysis
of 12 inflammatory biomarkers in the Framingham Heart Study indicate that associations are
diminished after adjustment for other type 2 diabetes risk factors (18)(19). Cross-sectional
studies have also reported associations between CRP and insulin resistance in individuals
without diabetes (20). Moreover, it has been shown that in healthy volunteers administration
of subcutaneous recombinant human IL-6 induces dose dependent increases in fasting
glucose (21). It has been postulated that type 2 diabetes may represent a disease of the innate
immune system (22).

With the exception of a small case-control study, the relationship of inflammatory markers
with risk of diabetes among HIV positive patients taking ART has not been assessed (23).
Further research on this was motivated by the observation that levels of inflammatory
markers are considerably higher for HIV-positive individuals, even those on suppressive
ART, compared to HIV-negative age-matched men and women (9). If chronic inflammation
is an important predictor of diabetes for HIV patients, this could explain, at least in part,
their greater risk of diabetes compared to those without HIV. Data from the control arms of
two large, international HIV trials are used to estimate the incidence of diabetes and study
the association of IL-6 and hsCRP with risk of diabetes. Our hypothesis was that among
patients prescribed combination ART aimed at virologic suppression higher levels of each
inflammatory biomarker would be associated with an increased risk of diabetes.

Study Population

Data from the Strategies for Management of Anti Retroviral Therapy (SMART) and the
Evaluation of Subcutaneous Proleukin® in a Randomized Trial (ESPRIT) were used(24)
(25). Briefly, in SMART 5,472 HIV-positive adults with CD4+ cell count greater than 350
cells/mm?3 were randomized by sites in 33 countries to receive uninterrupted ART with the
goal of viral suppression (control group) or episodic ART guided by the CD4+ count. The
SMART study was stopped early because of a safety risk in the episodic therapy arm (25).
In ESPRIT, 4,111 HIV-positive adults with CD4+ cell counts greater than or equal to 300
cells/mm?3 were randomized by sites in 25 countries to receive continuous ART alone
(control group) or continuous ART in combination with subcutaneous interleukin-2.
ESPRIT failed to demonstrate a clinical benefit of interleukin-2 (24).

Since continuous ART represents the current standard of care for people with HIV, this
investigation is restricted to patients in the control groups of these two studies who did not
have a diagnosis of diabetes at study entry and who consented to storing plasma for the
biomarker measurements.
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In SMART, patients could be enrolled while on or off ART. Those not on ART were to
receive combination ART aimed at virologic suppression if they were assigned to the control

group.

Inflammatory Biomarkers

The biomarkers, hsCRP and IL-6, were centrally measured on stored plasma collected at
baseline (prior to randomization) for all patients who provided written consent. These two
biomarkers were prospectively chosen, initially for studying their association for all-cause
mortality and cardiovascular disease (CVD)(26) (27). In those investigations, both markers
were associated with an increased risk of mortality and CVD. They were chosen for those
investigations because they have high laboratory and biological reproducibility and have
been associated with all-cause mortality and CVD in the general population (28)(29)(30) .

The institutional review board at the University of Minnesota approved plans for the
analysis of stored specimens. For SMART participants, biomarkers were measured at the
Laboratory for Clinical Biochemistry Research at the University of Vermont (Burlington).
In the ESPRIT trial, laboratory measurements were performed by SAIC-Frederick
(Frederick, MD). IL-6 was measured by the same method at each laboratory
(Chemiluminescent Sandwich ELISA, R&D Systems). hsCRP was measured by ELISA by
both laboratories. For SMART participants, a NBTMII nephelometer, N Antiserum to
Human CRP (Siemens Diagnostics) was used. For ESPRIT participants, an R&D Systems
ELISA assay was used. The hsCRP assays, while different, compared very well on duplicate
samples. The lower limit of detection for IL-6 was 0.16 pg/ml, for CRP, the lower limit was
0.16 pg/mL for SMART and 0.078 pg/mL for ESPRIT participants. All samples were
analyzed blinded to clinical information about the patients.

The year-to-year consistency of IL-6, but not hsCRP, was assessed in a random sample of
235 patients in the control arm of ESPRIT. IL-6 was measured at baseline, year 1 and year
3. The reliability coefficient (ratio of between subject variability to total variability) of log
IL-6 was 0.39. This is similar to that reported in a systematic overview of 1L-6 and risk of
coronary heart disease (0.41)(31). The short-term reliability of hsCRP was estimated using
324 patients in the control arm of SMART who were seen at baseline and 6 months. It was
0.78. Based on a systematic review of CRP and coronary heart disease, the reliability
coefficient for log CRP considering year to year variability was 0.58(32).

Follow-up and Diabetes Determination

In SMART, follow-up visits were scheduled at 1 month and 2 months, every 2 months
thereafter in the first year, and every four months in the second and subsequent years. In
ESPRIT, follow-up visits were scheduled every 4 months following randomization.

In both SMART and ESPRIT, dates of diabetes diagnosis and use of drugs for diabetes were
recorded. A patient was considered to have developed diabetes if they received a diagnosis
of diabetes requiring drug treatment during follow-up. Diabetes was ascertained in the
SMART study at baseline and reported during follow-up as soon as the diagnosis was made.
The date of diagnosis, the drug prescribed and plasma glucose laboratory value were
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collected. In the ESPRIT study, treatment for diabetes, including date of treatment initiation,
were reported annually.

Fasting glucose measurements were not obtained in ESPRIT. In SMART, fasting glucose
measurements were only obtained for 111 participants who also enrolled in a substudy on
body composition.

Statistical Analysis

Crude incidence rates of diabetes, defined as a diagnosis of diabetes requiring drug
treatment, are reported as rates per 1000 person years. Kaplan-Meier estimates of the
cumulative probability of developing diabetes are also cited, both overall and by levels of
the biomarkers. For patients with biomarker levels below the level of detection (4 patients
for IL-6 and 33 patients for hsCRP), the value of the biomarker was imputed as the lower
level of detection. Baseline measurements of hsCRP and IL-6 were used to predict the
development of type 2 diabetes after adjusting for other risk factors for type 2 diabetes
which were measured in the two studies. In both studies, age, race, body mass index (BMI),
blood pressure-lowering drugs, lipid-lowering drugs, co-infection with hepatitis, prior
history of cardiovascular disease (CVD), type of ART, CD4+ count and HIV RNA level
were collected at baseline. Patients in SMART also had information available on cigarette
smoking, HDL cholesterol, LDL cholesterol and triglycerides at baseline.

Cox regression models, with stratification by study (SMART and ESPRIT), were used to
estimate hazard ratios (HRs) and 95% confidence intervals (Cls) associated with higher
biomarker levels. In addition to models that categorized the biomarkers into quartiles with
lowest quartile as reference, models with log, transformed biomarker levels were
considered. A log transformation was used because the markers were skewed to the right.
With a log, transformation, exponentiation of the parameter estimate from the Cox
regression gives the increased risk of diabetes associated with a doubling of the biomarker
level. Patients were censored by death and last annual visit attended. We checked the
proportional hazards assumption for each of the biomarkers.

The association of incident diabetes with each biomarker was first studied in a model with
no covariates and then in 3 regression models with the following baseline covariates (1) age,
race, sex, co-infection with hepatitis C or B, CD4+ count and HIV RNA level; (1) age, race,
sex, co-infection with hepatitis C or B, CD4+ count, HIVV RNA level, body mass index
(BMI), use of lipid-lowering drugs, use of blood pressure —lowering drugs, use of ART, and
if taking ART, use of a stavudine (d4T) - containing ART regimen, use of a zidovudine
(ZDV), but not d4T — containing ART regimen, and use of an ART regimen that did not
contain d4T or ZDV; (1) all of the aforementioned covariates plus cigarette smoking status,
total cholesterol, LDL, HDL, and triglycerides (SMART only). Model | considers
demographic and HIV factors; model 11 adds variables significant in univariate analyses and
which have been associated with risk of diabetes in other studies; and model 111 considers
other potential confounding factors that were only measured in SMART.

Subgroup analyses for baseline variables that were significant predictors of diabetes were
carried out to assess whether the association of each biomarker with diabetes was consistent
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across the subgroups. For these analyses, p-values corresponding to the interaction between
each biomarker and the subgrouping variable are cited.

Statistical analyses were performed using SAS software (version 9.2; SAS Institute). P
values are 2-sided and 95% confidence intervals (Cls) are cited.

Characteristics of Study Cohort

Among the 4,792 patients in the control arms of SMART and ESPRIT 240 (5%) reported
taking drugs for diabetes at entry. IL-6 and hsCRP were available for 214 of those taking
drugs for diabetes at entry and median (IQR) levels were 2.44 (1.62, 4.10) and 2.63 (1.14,
5.78), respectively.

Among those not taking drug treatment for diabetes at entry (n=4,552), 3,965 (87%) had
IL-6 and hsCRP measurements and attended at least one annual follow-up visit (1,719 in
ESPRIT and 2,246 in SMART). These 3,965 patients, who had an average CD4+ count of
523 cells/mm3, were considered to be at risk for developing diabetes during follow-up and
are the subject of this report. Using fasting glucose measurements made on a sample of
SMART patients, we were able to assess the extent to which the cohort was free of diabetes.
Among the 2,246 patients in SMART, 111 had fasting glucose measurements at entry. None
of these 111 patients had levels of 126 mg/dl or higher; 22 (19.8%) had levels between 100
and 125 mg/dl; and 89 (80.1%) had fasting glucose levels < 100 mg/dL. We also assessed
the correlation of each biomarker with fasting glucose. Correlations with IL-6 and hsCRP
were 0.24 (p=0.01) and 0.17 (p=0.07), respectively.

Attendance at annual visits ranged from 89.5% to 97.7% for these 3,965 patients. The
numbers of patients who missed 2, 3 and 4 or more annual visits were 72, 29 and 26
respectively.

Over an average follow-up of 4.6 years (2.9 years in SMART and 6.8 years in ESPRIT), 137
(68; 3.0 % in SMART and 69; 4.0% in ESPRIT) of the 3,965 patients in the cohort
developed diabetes (3.5%, 8.18 per 1000 person years). Cumulative percents developing
diabetes after 2, 4 and 6 years were 1.4, 3.5 and 4.8%

For this cohort on continuous ART, the percent with an HIVV RNA level of 500 copies/mL or
lower and average CD4+ cell count did not change appreciably during follow-up. At 12, 24,
36 and 48 months, percents with HIVV RNA of 500 copies/mL or lower were 81.9%, 81.2%,
80.8%, and 82.6%. Average levels of CD4+ cell count at these visits were 610, 604, 592,
and 593 cells/mm3.

Table 1 summarizes baseline characteristics for patients who developed diabetes (i.e.
initiated drug treatment for diabetes) with those who did not. In contrast to those who did
not develop diabetes, incident cases were more likely to be non-white, be older in age, be
non-smokers, have higher CD4+ cell count, BMI, and triglycerides, and were more likely to
be taking lipid lowering and blood pressure lowering drugs at baseline. Those who
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developed diabetes on ART were less likely to have a viral load of 500 copies/mL or less
(Table 1).

Median baseline levels of both IL-6 and hsCRP were significantly higher among those who
developed diabetes: 3.45 versus 2.50 pg/ml for IL-6 and 4.91 versus 3.29 pg/ml for hsCRP
(P<.001 for each marker) (Figure 1). In the sample of 111 patients from SMART with
fasting glucose measurements, IL-6 and hsCRP were positively correlated with fasting
glucose: rank correlation 0.24 for IL-6 (p=0.01) and 0.17 for hsCRP (p=0.07). Median levels
of the two biomarkers for those with fasting glucose 100-125 (n=22) versus < 100 mg/d|
(n=89) were 2.35 versus 1.74 pg/ml for IL-6 (p=0.01) and 2.12 versus 2.55 pg/ml for hsCRP
(p=0.40).

Baseline levels of IL-6 and hsCRP and the development of diabetes requiring drug

treatment

Table 2 and Figures 2 and 3 summarize the association of IL-6 and hsCRP with the
development of diabetes. In crude (unadjusted) analyses, both biomarkers were associated
with an increased risk of developing diabetes (HR associated with a doubling of IL-6 and
hsCRP were 1.47; 95% CI 1.26-1.70 and 1.32; 95% CI 1.20 -1.45, respectively). Those in
the highest quartile of baseline plasma hsCRP had rates more than 5 times greater than those
in the lowest quartile (HR=5.13; 95% CI 2.60-10.1); for those in the highest quartile of IL-6
rates were more than 3 times greater than those in the lowest quartile (HR 3.45; 95% ClI
1.91-6.23). Figures 2 and 3 give the cumulative percent developing diabetes by quartile of
each biomarker. There is a clear separation in risk of diabetes for the upper two versus lower
2 quartiles.

Covariate adjustment diminished the associations but they remained significant. For the
three models considered, HRs associated with a doubling of biomarkers for IL-6 ranged
from 1.29 to 1.36; for hsCRP the HRs ranged from 1.22 to 1.28. The lower HRs in models 2
and 3 were due primarily to the adjustment for BMI. Supplemental Table 1 gives unadjusted
and adjusted HRs for each of the covariates considered in Model 3. A 1 kg/m2 higher BMI
was associated with a 10% increased risk of diabetes (<0.001). Other significant predictors
of diabetes in the multivariable model were older age (p=0.013), hepatitis B or C infection
(p=0.032), use of lipid lowering therapy (p=0.008), and non-smoking status (p=0.03).
Consistent with other studies (33), d4T and ZDV were associated with an increased risk of
diabetes, but these associations did not achieve statistical significance.

We investigated the higher risk of diabetes with non-smoking status further by dividing the
non-smokers into two groups, former smokers (n=561) and never smokers (n=762). The
unadjusted HRs for diabetes for smokers versus former smokers and for smokers versus
never smokers were 0.51 (95% CI: 0.28 to 0.93) and 0.56 (95% CI: 0.31 to 1.01). With
adjustment for the covariates in supplemental Table 1 plus hsCRP and IL-6, HRs for former
versus current smokers and for never versus current smokers were reduced to 0.63 (95% CI:
0.33t0 1.19) and 0.53 (95% CI: 0.27 to 1.00), respectively.

For comparison with a recent meta-analysis (18), we also considered the risk of diabetes
associated with 1 natural log higher levels of 1L-6 and hsCRP. With the Model Il covariates,
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these HRs for IL-6 and hsCRP were 1.45 (95% Cl: 1.12 to 1.88) and 1.34 (95% ClI: 1.15 to
1.56), respectively.

To assess whether the risk of diabetes associated with elevated IL-6 and hsCRP was similar
in baseline defined subgroups, we carried out additional analyses. These subgroup analyses
showed no interaction between the diabetes risk factors considered and the biomarkers
except for race and hsCRP (Supplemental Tables 2 and 3). A higher level of hsCRP was
associated with significantly higher risk of developing diabetes for whites and other races,
but there was no association in blacks (P=0.009 for interaction).

The test for proportional hazard ratio assumption showed no evidence that the assumption
was violated for hsCRP (P-value=0.34). For IL-6 there was evidence that the proportional
hazards assumption may not hold (P-value=0.03). The association between 1L-6 and incident
diabetes was stronger early in the follow-up period compared to later (see Supplemental
Tables 4 and 5). In the multivariable analysis (Model 2), a doubling of IL-6 was associated
with a HR of 1.45 (95% CI: 1.18-1.79; P<0.001) in the first 3 years of follow-up when 87 of
the 137 diabetes events occurred, and a HR of 1.01 (95% ClI: 0.72-1.42 P=0.94) after 3 years
of follow-up.

Discussion

In this cohort study of HIV positive patients, higher baseline levels of 1L-6, and hsCRP were
significantly associated with the risk of developing diabetes over an average of 4.6 years of
follow-up. These associations were independent of BMI, age and other established diabetes
risk factors.

Our findings are similar to a recent systematic review of studies in the general population
(19). That review included 10 cohort studies with a total of 19,709 participants and 4,480
cases of diabetes for IL-6, and 22 cohort studies with a total of 40,735 participants and 5,753
cases of diabetes for hsCRP. In that review, relative risks associated with a 1 natural log
higher 1L-6 and hsCRP level were 1.31 (95% CI: 1.17-1.46) and 1.26 (95% CI 1.16-1.37),
respectively. Several of the studies in this overview adjusted for measures of glycemia. With
adjustment for measures of glycemia, the associations of IL-6 and hSCRP with diabetes
were attenuated but remained significant. For the subgroup of studies in this systematic
review that did not adjust for measures of glycemia (as in this investigation), the relative risk
estimates associated with a 1 natural log higher IL-6 and hsCRP were 1.46 (95% CI:
1.25-1.71) and 1.33 (95% CI: 1.10-1.62). These latter estimates are very similar to HRs for
IL-6 and hsCRP in this HIV cohort: 1.45 and 1.34 for IL-6 and hsCRP, respectively.

We cannot establish in our study whether inflammation increased levels of glycemia or vice
versa. The baseline cross-sectional correlations we observed between IL-6 and hsCRP with
fasting glucose in the small sample of SMART patients with these biomarkers (0.24 and
0.17) are similar to those reported in other studies (34) (20) (35). The findings from the
aforementioned systematic review (19), suggest that these inflammatory markers provide
independent information for predicting the development of diabetes. Experimental studies
aimed at reducing inflammation are needed to establish a causal relationship.
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The study of the systemic inflammation and diabetes among HIV positive patients is limited
to a single case-control study (23). Brown et al. examined the association of hsCRP, IL-6
and soluble receptors of tumor necrosis factor-a (STNFR1 and sSTNFR2) measured 48 weeks
after ART initiation with subsequent development of diabetes among HIV positive patients.
They carried out a nested case-control study that included 55 patients who developed
diabetes a median of 1.9 years after the 48 week blood measurements and 55 control patients
matched on BMI at ART initiation, age and race. Higher levels of each of the inflammatory
markers were associated with an increased risk of diabetes and associations were significant
for hsCRP, STNFR1, and STNFR2 (23).

In the Atherosclerosis Risk in Communities Study a significant association between a score
based on several inflammatory markers and diabetes was found for nonsmokers but not
smokers (36). Therefore we considered the possibility of interaction with smoking in our
investigation. We did not observe an interaction between smoking and hsCRP (P=0.91) or
IL-6 (P=0.48). We did find a significant interaction between race and hsCRP levels. hsCRP
was significantly associated with diabetes in whites and other race groups but not in blacks.
An interaction with race was not found in the MESA study (37). There was no evidence that
the association of IL-6 and hsCRP with diabetes varied by age, gender, BMI, use of lipid
lowering drug or use of blood pressure lowering drug. Associations were also similar in the
SMART and ESPRIT studies.

The association between higher levels of IL-6, but not hsCRP, was reduced with longer
follow-up. Weaker associations of diabetes with IL-6 compared to hsCRP were also
observed in the Women’s Health and Nurses’ Health Study (10)(13). This finding could be a
chance finding or could be due to some patients at study entry having levels of blood
glucose indicative of diabetes or pre-diabetes that led to raised levels of IL-6. While
inclusion of a large percent of patients with baseline fasting glucose levels of 126 mg/dl or
higher in this cohort seems unlikely given the results from the sample of patients from
SMART who had fasting glucose measurements, about 20% did have pre-diabetes levels
(100-125 mg/dl). Similarly, in the study by Brown et al. fasting glucose levels at study entry
were significantly higher for patients who later developed diabetes compared to controls
(23). As in the previously mentioned overview (19), if it had been possible in our
investigation to adjust for measures of glycemia at entry in our analyses, the strength of the
associations of IL-6 and hsCRP with diabetes incidence would likely have been attenuated.

Consistent with a recent review of risk prediction models for type 2 diabetes that found age,
BMI and race to be among the most common predictors reported for type 2 diabetes (38),
these were also important predictors in our analyses. In the HIV population, these are also
important predictors (3). Inconsistent with a recent overview of studies in the general
population which found that smoking was associated with a 44% increased risk of diabetes
(39), we found that smoking was associated with a reduced risk of diabetes. This was also
observed in the D:A:D and Swiss Cohort studies (not significant in the latter) (3)(38).
Smoking cessation has been associated with an increased risk of diabetes (40), and this may
explain this finding, in part, although we did HRs for former and never smokers versus
smokers were similar in our investigation.
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The strengths of our study include the large sample size, the standardized biomarker
measurements and the long follow-up. Patients in these trials had frequent contact with
medical providers, thereby reducing the likelihood that diabetes would not be diagnosed if it
developed during the follow-up period. Several limitations should be considered, however.
First of all, measures of glycemia used to define diabetes were not available at baseline and
during follow-up except for a small sample of participants. Thus, we have likely
underestimated the incidence of diabetes and also the strength of the association between the
inflammatory markers and diabetes since those with diabetes defined by glucose
measurements only are included in the no diabetes group. Also, we could not consider
covariate adjustment for baseline fasting glucose. Second, the inflammatory biomarkers
were only measured once. This also results in an underestimation of risk due to
measurement error and the variability in these markers over time (41). Third, some
important baseline covariates were not available for ESPRIT study therefore limiting our
ability to adjust for smoking and lipoprotein levels in all participants. Nevertheless, when
analyses were restricted to patients in SMART and these factors were included in the
multivariate analysis (Model 3), HRs were not strongly affected. Fourth, while BMI was
available, information was not available for measures of adiposity such as waist
circumference in either SMART or ESPRIT. Information on family history of diabetes was
also not available.

As for individuals in the general population (42), diabetes is a strong risk factor for CVD
among HIV positive patients (33). Thus, our findings have important clinical and public
health implications. First, elevated hsCRP and IL-6 levels in HIV patients even on
suppressive ART are likely to lead to increased numbers with diabetes as the HIV
population ages unless preventive measures are increased. Second, these data may offer
some clues as to why HIV-positive individuals appear to have an increased risk of CVD and
other serious non-AIDS diseases. Inflammation may be a common factor leading to
increased risk of diabetes and serious non-AIDS conditions.

Conclusion

In conclusion, we found that elevated plasma levels of hsCRP and IL-6 were associated with
diabetes among HIV-positive patients taking ART. Our findings support the hypothesis that
low-grade systemic inflammation is an underlying factor in the pathogenesis of type 2
diabetes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Boxplots of IL-6 and hsCRP according to the development of diabetes during follow-up.

Percentiles of the IL-6 distribution for those with diabetes are: 10th percentile=1.14, 25th
percentile=1.70, median = 2.35, 75th percentile=3.90, 90th percentile=6.30. For those
without diabetes, the percentiles are: 10th percentile=0.80, 25th percentile=1.14, median =
1.80, 75th percentile=2.80, 90th percentile=4.46. Percentiles of the hsCRP distribution for
those with diabetes are: 10th percentile=0.84, 25th percentile=1.63, median = 2.86, 75th
percentile=5.12, 90th percentile=11.80. For those without diabetes, the percentiles are: 10th
percentile=0.31, 25th percentile=0.67, median = 1.52, 75th percentile=3.52, 90th
percentile=7.35.
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Figure 2.
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Incidence of diabetes for each IL—6 quartiles

—_— 3 ——

Cumulative Percent Developing Diabetes by Quartile of IL-6. The number at risk in
Quartiles 1, 2, 3 and 4 was 989, 1023, 962 and 991, respectively at baseline, 746, 841, 812
and 822 at year 2, 395, 570, 564 and 464 at year 4 and 194, 302, 282 and 211 at year 6. The
p-value corresponding to a logrank test with 3 degrees of freedom that compares the
incidence of diabetes by quartile is <0.001.
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Figure 3.
Cumulative Percent Developing Diabetes by Quartile of hsCRP. The number at risk in

Quartiles 1, 2, 3 and 4 was 995, 987, 993, 990, respectively at baseline, 801, 822, 807 and
791 at year 2, 511, 522, 519 and 441 at year 4 and 268, 284, 246 and 191 at year 6. The p-
value corresponding to a logrank test with 3 degrees of freedom that compares the incidence
of diabetes by quartile is <0.001.
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Baseline characteristics for participants in the control arms of ESPRIT and SMART according to the
development of diabetes during follow-up

Table 1

Incident diabetes

Study
ESPRIT
SMART
Age (years + SD)
Gender (% female)
Race (%)
White
Nonwhite
Lipid Lowering drug (% )
Blood pressure lowering drug (%)
Co-infected with hepatitis B or C (%0)
Prior MI, stroke or CAD requiring surgery (%)
Mean BMI (kg/m? = SD)
Mean D-Dimer (ug/ml + SD)
HIV RNA < 500 (%)
Baseline ART Regimen
No ART (%)
Stavudine containing regimen (%)

Zidovudine containing regimen, no
Stavudine (%)

Other ART, no Zidovudine or Stavudine (%)
Mean CD4 count ( per mm3 £ SD)

Smoking (%)T

Mean HDL cholesterol (mg/dL + SD)Jr
Mean LDL cholesterol (mg/dL + SD)Jr
Mean Total cholesterol (mg/dL + SD)T

Mean Triglycerides (mg/dL + SD)Jr

Total
(n=3965)

433
56.7
42.7+9.4
22.9

66.4
33.6
12.8
11.0
16.4
2.2
25.0+4.9
0.35+0.51
76.4

9.2
27.6
422

21.0
590 + 241
411

43.6+14.9
1146 +354
195.3+47.1

211.9+194.9

No
(n=3,828)

43.1
56.9
425+9.4
23.0

66.8
33.2
12.3
10.5
16.3
2.2
248+ 4.7
0.35+0.52
76.6

9.3
27.0
42.4

21.3
589 + 240
41.5

43.7+149
1147 +35.4
195.3+47.0

209.7 £190.4

Yes
(n=137)

50.4
49.6
475%9.1
20.4

53.3
46.7
27.9
25.0
18.2

15

28.6£6.9
0.35+0.28

69.1

7.3
43.1
36.5

13.1
603 + 276
27.9

413155
112.2+359
195.5+49.7

282.8 +£298.3

*
P-value

0.002

<0.001
0.79
<0.001

<0.001

<0.001
0.60
0.74

<0.001
0.47
0.04
0.07

0.02
0.02

0.87
0.94

0.006

TOnIy available in the SMART study.
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*
P-value from univariate Cox proportional hazards models with the exception of baseline ART regimen which is the p-value from the 3df X2 test,
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Table 2

Risk of diabetes associated with IL-6 and CRP levels at entry

Page 17

Type of adjustment

IL6 range (pg/ml)

No-patients with
Incident diabetes (n)

Crude Analysis
(n=3,965; 3.45%)

Model 1:
Model 2:
Model 3:

hs-CRP range (pg/ml)

No-patients with
Incident diabetes (n)

Crude Analysis
(n=3,965; 3.45%)

Model 1:
Model 2:
Model 3:

Quartile 1 HR
(95% CI)

(0.15-1.15)
14

1.00 (Ref)

1.00 (Ref)
1.00 (Ref)
1.00 (Ref)

(0.03-0.68)
10

1.00 (Ref)

1.00 (Ref)
1.00 (Ref)
1.00 (Ref)

Quartile 2 HR
(95% CI)

(1.16-1.80)
27

1.70 (0.89-3.25)

1.53 (0.80-2.93)
1.30 (0.67-2.50)
1.18 (0.46-3.03)

(0.69-1.56)
23

2.32 (1.10-4.87)

2.17 (1.03-4.57)
2.16 (1.00-4.70)
2.84 (1.01-8.04)

Quartile 3HR
(95% ClI)

IL-6
(1.81-2.82)
44

2.86 (1.56-5.24)

2.23 (1.20-4.13)
1.74 (0.93-3.24)
1.76 (0.74-4.21)
hsCRP
(1.57-3.56)
55

5.52 (2.82-10.84)

4.64 (2.35-9.16)
4.21 (2.06-8.60)
3.15 (1.17-8.49)

Quartile 4 HR
(95% ClI)

(2.83-88.63)
52

3.45 (1.91-6.23)

2.52 (1.37-4.63)
1.93 (1.04-3.59)
1.89 (0.81-4.42)

(3.57-98.00)
49

5.13 (2.60-10.14)

4.15 (2.08-8.28)
3.47 (1.67-7.20)
3.20 (1.19-8.61)

HR associated with doubling of

biomarkers

HR (95%Cl)

1.47 (1.26-1.70)

1.35 (1.15-1.58)
1.29 (1.08-1.55)
1.36 (1.07-1.72)

1.32 (1.20-1.45)

1.28 (1.16-1.42)
1.22 (1.10-1.36)
1.22 (1.05-1.41)

P-value

<0.001

<0.001
0.005
0.01

<0.001

<0.001
<0.001
0.01

Model 1: Adjusted for age, sex, race, square root baseline CD4 count , co-infection with hepatitis B or C, viral load and type of ART (stavudine,
zidovudine (no stavudine), other ART or no ART); stratified by study. 10 participants including 1 event are excluded due to missing baseline

covariates.

Model 2: Model 1 plus use of lipid lowering drugs, use of blood pressure lowering drugs and BMI; stratified by study. 32 participants including 2
events are excluded due to missing baseline covariates.

Model 3: Model 2 plus cigarette smoking status, LDL, HDL, and triglycerides; SMART participants only. 17 participants including 0 events are

excluded due to missing baseline covariates.
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