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Abstract

Background

We longitudinally assessed predictors of insulin resistance (IR) change among HIV-unin-

fected and HIV-infected (ART-initiators and ART-non-initiators) Rwandan women.

Methodology

HIV-infected (HIV+) and uninfected (HIV-) women provided demographic and clinical mea-

sures: age, body mass index (BMI) in Kg/(height in meters)2, Fat-Mass (FMI) and Fat-Free-

Mass (FFMI) index, fasting serum glucose and insulin. Homeostasis Model Assessment

(HOMA) was calculated to estimate IR change over time in log10 transformed HOMAmea-

sured at study enrollment or prior to ART initiation in 3 groups: HIV- (n = 194), HIV+ ART-

non-initiators (n=95) and HIV+ ART-initiators (n=371). ANCOVA linear regression models

of change in log10-HOMA were fit with all models included the first log10 HOMA as

a predictor.

Results

Mean±SD log10-HOMA was -0.18±0.39 at the 1st and -0.21±0.41 at the 2nd measure, with

mean change of 0.03±0.44. In the final model (all women) BMI at 1st HOMAmeasure

(0.014; 95% CI=0.006-0.021 per kg/m2; p<0.001) and change in BMI from 1st to 2nd mea-

sure (0.024; 95% CI=0.013-0.035 per kg/m2; p<0.001) predicted HOMA change. When re-

stricted to subjects with FMI measures, FMI at 1st HOMA measure (0.020; 95% CI=0.010-

0.030 per kg/m2; p<0.001) and change in FMI from 1st to 2nd measure (0.032; 95%
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CI=0.020-0.043 per kg/m2; p<0.0001) predicted change in HOMA. While ART use did not

predict change in log10-HOMA, untreated HIV+ women had a significant decline in IR over

time. Use or duration of AZT, d4T and EFV was not associated with HOMA change in

HIV+ women.

Conclusions

Baseline BMI and change in BMI, and in particular fat mass and change in fat mass pre-

dicted insulin resistance change over ~3 years in HIV-infected and uninfected Rwandan

women. Exposure to specific ART (d4T, AZT, EFV) did not predict insulin resistance change

in ART-treated HIV-infected Rwandan women.

Introduction
Insulin resistance (IR) has been described in human immunodeficiency (HIV)-infected indi-
viduals treated with combination antiretroviral therapy (ART).[1–6] Development of IR and
onset of diabetes in ART-treated HIV-infected adults raise concerns regarding type and dura-
tion of ART exposure.[3,4] Expanding use of ART in sub-Saharan Africa (SSA) has led to a no-
table decline in HIV-associated morbidity and mortality.[7,8] However, development of IR
associated with use of ART in these patients could threaten their quality of life and well-being,
as it is associated with inflammation and development of diabetes mellitus.[9] Thus the well-
recognized benefits of ART treatment in HIV-infected African patients may potentially be ac-
companied by the development of IR, pre-diabetes and diabetes [2,4].

Most studies that have examined HIV- and ART-associated IR have been from industrial-
ized countries, where ART regimens containing protease inhibitors (PIs) are often the back-
bone of treatment.[5,6] However, cumulative exposure to nucleoside reverse transcriptase
inhibitor (NRTI) drugs, and in particular stavudine (d4T), may result in development of IR in
both women and men with HIV infection from developed and developing countries.[1–4] Ex-
isting data in developing countries are conflicting and limited on the relationship of HIV infec-
tion itself with development of IR and metabolic derangements.[2,3,10] Data from
industrialized countries suggest that IR and diabetes are more common in HIV-infected people
and are risk factors for development of coronary heart disease, which exposes HIV-infected
people to several other complications.[11]

Few studies have investigated the associations of HIV infection and ART use with IR in Af-
rica.[2] Improved understanding of the relationship between IR and ART exposure in the con-
text of cardiovascular disease and diabetes risk in HIV-infected Africans may inform and
contribute to specific treatment guidelines and decisions.[12] In a cross-sectional analysis, we
found that HIV infection itself, and HIV-related immunodeficiency were associated with great-
er insulin sensitivity.[13] We assessed IR change longitudinally in HIV-infected and uninfected
Rwandan women.

Methods

Setting and Participants
Data were from the Rwanda Women’s Inter-association Study and Assessment (RWISA), a
prospective observational cohort study that investigated the effectiveness and toxicity of ART
in 710 antiretroviral naïve HIV–infected women using 226 uninfected women as controls.
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Eligible participants from HIV care clinics and grassroots associations of women living with
HIV infection were enrolled in 2005. Participants provided written informed consent. The in-
formed consent process included explanation of the study details, and a video describing the
study, followed by group discussion, a question and answer period, and then a private standard
written informed consent. Participants’ signed consent documents were locked up in an office.
The encrypted database contained no personal identifying information. Informed consent doc-
uments were only accessible to the program director. This study was approved by the Rwandan
National Ethics Committee (RNEC) and the Institutional Review Board (IRB) of Montefiore
Medical Center, Bronx NY, USA. Inclusion criteria were�25 years of age, and if HIV-negative
willingness to undergo voluntary counseling and testing for HIV at 6-month intervals, presence
in Rwanda in 1994, and for HIV-infected women naïveté to ART, except possible exposure to
single-dose nevirapine during pregnancy to prevent mother to infant HIV transmission.

At study enrollment and at 6-month intervals, participants provided information by inter-
viewer-administered questionnaire including medical history, demographic information and
disease characteristics. Physical examinations were performed and specimens taken for CD4+
cell count determination, full blood count, other laboratory studies and repositing for future as-
says. RWISA study details have been previously described.[14]

Clinical Laboratory Measurements
Serum samples for the first measure of glucose and insulin for HIV-negative and HIV+ women
not initiating ART were taken from enrollment specimens. Samples for women who initiated
ART were taken from the last pre-ART visit within a year of ART initiation. CD4+ lymphocytes
counts were determined at the Rwanda National Reference Laboratory, Kigali using a FACS
counter (Becton and Dickinson, Immunocytometry Systems, San Jose, CA, USA). HIV infec-
tion was diagnosed by a testing algorithm, which required 2 positive results from commercial
HIV-1 antibodies ELISA kits (HIV Vironostika, Netherlands, and Murex HIV-1.2, Oxford,
UK). Using serum frozen at -80°C, insulin was measured with the Perkin Elmer alphaLISA
human insulin kit on a Perkin Elmer Enspire Plate reader and glucose was measured using the
Olympus America glucose hexokinase kit on an Olympus AU400 chemistry auto-analyzer, at
the Albert Einstein College of Medicine, Bronx, NY. Of note, insulin and glucose tests were run
on 17 different “batch” dates. Details of participants’ demographic and clinical characteristics
regarding body composition, metabolic profiles and immunologic data have been previously
reported.[13–15].

Assessment of Change in IR Outcome
The outcome, insulin resistance, was estimated by the Homeostasis Model Assessment
(HOMA), calculated as fasting insulin (μU/ml) × fasting glucose (mmol/L) ⁄ 22.5.[16] HOMA
correlates well with insulin resistance measured by the gold standard euglycemic hyperinsuli-
nemic clamp, and is a useful for large-scale assessment measure of IR in epidemiological stud-
ies.[17]

Assessment of exposures
Exposure variables obtained at the first and second visits included age, waist to hip ratio
(WHR) and body mass index (BMI) calculated as weight in kilograms divided by (height in
meters)2. Fat mass index (FMI) and fat-free mass index (FFMI) were calculated from resistance
and reactance using Kotler’s formulae [18] and standardized by height-squared for 85% of the
women. For the previous exposures we calculated change from first visit (i.e., baseline) to sec-
ond visit as the values at the second visit minus the value at the first visit. It should be noted
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that inclusion of FMI and FFMI into the models resulted in a sample size reduction of about
15% as some participants did not have these measures at both visits.

At each semi-annual follow-up visit participants were asked questions regarding exact date
and names of specific type of ART used since the previous visit (verified by both clinical data
and patients ART medication cards). Participants were then categorized into 1 of 3 groups de-
pending on HIV status and self-reported ART use during this time period: (a.) HIV-infected
ART-initiators, (b.) HIV-infected ART non-initiators and (c.) HIV-uninfected women. For
those who initiated ART, duration of self-reported drug exposure was obtained for each ART
regimen used up to the 2nd HOMAmeasure. Proportions of HIV-infected ART initiators and
the number of drugs that were reported within a given class of ART were also documented.

Statistical Analysis
Both HOMA and insulin were skewed to the left and thus were Log base-10 transformed to
achieve symmetry. While glucose was otherwise normally distributed, there was one outlier in-
dividual so observations above the 99th percentile were Winsorized to this value. We compared
change between two log10 transformed HOMA-IR measures separated in time by a median of
3.12 years in three groups of participants: HIV uninfected (n = 194), HIV-infected ART non-
initiators (n = 95) and HIV-infected ART initiators (n = 371). As noted earlier, in ART initia-
tors the first measure was taken prior to and the second measure taken after ART initiation.
Linear regression models of these changes in log10-HOMA were fit using the HIV+ART use
category (HIV-, HIV+-non-ART-initiator, HIV+-ART-initiator), BMI, WHR, FMI and FFMI
at baseline, and change in BMI, WHR, FMI and FFMI from the baseline to second measure,
and type and duration of ART usage as predictors. All models included the first log10 HOMA
as a predictor. Two final predictive models were built using stepwise selection with HIV/ART-
initiation status forced in and otherwise P to enter and P to stay equal to 0.10. The first exclud-
ed FMI and FFMI. The second included FMI and FFMI instead of BMI and thus excluded the
15% of subjects missing these data as described earlier.

Results

Participant Characteristics
As shown in Fig 1, of the 710 HIV+ participants at baseline, 490 (69.0%) initiated ART by 5th

visit. Of these 490 participants, 5 died, 78 were lost to follow up (LTFU) and 36 had no avail-
able specimens leaving a total of 371 HIV+ ART initiators. Of the 710 HIV+ participants, 220
were non- ART initiators, of whom 15 died, 15 were LTFU and 95 had no specimens available
leaving a total of 95 ART non-initiators. Of the 226 HIV uninfected participants, 1 died, 6 were
LTFU and 25 had no available specimens leaving a total of 194 HIV- participants. Thus, a total
of 660 women (194 HIV-uninfected, 95 HIV-infected ART non-initiators and 371 HIV-in-
fected ART initiators) were included in this longitudinal analysis. FMI and FFMI at both
HOMAmeasures was not available from 97 (15%) of the final women (Fig 1).

The HIV-uninfected women (HIV-) were older [mean age 42.3 vs. 33.6 (HIV+ART-non-
initiator) and 35.2 (HIV+ ART-initiator) years; p<0.001] with somewhat longer times from
1st to 2nd HOMAmeasure [2.91 vs. 2.58 (HIV+ART-non-initiator) and 2.72 (HIV+ ART initi-
ator) years; p<0.001] (Table 1).

The HIV+ women who initiated ART had the lowest Log10-HOMA at 1st measure [-0.26 vs.
-0.10 (HIV+ART-non-initiator) and -0.09 (HIV-); p<0.001 comparing all three groups], as
shown in Table 1. While the difference was not statistically significant, HIV+ women who initi-
ated ART also had the lowest HOMA on the second measure. However, the Log10

-HOMA
change from the 1st to 2nd measure was highest for HIV+ ART initiators: +0.02 vs. -0.14
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(HIV+ART-non-initiators) and -0.07 (HIV-), p = 0.002]. Similarly, the HIV+ women initiating
ART had lower mean Log10-Insulin at 1st insulin measure [0.48 vs. 0.62 (HIV+ ART non-initi-
ators) and 0.62 (HIV-); p<0.001]. The HIV+ ART initiators were also more likely to have
lower mean fasting glucose values at 1st measure [75.5 vs. 78.9 (HIV+ ART-naïve) and 80.3
mg/dl (HIV-); p<0.001 for glucose.

ART exposure
Table 2 presents ART exposure among the 371 HIV+ ART initiators. The HIV+ women who
initiated ART were most likely by the 2nd HOMA visit to have used stavudine (d4T), then zido-
vudine (AZT) and then efavirenz (EFV) (75.5 vs. 49.1% vs. 18.1%, p<0.001) with consequently
longest mean reported duration of use of d4T then AZT then EFV (1.09 vs. 0.53 vs. 0.20 years;
p<0.001).

Predictors of change in insulin resistance
Table 3 presents unadjusted and adjusted predictors of change in log10-HOMA from 1st to 2nd

measure using ANCOVA models. Most notably, after adjusting for the levels of log10-HOMA
at the 1st measure (which were lowest in HIV+ ART initiators) the change from the 1st to 2nd

measures did not statistically differ by HIV status and treatment group (P = 0.19). In the first
final stepwise linear predictive model among all participants that excluded FMI and FFMI as
predictors, 1st HOMAmeasure, BMI at 1st HOMAmeasure (0.014; 95% CI = 0.006–0.021 per
kg/m2; p<0.001) and change in BMI from 1st to 2nd measure (0.024; 95% CI = 0.013–0.035 per

Fig 1. Flow Diagram RWISA longitudinal insulin resistance study; RWISA, RwandaWomen’s Interassociation Study Assessment; HIV, Human
immunodeficiency virus; ART, antiretroviral therapy; HIV+, HIV-infected; HIV-, HIV-uninfected.

doi:10.1371/journal.pone.0123936.g001
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kg/m2; p<0.001) predicted insulin resistance (Table 3). In the second final linear predictive
model among all women that included FFMI and FMI as predictors (instead of BMI and

Table 1. Demographic and Clinical Characteristics of 660 RWISA Participants by HIV Status and ART Usage.

Characteristics HIV Infection and HAART Use Group*

HIV-Uninfected Women,
n = 194

HIV-Infected ART-Non-initiators,
n = 95

HIV-Infected ART-Initiators,
n = 371

P-
value†

Age

At HOMA 1st Measure 42.3±10.5 33.6±6.2 35.2±7.1 <0.001

At 2nd HOMA Measure 45.2±10.7 33.6±6.2 35.2±7.1 <0.001

Age Change 2.9±0.7 2.6±0.8 2.7±0.7 <0.001

Waist-to-Hip Ratio (WHR)

At HOMA 1st Measure 0.88±0.07 0.88±0.06 0.88±0.08 0.97

At 2nd HOMA Measure 0.88±0.07 0.87±0.08 0.89±0.09 0.13

WHR Change 0.00±0.09 0.00±0.08 0.01±0.09 0.26

Body Mass Index (BMI)

At HOMA 1st Measure 21.2±3.8 22.1±4.2 21.3±3.9 0.16

At 2nd HOMA Measure 22.2±4.3 22.8±4.7 22.3±3.9 0.56

BMI Change 1.00±2.33 0.77±2.19 0.95±3.01 0.79

Fat Mass Index

At 1st HOMA Measure 3.80±3.11 4.36±3.66 4.30±3.66 0.11

At 2nd HOMA Measure 4.29±3.76 4.73±4.01 4.70±3.69 0.28

Fat Mass Index Change 0.61±2.57 0.63±2.07 0.51±2.86 0.88

Fat Free Mass Index (FFMI)

At 1st HOMA Measure 17.32±1.60 17.66±1.62 17.09±1.69 0.003

At 2nd HOMA Measure 17.71±1.58 17.70±1.66 17.62±1.47 0.85

FFMI Change 0.31±1.54 0.02±1.44 0.51±1.63 0.011

2.91±0.65 2.58±0.82 2.72±0.67 <0.001

HOMA

1st Measure 1.19±1.10 1.15±1.03 0.84±1.02 <0.001

2nd Measure 1.10±1.32 0.96±1.34 0.95±1.29 0.41

Change From 1st to 2nd HOMA
Measure

-0.09±1.35 -0.19±1.27 0.10±1.38 0.09

Log10-HOMA‡

1st Measure -0.09±0.38 -0.10±0.39 -0.26±0.38 <0.001

2nd Measure -0.16±0.41 -0.23±0.41 -0.24±0.41 0.09

Log-10-HOMA Change§ -0.07±0.42 -0.14±0.41 0.02±0.45 0.002

Log10-Insulin, mIU/L

1st Measure 0.62±0.37 0.62±0.37 0.48±0.37 <.001

2nd Measure 0.57±0.39 0.49±0.39 0.48±0.39 0.029

Log-10-Insulin Change -0.05±0.40 -0.13±0.37 0.00±0.42 0.016

Glucose, gms/dl

1st Measure 80.3±9.6 78.9±9.85 75.5±9.8 <0.001

2nd Measure 76.0±10.8 77.2±10.3 78.0±9.2 0.08

Glucose Change -4.3±11.4 -1.7±11.4 2.5±12.1 <0.001

*Data are presented as Mean±SD;

†The p-value is from ANOVA;

‡Log10-HOMA is exponentiation of mean log10-HOMA;

§Change in Log10HOMA is exponentiation of mean change in log10-HOMA.

doi:10.1371/journal.pone.0123936.t001
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change in BMI), higher FMI at 1st HOMAmeasure (0.020; 95% CI = 0.010–0.030 per kg/m2;
p<0.001) and greater change in FMI from 1st to 2nd measure (0.032; 95% CI = 0.020–0.043 per
kg/m2; p<0.001) predicted greater IR (Table 3). FFMI and change in FFMI did not predict
change in HOMA.

In both of the final adjusted models, HIV serostatus and ART use independently predicted
change in log10-HOMA (overall p = 0.037 and 0.043 respectively in the model with all women
and the model restricted to those with FFMI and FMI). Neither ever use nor cumulative expo-
sure to d4T, AZT or EFV predicted IR change among ART initiators.

Discussion
In this longitudinal analysis of predictors of change in insulin resistance measured by
log10-HOMA, baseline BMI and change in BMI, and in particular higher fat mass and greater
change in fat mass strongly and independently predicted increase in insulin resistance from the
1st to 2nd measure in HIV-infected and uninfected African women after adjusting for the 1st

HOMAmeasure. We did not find increasing insulin resistance in HIV+ women compared to
HIV- women. However, HIV+ women who did not initiate ART, and therefore experienced
disease progression over the three years of the study, had an increase in insulin sensitivity—i.e.
their IR declined significantly more (compared to HIV- women) from the 1st to 2nd visit, with
greater decline associated with longer time between 1st an 2nd visit. Waist-to-hip ratio (WHR)
and use of specific ART regimens did not predict change in insulin resistance in ANCOVA
linear models.

Although the HIV-infected ART initiators had a small increase in HOMA in unadjusted
analysis (and the other groups had a decrease in HOMA), in the final multivariate models that
adjusted for time between visits and BMI or FMI, the significant difference among the HIV/
treatment group was a greater adjusted decline in the HIV-infected women who did not initiate
ART, with no significant difference between the ART initiators and the HIV-uninfected
women. Although age is associated with increase in insulin resistance and decline in glucose
tolerance, we did not observe any association between baseline and follow up age with change
in IR, while change in age between visits had a borderline association (P = 0.058). We believe
that subtracting out the 1st HOMAmeasure in calculating the IR change accounts for any cu-
mulative effects of age up to baseline and that the time difference between the two visits was
too short to statistically be able to see the age effect.

We have previously investigated predictors of cross sectional insulin resistance in HIV-un-
infected and HIV-infected antiretroviral-naïve Rwandan women, and found that HIV infection

Table 2. Description of ART usage among 371 womenwho initiated treatment.

Characteristic Mean (±SD) or percentage

Years From 1st HOMA Measure to ART Initiation 0.35±0.30

Years From ART Initiation to 2nd HOMA Measure 2.38±0.74

Ever Reported Using Zidovudine 49.1%

Mean Years Reported Zidovudine Use 0.53±0.78

Ever Reported Using Stavudine 75.5%

Mean Years Reported Stavudine Use 1.09±0.92

Ever Reported Using Efavirenz 18.1%

Mean Years Reported Efavirenz Use 0.20±0.55

Proportions of HIV+ ART initiators: 26.7% used AZT, 62.5% used D4T, 89.1% used NRTI total and 1.3%

used NRTI other than AZT or D4T.

doi:10.1371/journal.pone.0123936.t002
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and advanced HIV disease were associated with increased insulin sensitivity.[13] Findings
from this analysis inform our understanding of insulin resistance change over a time in treated
and untreated HIV+ women. Even in the thinner individuals who make up this cohort, higher
weight and weight increase (and specifically fat-mass) predicted higher risk for increased insu-
lin resistance, while untreated HIV disease was associated with increasing insulin sensitivity.
Our results are similar to those from previous studies in developed countries, showing associa-
tions of increased weight with insulin resistance and onset of diabetes in HIV-infected individ-
uals.[19–24]

Table 3. Unadjusted and adjusted predictors of change in Log10-HOMA from first to secondmeasure from ANCOVAModels1,2.

Characteristics Final Models1,2,3

Single Variable Baseline
HOMA Adjusted Model1,2

Excludes Fat-Free and Fat
Mass

Includes Fat-Free and Fat
Mass

AMONG HIV-NEGATIVE AND POSITIVE
SUBJECTS

Effect (95% CI) p-
value

Effect (95% CI) p-
value

Effect (95% CI) p-
value

First HOMA Measure -0.579 (-0.654,
-0.505)

<0.001 -0.590 (-0.667,
-0.514)

<0.001 -0.586 (-0.668,
-0.504)

<0.001

Age (at 1st HOMA Measure) years -0.001 (-0.004,
0.002)

0.51 – – - -

Age (at 2nd HOMA Measure) years -0.001 (-0.005,
0.002)

0.44

Years: 1st and 2nd HOMA Measure -0.032 (-0.074,
0.010)

0.14 -0.043 (-0.085,
-0.001)

0.047 -0.043 (-0.085,
-0.001)

0.091

HIV status and ART Use Group 0.19 0.09 0.09

HIV Negative (baseline)

HIV Positive No-ART -0.079 (-0.174,
0.015)

-0.100 (-0.194,
-0.006)

0.037 -0.104 (-0.205,
-0.003)

0.043

HIV Positive ART initiators -0.002 (-0.070,
0.065)

-0.015 (-0.082,
-0.052)

0.67 -0.007 (-0.078,
0.063)

0.84

WHR at 1st HOMA Measure 0.241 (-0.171,
-0.654)

0.25 –

Change in WHR: 1st to 2nd Measure 0.037 (-0.402, 0.382) 0.84

BMI at 1st HOMA Measure 0.009 (0.002, 0.017) 0.015 0.014 (0.006, 0.021) <0.001

Change in BMI: 1st to 2nd Measure 0.018 (0.007, 0.029) <0.001 0.024 (0.013, 0.035) <0.001

Fat Free-Mass at 1st HOMA Measure 0.012 (-0.008, 0.033) 0.23

Change in Fat Free-Mass: 1st to 2nd Measure -0.018 (-0.038,
0.002)

0.071

Fat Mass at 1st HOMA Measure 0.011 (0.002, 0.021) 0.019 0.020 (0.010, 0.030) <0.001

Change in Fat Mass 1st to 2nd Measure 0.028 (0.016, 0.040) <0.001 0.032 (0.020, 0.043) <0.001

AMONG SUBJECTS WHO INITIATED ART – –

Ever Used Zidovuine 0.026 (-0.066, 0.118) 0.47

Years Used Zidovudine -0.029(-0.080, 0.023) 0.27

Ever Used Stavudine 0.026 (-0.066, 0.118) 0.58

Years Used Stavudine 0.023 (-0.020, 0.065) 0.29

Ever Used Efavarenz 0.017 (-0.088, 0.121) 0.75

Years Used Efavarenz 0.005 (-0.078, 0.069) 0.89

Table presents Linear Effect Coefficient (Adjusted) and 95% Confidence Intervals.

The First Log10 HOMA Measure is included as a predictor in all Linear Models

No Final Model among Subjects who initiated ART as no characteristic was significant in single variable ANCOVA models.

doi:10.1371/journal.pone.0123936.t003
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There exist few studies of IR change in HIV-infected sub-Saharan Africans. Two recent
studies found a significant increase in IR in HIV-infected South Africans initiating ART.
[10,25] Several reports from industrialized countries have found no association of HIV status
with IR change or prevalence of IR or diabetes[21,24] while the evidence for IR change with
ART use is conflicting, with some studies finding a positive association of IR with ART use
while others do not.[22,26] Insulin resistance was not associated with HIV infection in a large
North American cohort of HIV-infected and HIV-uninfected women, in which 48% of HIV-
infected patients were on protease inhibitors (PI).[21] In a study to determine the prevalence
and risk factors for diabetes in HIV-infected and uninfected individuals in the Veterans Cohort
Study, Butt et al. observed that HIV infection was not associated with increased risk for diabe-
tes, although use of NRTI therapy was.[22] Diabetes mellitus incidence in the Swiss Cohort
Study was found to be higher with PI-containing but not NNRTI-containing ART regimens.
[26] Cohorts from industrialized countries with higher BMI/FMI than in our study population
have found that type and duration of ART use predicted insulin resistance.[5,6,21] However,
our study participants had low baseline weight with mean BMI of ~21 Kg/m2, which is lower
than in most HIV cohort studies of insulin resistance [6,21] and while fat mass measurement
was not reported elsewhere, we suspect the same is true here.

We also found no associations between specific ART agents or duration of their use with in-
sulin resistance among women who initiated ART. In a descriptive breakdown by ART type
among the 371 women who initiated ART, the largest increases were seen among the d4T
group, but these changes were too small to be statistically significant. Our study could not as-
certain the effect of PI use, as the number of participants using PI-based regimens was too
small to establish these relationships. Still these findings are consistent with a large cohort
study in North America that assessed the frequency of pre-diabetes and insulin resistance in
HIV-infected and uninfected women, and reported no association of pre-diabetes and insulin
resistance with use of ART in a cross-sectional analysis.[21] While some studies from US and
European countries have reported that exposure to combination ART[1,3,5,6,26] and in partic-
ular d4T and AZT, was associated with greater insulin resistance and onset of diabetes in ART-
treated HIV-infected adults, most of these studies were of predominately white male popula-
tions and included protease inhibitor based ART regimens, whereas nearly all ART regimens
reported here were NNRTI based used by African women. A report from South Africa found
fasting glucose and HOMA scores increased significantly more among patients on d4T com-
pared to tenofovir.[25] A cross-sectional study from India also reported higher risk for insulin
resistance in patients treated with ART compared to ART-naïve HIV-infected patients.[2] By
contrast, in one South African study Kiage et al. found that even short-term exposure to ART
of 90 days after treatment initiation was associated with propensity towards development of in-
sulin resistance regardless of the type of ART regimen used.[10]

Our previous cross-sectional analysis found no association of demographic factors such as
education and occupation with cross sectional IR, and perhaps not surprisingly we observed
none between demographic factors and IR change (data not shown) [13]. Although age is asso-
ciated with increase in insulin resistance and decline in glucose tolerance, we did not observe a
significant association of age with IR change, although change in age between visits had a bor-
derline association (p = 0.058). We believe that subtracting out the 1st HOMAmeasure in cal-
culating the IR change accounts for any cumulative effects of age up to baseline, and that the
time difference between the two visits was too little to statistically be able to see an age effect.

It is interesting that the change in glucose from 1st to 2nd visit was highest for HIV- infected
ART initiators (+2.5 g/dL Vs. -1.7 for HIV-infected ART non-initiators and -4.3 for HIV-unin-
fected, p<0.001 (Table 1). This may be a Type-1 error or it may be capturing a more compli-
cated aspect of insulin resistance pathogenesis that HOMA does not pick up. It does not
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transmit through to HOMA as insulin, which increases in the HIV-infected ART-initiators but
decreases in the other groups, makes a much larger mathematical contribution to HOMA than
does glucose. Also of note, the relatively large decrease in glucose among the untreated HIV+
women with a decrease in the insulin levels suggests that the lower glucose is the primary event
and is not caused by a higher insulin.

We acknowledge some limitations to our analysis. First, this was not a randomized trial and
the lower Log10-HOMA at the 1st measure among HIV-infected ART initiators complicates
comparison of change from the 1st to 2nd measure in this group. However, this is likely the case
in all other longitudinal studies of IR change after ART initiation. Secondly, our study lacked
male participants, and it is unclear if our results can be generalized to HIV-infected men.
Thirdly, we defined insulin resistance using HOMA, which is a surrogate marker and not the
gold standard euglycemic insulin clamp technique.[16,17] However, HOMA values highly cor-
relate with insulin clamp technique,[16] and have been shown to be a reasonable measure of in-
sulin resistance in large epidemiologic studies.[27,28]. It should also be noted that there was
high collinearity between a sample’s insulin/glucose testing (batch date) and the person’s HIV/
ART use group leading to an unbalanced design on this characteristic. But batch date as a pre-
dictor was not statistically significant after HIV/ART risk group was adjusted for (data not
shown).

Finally, An ANCOVA approach that included the first log10 HOMA as a predictor was used
for linear regression. While ANCOVAmodels can be biased for estimating effects of subse-
quent treatments initiated, for example from regression to different means, models that do not
include the baseline predictor are equivalently biased in the same settings and subject to higher
variance.[29] This reflects regression to the mean type processes in observational studies that
cannot be adjusted by any model and may in fact be partly responsible for the different patterns
of association we see between adjusted and unadjusted associations of HIV-infection/ART use
with insulin resistance. We believe, however, that as baseline CD4+ was the main selection cri-
teria for being subsequently put on ART, and neither baseline CD4+ (nor pre-post baseline
change in CD4+) had residual association with Log10HOMA change in adjusted models
among HIV-infected women (data not shown), such biases are limited.

In summary, only baseline weight and change in weight and specifically fat mass were inde-
pendently associated with an increase in insulin resistance over ~3 year period in HIV-infected
and uninfected African women with low baseline levels of insulin resistance. HIV serostatus
and antiretroviral therapy including cumulative exposure to d4T, AZT and EFV did not predict
development of insulin resistance. Untreated HIV infection was associated with less insulin re-
sistance over time. Since weight gain within the normal BMI range could increase the risk for
developing insulin resistance, HIV-infected individuals (and others) of normal weight in devel-
oping countries should be warned against possible excessive weight gain. Participants in this
study may have been protected by their thinness and young age but the effects of ART exposure
may be magnified in settings where participants are heavier and older. Of particular note, in
HIV-uninfected individuals, attainment of relatively modest weight stability goals is recom-
mended, and would therefore be prudent for HIV-infected persons to do the same to avoid po-
tential development of insulin resistance.

The effects of epidemiological transition in Africa from infectious disease morbidity to
modern health risks of metabolic disease due to urbanization and lifestyle changes may influ-
ence the interplay between glucose regulation and ART exposure even in HIV-infected individ-
uals with low body weight.[30] On the other hand, our finding of no increase in insulin
resistance over time among HIV infected and uninfected persons in this study compared to
other studies may be attributed to ancestry and sex differences between cohorts from the indus-
trialized countries and African women in this cohort. It would likely be wise to encourage
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HIV-infected (as well as uninfected) individuals in developing countries to live a nutritionally
healthy lifestyle to maintain normal body weight, which among other benefits may also miti-
gate the risk for development of insulin resistance. Further investigations of insulin resistance
and/or glucose metabolism and regulation in HIV-infected and uninfected African individuals
may be helpful. Additionally, future comparisons of predictors of insulin resistance change,
type and duration of antiretroviral therapy and other non-HIV related factors are warranted in
the developing world as underlying insulin resistance risk in the population is likely
to increase.

Acknowledgments
We acknowledge RWISA participants for their valuable time and commitment, and particular-
ly acknowledge all research staff for their contribution to this study.

Author Contributions
Conceived and designed the experiments: EM DH QS KA. Performed the experiments: EM
MC KA. Analyzed the data: DH QS KA. Contributed reagents/materials/analysis tools: EM
MC DH QS KA. Wrote the paper: EM DH QS JCD JDS MC KA. Applied and obtained Rwan-
dan ethical approvals: EMMC KA.

References
1. Tien PC, Schneider MF, Cole SR, Levine AM, CohenM, DeHovitz J et al. Antiretroviral therapy expo-

sure and insulin resistance in the Women's Interagency HIV study. J Acquir Immune Defic Syndr 2008;
49: 369–376. PMID: 19186350

2. Idiculla J, Ravindra’n GD, D’Souza J, Singh G, Furrugh S. Diabetes mellitus, insulin resistance, and
metabolic syndrome in HIV-positive patients in South India. Int J Gen Med 2011; 4: 73–78. doi: 10.
2147/IJGM.S15818 PMID: 21403795

3. DeWit S, Sabin CA, Weber R, Worm SW, Reiss P, Cazanave C et al. Incidence and risk factors for
new-onset diabetes in HIV-infected patients: the Data Collection on Adverse Events of Anti-HIV Drugs
(D:A:D) study. Diabetes Care 2008; 31: 1224–1229. doi: 10.2337/dc07-2013 PMID: 18268071

4. Dave JA, Lambert EV, Badri M, West S, Maartens G, Levitt NS. Effect of nonnucleoside reverse tran-
scriptase inhibitor-based antiretroviral therapy on dysglycemia and insulin sensitivity in South African
HIV-infected patients. J Acquir Immune Defic Syndr 2011; 57: 284–289. doi: 10.1097/QAI.
0b013e318221863f PMID: 21602696

5. Justman JE, Benning L, Danoff A, Minkoff H, Levine A, Greenblatt RM et al. Protease Inhibitor use and
the incidence of diabetes mellitus in a large cohort of HIV-infected women. J Acquir Immune Defic
Syndr 2003; 32: 298–302. PMID: 12626890

6. Brown TT, Cole SR, Li X, Kingsley LA, Palella FJ, Riddler SA et al. Antiretroviral therapy and the preva-
lence and incidence of diabetes mellitus in the multicenter AIDS cohort study. Arch Intern Med 2005;
165: 1179–1184. PMID: 15911733

7. UNAIDS. UNAIDS report on the global AIDS epidemic: 2010. 2010 www.unaids.org/documents/
20101123_globalreport_em.pdf (22 July 2014, date last assessed)

8. Shao Y, Williamson C. The HIV-1 Epidemic: Low- to Middle-Income Countries. Cold Spring Harb Per-
spect Med 2012; 2: a007187. doi: 10.1101/cshperspect.a007187 PMID: 22393534

9. Kalra S, Agrawal N. Diabetes and HIV: current understanding and future perspectives. Curr Diab Rep
2013; 13: 419–427. doi: 10.1007/s11892-013-0369-9 PMID: 23446780

10. Kiage JN, Heimburger DC, Nyirenda CK, Wellons MF, Bagchi S, Chi BH et al. Cardiometabolic risk fac-
tors among HIV patients on antiretroviral therapy. Lipids Health Dis 2013; 12: 50. doi: 10.1186/1476-
511X-12-50 PMID: 23575345

11. Worm SW, DeWit S, Weber R, Sabin CA, Reiss P, El-Sadr W et al. Diabetes mellitus, preexisting coro-
nary heart disease, and the risk of subsequent coronary heart disease events in patients infected with
human immunodeficiency virus: the Data Collection on Adverse Events of Anti- HIV Drugs (D:A:D
Study). Circulation 2009; 119: 805–811. doi: 10.1161/CIRCULATIONAHA.108.790857 PMID:
19188509

Insulin Resistance and ART Use in RwandanWomen

PLOSONE | DOI:10.1371/journal.pone.0123936 April 16, 2015 11 / 12

http://www.ncbi.nlm.nih.gov/pubmed/19186350
http://dx.doi.org/10.2147/IJGM.S15818
http://dx.doi.org/10.2147/IJGM.S15818
http://www.ncbi.nlm.nih.gov/pubmed/21403795
http://dx.doi.org/10.2337/dc07-2013
http://www.ncbi.nlm.nih.gov/pubmed/18268071
http://dx.doi.org/10.1097/QAI.0b013e318221863f
http://dx.doi.org/10.1097/QAI.0b013e318221863f
http://www.ncbi.nlm.nih.gov/pubmed/21602696
http://www.ncbi.nlm.nih.gov/pubmed/12626890
http://www.ncbi.nlm.nih.gov/pubmed/15911733
http://www.unaids.org/documents/20101123_globalreport_em.pdf
http://www.unaids.org/documents/20101123_globalreport_em.pdf
http://dx.doi.org/10.1101/cshperspect.a007187
http://www.ncbi.nlm.nih.gov/pubmed/22393534
http://dx.doi.org/10.1007/s11892-013-0369-9
http://www.ncbi.nlm.nih.gov/pubmed/23446780
http://dx.doi.org/10.1186/1476-511X-12-50
http://dx.doi.org/10.1186/1476-511X-12-50
http://www.ncbi.nlm.nih.gov/pubmed/23575345
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.790857
http://www.ncbi.nlm.nih.gov/pubmed/19188509


12. Thienemann F, Sliwa F, Rockstroh JK. HIV and the heart: the impact of antiretroviral therapy: a global
perspective. Eur Heart J 2013; 34: 3538–3546. doi: 10.1093/eurheartj/eht388 PMID: 24126882

13. Dusingize JC, Hoover DR, Shi Q, Mutimura E, Kiefer E, Anastos K. Associations of HIV infection with
insulin and glucose levels in antiretroviral-naïve Rwandan women. BMJ Open 2013; 3: e003879. doi:
10.1136/bmjopen-2013-003879 PMID: 24319275

14. Kiefer E, Hoover DR, Shi Q, Dusingize JC, Cohen M, Mutimura E et al. Association of pre-treatment
nutritional status with change in CD4+ cell count after antiretroviral therapy at 6, 12, and 24 months in
Rwandan women. PLoS One 2011; 6:e29625. doi: 10.1371/journal.pone.0029625 PMID: 22216334

15. Dusingize JC, Hoover DR, Shi Q, Mutimura E, Kiefer E, Cohen M et al. Association of serum albumin
with markers of nutritional status among HIV-infected and uninfected Rwandan women. PLoS One
2012; 7:e35079. doi: 10.1371/journal.pone.0035079 PMID: 22532840

16. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. Homeostasis model as-
sessment: insulin resistance and beta-cell function from fasting plasma glucose and insulin concentra-
tions in man. Diabetologia 1985; 28: 412–419. PMID: 3899825

17. Henderson M, Rabasa-Lhoret R, Bastard JP, Chiasson JL, Baillargeon JP, Hanley JA et al. Measuring
insulin sensitivity in youth: How do the different indices compare with the gold-standard method? Diabe-
tes Metab 2011; 37: 72–78. doi: 10.1016/j.diabet.2010.06.008 PMID: 21126900

18. Kotler DP, Burastero S, Wang J, Pierson RN, Jr. Prediction of body cell mass and total body water
using bioimpedance analysis: effects of race, gender, and disease. Am J Clin Nutr 1996; 64(3
Suppl):489S–497S. PMID: 8780369

19. Petoumenos K, Worm SW, Fontas E, Weber R, DeWit S, Bruyard M et al. Predicting the short-term risk
of diabetes in HIV-positive patients: the Data Collection on Adverse Events of Anti-HIV Drugs (D:A:D)
study. I Int AIDS Soc 2012; 15:17426. doi: 10.7448/IAS.15.2.17426 PMID: 23078769

20. Boufassa F, Goujard C, Viard JP, Carlier R, Lefebvre B, Yeni P et al. Immune deficiency could be an
early risk factor for altered insulin sensitivity in antiretroviral-naive HIV-1-infected patients: the ANRS
COPANA cohort. Antivir Ther 2012; 17:19–100. doi: 10.3851/IMP1916 PMID: 22267465

21. Danoff A, Shi Q, Justman J, Mulligan K, Hessol N, Robison E et al. Oral glucose tolerance and insulin
sensitivity are unaffected by HIV infection or antiretroviral therapy in overweight women. J Acquir Im-
mune Defic Syndr 2005; 39: 55–62. PMID: 15851914

22. Butt AA, McGinnis K, Rodriguez-Barradas MC, Crystal S, Simberkoff M, Goetz MB et al. HIV infection
and the risk of diabetes. AIDS 2009; 23: 1227–1234. doi: 10.1097/QAD.0b013e32832bd7af PMID:
19444074

23. Capeau J, Bouteloup V, Katlama C, Bastard JP, Guiyedi V, Salmon-Creon D et al. Ten-year diabetes
incidence in 1046 HIV-infected patients started on a combination antiretroviral treatment. AIDS 2012;
26: 303–314. doi: 10.1097/QAD.0b013e32834e8776 PMID: 22089377

24. Brar I, Shuter J, Thomas A, Daniels E, Absalon. A comparison of factors associated with prevalent dia-
betes mellitus among HIV-Infected antiretroviral-naive individuals versus individuals in the National
Health and Nutritional Examination Survey cohort. J Acquir Immune Defic Syndr 2007; 45: 66–71.
PMID: 17245229

25. Menezes C, Crowther N, Duarte R, Van Amsterdam D, Evans D, Dickens C et al. A randomized clinical
trial comparing metabolic parameters after 48 weeks of standard- and low-dose stavudine therapy and
tenofovir disoproxil fumarate therapy in HIV-infected South African patients. HIV Med 2014; 15: 3–12.
doi: 10.1111/hiv.12074 PMID: 23980620

26. Ledergerber B, Furrer H, Rickenbach M, Lehmann R, Elzi L, Hirschel B et al. Factors associated with
the incidence of type 2 diabetes mellitus in HIV-infected participants in the Swiss HIV Cohort Study.
Clin Infect Dis 2007; 45: 111–119. PMID: 17554711

27. Hanson RL, Pratley RE, Bogardus C, Narayan KM, Roumain JM, Imperetore G et al. Evaluation of sim-
ple indices of insulin sensitivity and insulin secretion for use in epidemiologic studies. Am J Epidemiol
2000; 15; 151: 190–198. PMID: 10645822

28. Bonora E, Targher G, Alberiche M, Bonadonna RC, Saggiani F, Zenere MB et al. Homeostasis model
assessment closely mirrors the glucose clamp technique in the assessment of insulin sensitivity: stud-
ies in subjects with various degrees of glucose tolerance and insulin sensitivity. Diabetes Care 2000;
23: 57–63. PMID: 10857969

29. Senn S. Change from baseline and analysis of covariance revisited. Stat Med 2006; 25:4334–4344.
PMID: 16921578

30. Maruthur NM. The growing prevalence of type 2 diabetes: increased incidence or improved survival?
Curr Diab Rep 2013; 13: 786–794. doi: 10.1007/s11892-013-0426-4 PMID: 24072478

Insulin Resistance and ART Use in RwandanWomen

PLOSONE | DOI:10.1371/journal.pone.0123936 April 16, 2015 12 / 12

http://dx.doi.org/10.1093/eurheartj/eht388
http://www.ncbi.nlm.nih.gov/pubmed/24126882
http://dx.doi.org/10.1136/bmjopen-2013-003879
http://www.ncbi.nlm.nih.gov/pubmed/24319275
http://dx.doi.org/10.1371/journal.pone.0029625
http://www.ncbi.nlm.nih.gov/pubmed/22216334
http://dx.doi.org/10.1371/journal.pone.0035079
http://www.ncbi.nlm.nih.gov/pubmed/22532840
http://www.ncbi.nlm.nih.gov/pubmed/3899825
http://dx.doi.org/10.1016/j.diabet.2010.06.008
http://www.ncbi.nlm.nih.gov/pubmed/21126900
http://www.ncbi.nlm.nih.gov/pubmed/8780369
http://dx.doi.org/10.7448/IAS.15.2.17426
http://www.ncbi.nlm.nih.gov/pubmed/23078769
http://dx.doi.org/10.3851/IMP1916
http://www.ncbi.nlm.nih.gov/pubmed/22267465
http://www.ncbi.nlm.nih.gov/pubmed/15851914
http://dx.doi.org/10.1097/QAD.0b013e32832bd7af
http://www.ncbi.nlm.nih.gov/pubmed/19444074
http://dx.doi.org/10.1097/QAD.0b013e32834e8776
http://www.ncbi.nlm.nih.gov/pubmed/22089377
http://www.ncbi.nlm.nih.gov/pubmed/17245229
http://dx.doi.org/10.1111/hiv.12074
http://www.ncbi.nlm.nih.gov/pubmed/23980620
http://www.ncbi.nlm.nih.gov/pubmed/17554711
http://www.ncbi.nlm.nih.gov/pubmed/10645822
http://www.ncbi.nlm.nih.gov/pubmed/10857969
http://www.ncbi.nlm.nih.gov/pubmed/16921578
http://dx.doi.org/10.1007/s11892-013-0426-4
http://www.ncbi.nlm.nih.gov/pubmed/24072478


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


