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Abstract: Efavirenz is the preferred nonnucleoside reverse transcrip-

tase inhibitor (NNRTI) in first-line antiretroviral therapy (ART) regi-

mens in low- and middle-income countries, where the prevalence of

diabetes is increasing. Randomized control trials have shown mild

increases in plasma glucose in participants in the efavirenz arms, but

no association has been reported with overt diabetes. We explored the

association between efavirenz exposure and incident diabetes in a large

Southern African cohort commencing NNRTI-based first-line ART.

Our cohort included HIV-infected adults starting NNRTI-based ART

in a private sector HIV disease management program from January 2002

to December 2011. Incident diabetes was identified by the initiation of

diabetes treatment. Patients with prevalent diabetes were excluded.

We included 56,298 patients with 113,297 patient-years of follow-up

(PYFU) on first-line ART. The crude incidence of diabetes was 13.24 per

1000 PYFU. Treatment with efavirenz rather than nevirapine was

associated with increased risk of developing diabetes (hazard ratio

1.27 (95% confidence interval (CI): 1.10–1.46)) in a multivariate

analysis adjusting for age, sex, body mass index, baseline CD4 count,

viral load, NRTI backbone, and exposure to other diabetogenic medi-

cines. Zidovudine and stavudine exposure were also associated with an

increased risk of developing diabetes.

We found that treatment with efavirenz, as well as stavudine and

zidovudine, increased the risk of incident diabetes. Interventions to detect
omi S. Levitt, MBC (SA),
ed(Clin Pharm), MSc(Epid)

(Medicine 95(9):e2844)

Abbreviations: AfA = Aid for AIDS, AIC = Akaike Information

Criterion, ART = antiretroviral therapy, AZT = zidovudine, BMI =

body mass index, d4T = stavudine, EFV = efavirenz, HIV = human

immunodeficiency virus, HR = hazard ratio, IQR = interquartile

range, LMICs = low- and middle-income countries, NNRTI =

nonnucleoside reverse transcriptase inhibitor, NRTIs = nucleoside

reverse transcriptase inhibitors, NVP = nevirapine, PI = protease

inhibitor, PYFU = patient-years of follow-up, VL = viral load,

WHO = World Health Organization.

INTRODUCTION

A ccess to antiretroviral therapy (ART) has considerably
reduced morbidity and mortality associated with human

immunodeficiency virus (HIV) infection. However, long-term
ART is associated with adverse metabolic effects including
dysglycemia and new onset diabetes mellitus.1,2 With the
prevalence of noncommunicable diseases, including diabetes,
increasing in low- and middle-income countries (LMICs),3

patients on ART in LMICs face a dual burden of disease.4

A number of antiretroviral drugs are known to cause
diabetes, including the nucleoside reverse transcriptase inhibi-
tors (NRTIs) stavudine (d4T) and zidovudine (AZT),2 and
the older protease inhibitors (PIs) indinavir5 and ritonavir.6,7

Efavirenz, which is now the preferred nonnucleoside
reverse transcriptase inhibitor (NNRTI) for first-line ART in
LMICs,8 is associated with slight increases in blood glucose in
randomized controlled trials,9–13 and, in one study conducted
by our group.14 However, there is no good evidence that
efavirenz is associated with an increased risk of developing
diabetes.

The aim of our study was to investigate the association
between efavirenz use and the incidence of diabetes mellitus in
a South African cohort of patients on first-line ART.

METHODS

Study Population and Data Source
The study population comprises South African HIV-

infected adults enrolled in a private sector HIV disease manage-
ment program, Aid for AIDS (AfA). The AfA program collects
demographic, laboratory, and clinical data on individuals who
registered for HIV benefits. Claim data were captured by AfA
from the medical insurance fund claim database. These include
ion, pharmacy, and medical practitioner
bmitted to the scheme for processing
e service by the provider (eg, pharmacy,
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hospitalization) for direct reimbursement or after the service
date by the member where the member had already paid the
claim. Reimbursement was subject to established AfA proto-
cols, including protocols for ART initiation, change of ART
regimen, and the treatment of certain opportunistic infections.
No copayment was required for ART, viral load (VL) and CD4
monitoring, and doctor visits.

Despite being a private sector program, AfA standardized
guidelines for HIV management, are similar to the World Health
Organization (WHO) guidelines for LMICs.8 Patients were
eligible for ART initiation if their CD4 cell count was below
350 cells/ml or they had WHO stage 3 or 4 illness irrespective of
the CD4 count. The recommended initial regimen was a com-
bination of 2 NRTIs and an NNRTI. VL and CD4 counts were
monitored every 6 months.

Data linkage to the South Africa death registry allowed
ascertainment of deaths and date of death, as previously
described.15,16

Variables and Definitions
We extracted sex, date of birth, weight, height, Republic of

South Africa Identity Number, and date of joining the AfA
program from the form completed by the doctor on registering
the patient with AfA.

We extracted longitudinal results for CD4 count and VL,
and all medication claims for antiretrovirals and concomitant
medicines. We created a list of diabetogenic drugs using a
pharmacology reference textbook17 and a review18 (see
Appendix 1, http://links.lww.com/MD/A735). We categorized
patients as exposed to diabetogenic drugs if they submitted
claims for a diabetogenic drug on 2 or more occasions.

We defined the ART start date as the date on which anti-
retroviral drugs were first dispensed in the AfA program. The ART
starting regimen was the regimen dispensed on this date. The
baseline CD4 count, VL, and weight were the values measured
closest to the date of ART initiation, within the 12-month window
before the ART start date. The primary exposurevariable of interest
was the NNRTI component of the first-line antiretroviral regimen.

Inclusion and Exclusion Criteria
For this study we included AfA-registered patients who

initiated a first-line NNRTI-containing ART regimen from
January 2002 to December 2011 and were 19 years or older
when starting ART. We excluded patients already on antidia-
betic medication before starting ART, and patients with missing
South Africa identification numbers (as the identification num-
ber was used to determine if death occurred by linkage with the
South African death registry).

Endpoint
Incident diabetes was defined, using claims data, as the date

on which any of the antidiabetic agents available in South Africa
(insulins, metformin, sulfonylureas, alpha glucosidase inhibitors,
thiazolidinediones, dipeptidyl peptidase-IV inhibitors, glucagon-
like-peptide-1 receptor agonists and meglitinides) were initiated.
Patients who started and stopped antidiabetic medication in the
months around a pregnancy (from 6 months before delivery until
1 month after delivery) were assumed to have diabetes in preg-
nancy and were therefore not included as incident diabetes.

Karamchand et al
Imputation of Missing Data
Some data were missing for baseline CD4 count, baseline

VL, baseline weight and height (see Table 1). We imputed
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5 datasets with the multiple imputation by chained equations
(MICE) module in STATA version 13. The imputation model
included the following variables: sex, baseline weight, height,
age, CD4 count, and VL, death, incident diabetes, and exposure
time. CD4 count and VL were actively imputed, and body mass
index (BMI) was passively imputed (using actively imputed
baseline weight and height). We checked the results of the
imputation model by comparing the imputed data with the
actual data.19,20

Analysis
We collated and prepared the data for statistical analysis

using a relational database (Microsoft SQL Server 2008). We
used STATA Version 13 (StataCorp LP, College Station, TX)
and R version 3.2.1 (R Development Core Team) for statistical
analyses.21 We compared the incidence of diabetes in patients
receiving efavirenz-containing regimens versus nevirapine-con-
taining regimens with a Kaplan–Meier plot and a log-rank test.

We explored the association of efavirenz exposure with
the hazard of developing diabetes using a multivariate Cox-
proportional hazards model. We adjusted for the following
variables: age, sex, baseline BMI, baseline CD4 count, baseline
VL, exposure to diabetogenic drugs. For the primary analysis
ARTwas included in the model as time-updated NRTI backbone
(AZT-containing, d4T-containing, or other NRTI combination)
and time-updated NNRTI (efavirenz or nevirapine); and patients
were censored when they died, left the medical insurance
scheme, switched to PI-based ART, or reached the end of the
study period. We performed a secondary analysis exploring
incident diabetes within the first ART regimen only. For this
analysis we included 2 additional reasons for censoring: NRTI
or NNRTI substitution. We explored the effect of including
calendar year in the multivariate model. We performed the
following sensitivity analyses: we controlled for the competing
risk of death, we constructed a model excluding patients
virologically suppressed at baseline.

The proportional hazards assumption was verified by
testing interaction effects of analysis time with baseline vari-
ables (a¼ 0.05), and graphically in each imputed dataset via
log–log plots, amongst others. We performed model selection
using the Akaike Information Criterion (AIC) after multiple
imputation.19,22–24

Ethics
The study protocol was reviewed and approved by the

University of Cape Town Faculty of Health Sciences Human
Research Ethics committee.

RESULTS
Between January 2002 and June 2011, 62,467 patients

commenced ART in the AfA program, of whom 56,298 patients
met our inclusion and exclusion criteria (Figure 1) and were
included in the analysis. The demographic and clinical charac-
teristics of patients are given in Table 1. Results from the
multiple imputations for missing covariates are shown in
Table 2. Median follow-up was 1.56 years (interquartile range
(IQR): 0.71–2.79 years), 21.7% of patients were followed up
for 3 or more years.

We identified new onset diabetes in 1500 (2.66%) patients
over 113,297 patient-years of follow-up (PYFU), giving a crude

Medicine � Volume 95, Number 9, March 2016
incidence of 13.24 cases per 1000 PYFU (Figure 2). There
were 17 pregnancy-associated diabetic events, which were not
included as cases of incident diabetes. Exposure to diabetogenic
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TABLE 1. Cohort Description

Whole Cohort Efavirenz-Containing ART Nevirapine-Containing ART

Number of patients 56,298 46,666 9632
Age (yr)

Median (IQR) 38.14 (33.15–44.26) 39.1 (34.1–45.17) 34.05 (29.99–38.65)
Sex

Male 20,224 (35.92) 18,822 (40.33%) 1402 (14.55%)
Female 36,074 (64.08) 27,844 (59.67%) 8230 (85.44%)

Race
Asian 148 (0.26%) 126 (0.27%) 22 (0.23%)
Black 53,270 (94.62%) 44,179 (94.67%) 9091 (94.38%)
Mixed 768 (1.36%) 628 (1.35%) 140 (1.45%)
White 989 (1.76%) 825 (1.77%) 164 (1.7%)
Not reported 1123 (1.99%) 908 (1.95%) 215 (2.23%)

Nucleoside reverse transcriptase inhibitor
(initial regimen containing)
Zidovudine 26,917 (47.81%) 25,329 (54.28%) 1588 (16.49%)
Stavudine 22,465 (39.9%) 16,002 (34.29%) 6463 (67.1%)
Other 6916 (12.28%) 5335 (11.43%) 1581 (16.41%)

Exposure to other diabetogenic drugs 22,780 (40.46%) 19,137 (41.01%) 3643 (37.82%)
Baseline height (m)

Median (IQR) 165 (160–170) 165 (160–170) 163 (158–168)
Missing 19,033 (33.81%) 15,390 (32.98%) 3643 (37.82%)

Baseline weight (kg)
Median (IQR) 68 (60–79) 68 (60–79) 70 (62–81)
Missing 15,042 (26.72%) 12,349 (26.46%) 2693 (27.96%)

Baseline body mass index (kg/m2)
Median (IQR) 25.06 (21.97–29.00) 24.82 (21.80–28.69) 26.52 (23.14–30.49)
Missing 23,178 (41.17%) 18,776 (40.23%) 4402 (45.7%)

Baseline CD4 count (cells/ml)
Median (IQR) 181 (88–280) 176 (81–277) 201 (121–306)
Missing 948 (1.68%) 769 (1.65%) 179 (1.86%)

Baseline log viral load (copies/ml)
Median (IQR) 4.78 (3.66–5.37) 4.87 (3.86–5.43) 4.35 (2.59–5.03)
Missing 3464 (6.15%) 2845 (6.1%) 619 (6.43%)

Follow-up time (yr)
Median (IQR) 1.56 (0.71–2.79) 1.50 (0.67–2.69) 1.90 (0.93–3.34)

Patient years 113,297 89,915 23,382
3 or more years of NNRTI exposure 21.70% 29.86% 20.66%
Reason for censoring

Diabetes 1500 (2.66%) 1257 (2.69%) 243 (2.52%)
Switch to PI 3706 (6.58%) 2778 (5.95%) 928 (9.63%)
Study end 40,785 (72.44%) 34,186 (73.26%) 6599 (68.51%)
Death 1774 (3.15%) 1488 (3.19%) 286 (2.97%)
Left scheme 8533 (15.16%) 6957 (14.91%) 1576 (16.36%)

Crude diabetes incidence
Events/1000 patient years 13.24 13.98 10.39

nnu
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medicines occurred in 19,137 (41.01%) of patients taking
efavirenz and 3643 (37.82%) of patients taking nevirapine.
The Kaplan Meier analysis of incident diabetes in efavirenz
versus nevirapine-containing regimens is shown in Figure 2.

The results of the Cox proportional hazard regression
analyses, including univariate and multivariate analyses and
model selection, are shown in Table 3. Efavirenz-containing
ART was associated with a higher risk of developing new-onset

ART¼ antiretroviral therapy, IQR¼ interquartile range, NNRTI¼ no
diabetes than nevirapine-containing ART, adjusted hazard ratio
(HR) 1.27 (95% confidence interval (CI): 1.10–1.46). Zidovu-
dine and stavudine-containing NRTI backbones, older age at

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
baseline, elevated baseline BMI, and exposure to diabetogenic
medication were also associated with an increased risk of
developing diabetes. We found no association between baseline
CD4 and an increased risk of diabetes.

The results of the Cox proportional hazard regression
analyses where we censored patients at the time of first
drug switch are shown in Table 4; reasons for censoring
for this analysis are shown in Supplementary Table 1, http://

cleoside reverse transcriptase inhibitor, PI¼ protease inhibitor.
links.lww. com/MD/A736. The estimated HRs of the variables
remained similar after model averaging, confirming the stability
of our findings.25 These findings did not differ from the
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regression model with updated regimen (censoring at the point
of change to second line regimens). Adding calendar year to the
model did not change the associations observed (Supplementary
Table 2, http://links.lww.com/MD/A736). Findings did not
change when we accounted for competing risk (Supplementary
Table 3, http://links.lww.com/MD/A736). Excluding patients
with suppressed baseline VLs attenuated the effect of efavirenz

FIGURE 1. Participant selection and exclusion criteria.
on incident diabetes somewhat: adjusted HR 1.16; 95% CI:

0.99–1.36 (Supplementary Table 4, http://links.lww.com/MD/
A736).

DISCUSSION

We found efavirenz use to be associated with a signifi-

cantly higher incidence of diabetes than nevirapine in a large
cohort of South African patients. To the best of our knowledge,

4 | www.md-journal.com
this is the first cohort study to show an increased risk of diabetes
from efavirenz use in first-line ART. We also found that the
NRTIs stavudine and zidovudine were associated with an
increased incidence of diabetes. These findings have important
implications for LMICs, which are facing a burgeoning diabetes
epidemic, as efavirenz is the preferred NNRTI in first-line ART,
zidovudine is recommended in second line ART, and many
people are still taking stavudine, even though it is no longer
recommended by the WHO.8

HIV-infected patients have an estimated 4-fold greater
relative risk of developing diabetes than the HIV-uninfected
population.26 We found a crude incidence of diabetes of 13.24
per 1000 PYFU, which is at the upper end of the range reported

from cohort studies in high income countries (4.2–14.1 per
1000 PYFU).2,26–28 Factors contributing to the increased risk of
diabetes in people with HIV include insulin resistance due to

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Results of Imputation for Baseline Variables With Missing Data

Total Cohort
(n¼ 56,298)

Efavirenz-Containing ART
(n¼ 46,666)

Nevirapine-Containing ART
(n¼ 9632)

Variable Mean (95% CI) Mean (95% CI) Mean (95% CI)

Height (m)
Before imputation 164.93 (164.84–165.03) 165.25 (165.18–165.31) 163.14 (162.92–163.35)
After imputation 164.74 (164.64–164.85) 165.14 (165.05–165.23) 163.07 (162.88–163.26)

Weight (kg)
Before imputation 70.34 (70.18–70.51) 69.88 (69.72–70.03) 72.81 (72.39–73.23)
After imputation 70.14 (69.97–70.30) 69.80 (69.62–69.97) 71.59 (71.18–72.00)

CD4 count (cells/ml)
Before imputation 215.82 (214.27–217.38) 208.77 (207.64–209.90) 254.44 (251.66–257.22)
After imputation 215.39 (214.41–216.38) 207.18 (206.12–208.25) 250.26 (247.83–252.69)

Viral load (copies/ml)
Before imputation 4.31 (4.30–4.33) 4.39 (4.38–4.40) 3.88 (3.86–3.90)
After imputation 4.32 (4.31–4.33) 4.38 (4.37–4.39) 3.92 (3.90–3.94)

Body mass index (kg/m2)
Before imputation 25.95 (25.89–26.01) 25.67 (25.62–25.72) 27.44 (27.31–27.56)
After imputation 25.93 (25.87–25.99) 25.68 (25.61–25.75) 27.00 (26.86–27.14)
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the chronic inflammatory response to HIV infection,29 which
persists despite effective ART29,30 and the effects of certain
antiretroviral drugs. Our finding that the NRTIs stavudine and
zidovudine were both associated with an increased incidence of
diabetes has previously been reported.2,31 NRTI’s inhibit the
enzyme DNA polymerase-g, responsible for mitochondrial
replication. The dysregulation of mitochondrial function in
different compartments of the body results in various clinical
manifestations of NRTI toxicity, including insulin resistance
and diabetes.32–34 In a prior cross sectional study we found an
increased risk of dysglycemia in South African patients taking
efavirenz compared with those taking nevirapine, but there were
insufficient numbers of cases of diabetes for analysis.14 A small

ART¼ antiretroviral therapy, CI¼ confidence interval.
case–control study from Botswana suggested an association
between efavirenz use and diabetes.35 Randomized controlled
trials showed significantly higher serum glucose concentrations

FIGURE 2. Kaplan–Meier analysis of incident diabetes.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
in participants in the efavirenz arms than the following com-
parator antiretroviral drugs: nevirapine,13 abacavir,13 atazana-
vir,11 atazanavir–ritonavir,9 and raltegravir.12

The mechanism by which efavirenz mediates insulin
resistance and diabetes is unknown. Possible mechanisms
include mitochondrial toxicity36 and toxic effects on adipocytes
and increased rates of lipoatrophy.37,38 Efavirenz causes hepatic
mitochondrial toxicity36 and induces hepatocyte endoplasmic
reticulum stress leading to activation of the unfolded protein
response, and apoptosis.39,40 Efavirenz mediates mitochondrial
toxicity via various mechanisms. Firstly, efavirenz directly
inhibits Complex I of the electron transport chain, resulting
in a markedly reduced mitochondrial transmembrane potential,
thus compromising oxidative phosphorylation and ATP gener-
ation.41–43 Secondly, efavirenz reduces complex IV (COIV)
mRNA (a marker gene of mitochondrial function), and impairs
mitochondrial function in adipocytes.44 Furthermore, efavirenz-
associated mitochondrial dysregulation in adipose tissue causes
impaired adipogenesis, increased lipolysis, and release of free
fatty acids and inflammatory cytokines.44 The increased release
of fatty acids due to adipocyte mitochondrial toxicity are
thought to impair muscle and liver insulin sensitivity, leading
to insulin resistance and diabetes mellitus.45–51 In addition to its
mitochondrial toxicity, efavirenz has been shown to reduce the
secretion of adiponectin (an insulin-sensitizing, antidiabetic
adipokine) by adipocytes.44 We hypothesize that impairment
of mitochondrial bioenergetics and toxicity to adipocytes con-
tributes to the development of diabetes in patients on efavirenz.
By contrast, nevirapine does not appear to exert mitochondrial
toxicity.37,44

Our group have demonstrated a positive correlation
between plasma efavirenz concentrations and both fasting
and 2-hour glucose concentrations after oral glucose tolerance
tests in South African patients.52 People of African origin are
more likely to be genotypic ‘‘slow metabolizers’’ of efavirenz,

which results in elevated efavirenz plasma concentrations, than
people of European descent (20% and 3%, respectively).53

Therefore efavirenz may have a larger diabetogenic effect in
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TABLE 3. Univariate, Multivariate, and Model Selection Results for the Cox Regression Model of Associations With Incident
Diabetes

Univariate Multivariate

Variable Category HR (95% CI) P HR (95% CI) P Model Selection (AIC)

Nonnucleoside reverse
transcriptase inhibitor

Efavirenz
Nevirapine

1.40 (1.22–1.60)
Referent

<0.001 1.27 (1.10–1.47)
Referent

0.001 1.27 (1.10–1.46)
Referent

Nucleoside reverse
transcriptase inhibitor

Zidovudine
Stavudine

1.30 (1.15–1.46)
1.53 (1.32–1.78)

<0.001
<0.001

1.35 (1.19–1.52)
1.60 (1.38–1.87)

<0.001
<0.001

1.37 (1.21–1.54)
1.64 (1.41–1.91)

Other Referent Referent Referent
Exposure to other

diabetogenic drugs
1.68 (1.51–1.86) <0.001 1.53 (1.37–1.70) <0.001 1.53 (1.38–1.71)

Baseline age (yr) 19–24 0.35 (0.20–0.60) <0.001 0.47 (0.27–0.81) 0.007 0.46 (0.27–0.80)
25–34 0.64 (0.56–0.73) <0.001 0.71 (0.62–0.82) <0.001 0.71 (0.62–0.81)
35–44 Referent Referent Referent
45–54 1.50 (1.33–1.70) <0.001 1.38 (1.21–1.56) <0.001 1.36 (1.20–1.54)
�55 1.86 (1.50–2.31) <0.001 1.64 (1.32–2.04) <0.001 1.57 (1.26–1.95)

Sex Male 1.41 (1.27–1.56) <0.001 1.47 (1.32–1.64) <0.001 1.44 (1.29–1.61)
Female Referent Referent Referent

Baseline body mass index
(BMI) quartile (kg/m/m)

10–17
18–24

0.38 (0.23–0.63)
0.65 (0.58–0.74)

0.001
<0.001

0.33 (0.19–0.56)
0.61 (0.53–0.69)

0.001
<0.001

0.32 (0.19–0.55)
0.60 (0.53–0.69)

25–34 Referent Referent Referent
35þ 1.45 (1.16–1.81) 0.002 1.58 (1.26–1.97) <0.001 1.58 (1.27–1.97)

Baseline CD4 count (cells/ml) 0–199 1.04 (0.92–1.17) 0.534 1.08 (0.95–1.23) 0.220
200–349 Referent Referent Excluded by AIC
350þ 1.25 (1.06–1.47) 0.007 1.10 (0.91–1.34) 0.324

Baseline viral load (copies/ml) 0–999 1.31 (1.14–1.51) <0.001 1.24 (1.05–1.47) 0.011 1.28 (1.11–1.47)
1000–99,999 Referent Referent Referent
100,000–999,999 1.07 (0.95–1.21) 0.261 1.03 (0.91–1.16) 0.674 1.03 (0.91–1.17)
�1,000,000 1.15 (0.89–1.48) 0.285 1.15 (0.89–1.49) 0.278 1.14 (0.89–1.48)

Drug switches within first-line regimen included in the model, with censoring at switch to second line therapy. All results are based on multiple
imputations.

AIC¼Akaike Information Criterion, CI¼ confidence interval, HR¼ hazard ratio.
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Africans, which may explain why, in contrast with our findings,
studies from high income countries have not found an associ-
ation between efavirenz and diabetes.

Our finding that increasing age, and male sex were associ-
ated with an increased risk of diabetes is consistent with
findings of other studies.2,29,54–59 We could not show any
association between baseline CD4 count and diabetes, which
is similar to that reported by a French cohort,27 but other studies
have found an increased risk of diabetes with lower CD4
counts.29,54 We found an association between the lowest stra-
tum of baseline VL and an increased relative risk for developing
diabetes, but no association with higher VL strata. The French
cohort reported no association between VL and diabetes.27 In
contrast, other studies have found an association between high
VLs and diabetes.29,58 The association we observed between
low baseline VLs and increased risk of diabetes may be
attributed to the inclusion of patients already on undisclosed
ART on entry to the AfA program.

Our study has limitations. We had missing baseline data,
notably of BMI. However, we imputed missing data, which are
known to be superior to using complete case analysis.60,61 ART

exposure may have occurred before commencing ART within
the AfA program and there were 18.8% of patients with a
suppressed VL at baseline, which is likely due to undisclosed

6 | www.md-journal.com
ART use. We identified incident diabetes based on initiation of
diabetes therapy as the results of plasma glucose or glycated
hemoglobin are not captured in the database. We will therefore
have missed cases of diabetes that were only treated with
lifestyle modifications. As patients were not routinely screened
for diabetes at the time of ART initiation, some patients may
have entered the cohort with undiagnosed diabetes. We could
not adjust for weight changes during follow-up in our analyses,
as weight is only recorded at baseline. A strength of our study is
that we adjusted for the concurrent use of diabetogenic medi-
cation in the multivariate model, which was associated with a
53% increase in the relative risk of diabetes.

In conclusion, we found that exposure to efavirenz, stavu-
dine, and zidovudine was associated with an increased incidence
of diabetes. Although the increased risk of diabetes with these
antiretrovirals was relatively modest, the large African patient
population exposed to ART for prolonged periods means that our
finding has important public health implications. While screening
for diabetes should be increased in people on long-term ART,
consideration should be given to using antiretrovirals with less
risk of metabolic complications. Further studies to confirm the

association of efavirenz and risk of diabetes should be conducted
in LMICs, and the molecular mechanisms of efavirenz-induced
dysglycemia need further investigation.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 4. Univariate, Multivariate, and Model Selection Results for the Cox Regression Model of Associations With Incident
Diabetes (Censored at First Ever Drug Switch)

Univariate
Multivariate

(Rubins Rule)
Model Selection

(AIC)

Variable Category HR (95% CI) P HR (95% CI) P HR (95% CI)

Nonnucleoside reverse
transcriptase inhibitor

Efavirenz
Nevirapine

1.38 (1.18–1.60)
Referent

<0.001 1.26 (1.07–1.49)
Referent

0.005 1.33 (1.13–1.56)
Referent

Nucleoside reverse
transcriptase inhibitor

Zidovudine
Stavudine

1.34 (1.17–1.54)
1.62 (1.37–1.90)

<0.001
<0.001

1.39 (1.21–1.60)
1.67 (1.41–1.98)

<0.001
<0.001

1.57 (1.37–1.80)
1.96 (1.66–2.32)

Other Referent Referent Referent
Exposure to other

diabetogenic drugs
1.68 (1.50–1.88) <0.001 1.52 (1.36–1.71) <0.001 1.50 (1.34–1.69)

Baseline age (yr) 19–24 0.39 (0.22–0.69) 0.001 0.53 (0.30–0.94) 0.031 0.52 (0.29–0.93)
25–34 0.63 (0.55–0.73) <0.001 0.71 (0.61–0.82) <0.001 0.70 (0.60–0.81)
35–44 Referent Referent Referent
45–54 1.49 (1.30–1.70) <0.001 1.37 (1.20–1.57) <0.001 1.36 (1.19–1.56)
�55 1.89 (1.50–2.37) <0.001 1.69 (1.34–2.13) <0.001 1.61 (1.28–2.03)

Sex Male 1.40 (1.25–1.56) <0.001 1.48 (1.31–1.67) <0.001 1.47 (1.30–1.66)
Female Referent Referent Referent

Baseline body mass
index (kg/m2)

10–17
18–24

0.40 (0.23–0.71)
0.65 (0.53–0.81)

0.004
0.001

0.35 (0.19–0.63)
0.61 (0.48–0.76)

0.002
0.001

0.35 (0.19–0.62)
0.61 (0.48–0.76)

25–34 Referent Referent Referent
35þ 1.44 (1.14–1.82) 0.004 1.57 (1.24–1.98) <0.001 1.58 (1.25–1.99)

Excluded by AIC
Baseline CD4 count

(cells/ml)
0–199
200–349

1.06 (0.93–1.21)
Referent

0.415 1.11 (0.97–1.27)
Referent

0.136

350þ 1.32 (1.11–1.57) 0.001 1.11 (0.91–1.36) 0.307
Baseline viral load

(copies/ml)
0–999
1000–99,999

1.35 (1.17–1.57)
Referent

<0.001 1.27 (1.06–1.53)
Referent

0.010 1.27 (1.09–1.48)
Referent

100,000–999,999 1.03 (0.90–1.18) 0.653 0.99 (0.86–1.13) 0.841 1.00 (0.87–1.14)
�1,000,000 1.15 (0.88–1.50) 0.311 1.15 (0.88–1.50) 0.320 1.15 (0.88–1.50)

haz
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