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Abstract

Background

Highly active antiretroviral therapy (HAART) has been associated with dysglycaemia. How-

ever, there is scarce data on the risk of developing diabetes mellitus (DM) in HIV/AIDS

patients in Africa.

Objectives

Primarily to quantify and compare the risk of having diabetes mellitus in HIV/AIDS patients

on HAART and HAART-naïve patients in Limbe, Cameroon; and secondarily to determine if

there is an association between HAART and increased DM risk.

Methods

A cross-sectional study was conducted at the Limbe Regional Hospital HIV treatment center

between April and June 2013, involving 200 HIV/AIDS patients (100 on first-line HAART

regimens for at least 12 months matched by age and gender to 100 HAART-naïve patients).

The Diabetes Risk Score (DRS) was calculated using a clinically validated model based on

routinely recorded primary care parameters. A DRS� 7% was considered as indicative of

an increased risk of developing DM.

Results

The median DRS was significantly higher in patients on HAART (2.30%) than in HAART-

naïve patients (1.62%), p = 0.002. The prevalence of the increased DM risk (DRS� 7%)

was significantly higher in patients on HAART, 31% (95% CI: 22.13–41.03) than in HAART-
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naïve patients, 17% (95% CI: 10.23–25.82), p = 0.020. HAART was significantly associated

with an increased DM risk, the odds ratio of the HAART group compared to the HAART-

naïve group was 2.19 (95% CI: 1.12–4.30, p = 0.020). However, no association was found

after adjusting for BMI-defined overweight, hypertension, age, sex, family history of DM and

smoking (Odds ratio = 1.22, 95% CI: 0.42–3.59, p = 0.708). Higher BMI and hypertension

accounted for the increased risk of DM in patients on HAART. Also, more than 82% of the

participants were receiving or had ever used Zidovudine based HAART regimens.

Conclusion

HIV/AIDS patients on HAART could be at a greater risk of having DM than HAART-naïve

patients as a result of the effect of HAART on risk factors of DM such as BMI and blood

pressure.

Introduction
Highly active antiretroviral therapy (HAART) has greatly reduced the morbidity and mortality
of HIV-infected patients [1]. However, several studies have found an association between
HAART and metabolic complications such as dyslipidemia, dysglycaemia and diabetes melli-
tus (DM) [2–8]. Though few, some studies in Africa found no association between HAART
and dysglycaemia [9,10]. In Cameroon specifically, HAART duration was not found to signifi-
cantly affect glucose metabolism [11]. These findings may suggest that subjects of African
descent may be less prone to developing HAART-related abnormalities of glucose metabolism.

However, it is critical to understand whether increased DM rates in patients on HAART as
found in previous studies [4,6–8] are causally associated to HAART and/or its effect on the risk
factors of diabetes. Many studies have assessed the association between HAART and Insulin
resistance, dysglycaemia or diabetes, but few have quantified the risk of developing diabetes by
assessing its traditional risk factors. A quantification of this risk of developing diabetes is there-
fore important because it can help identify individuals at risk, given that DM is often missed
until complications set in.

In Cameroon, we found no study that assessed the risk of developing diabetes in HIV/AIDS
patients. We therefore conducted this study which had as objectives to: 1. compare the median
Diabetes Risk Score in patients on HAART and HAART-naïve patients at the Limbe Regional
Hospital (LRH); 2. compare the prevalence of an increased risk of diabetes (DRS� 7%)
between patients of these two groups; 3. determine if there is an association between increased
DM risk and HAART. We hypothesized that the median DRS and the prevalence of an
increased risk of DM could be higher in patients on HAART than in HAART-naïve patients.

Methods

Study design, period and setting
This is a secondary data analysis of the hospital-based cross-sectional study that assessed the
association between HAART and hypertension (HTN) in HIV/AIDS patients at the HIV treat-
ment centre of the Limbe Regional Hospital. The Limbe Regional Hospital (LRH) is a
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second-level referral hospital in the South West Region of Cameroon. Participants were
enrolled over a period of 3 months (8th April 2013 to 21st June 2013).

Participants and sampling
The study population was made up of 200 HIV/AIDS patients receiving longitudinal care at
the HIV treatment center of the LRH between April 2013 and June 2013. These participants
were: A group of 100 HIV/AIDS patients who had never received HAART (HAART-naïve)
randomly sampled from the HIV/AIDS patients attending the LRH during the study period;
and another group of 100 HIV/AIDS patients on HAART selected by consecutive convenient
sampling matched by age and gender to the HAART-naïve group. As selection criteria, we
included patients aged 21 years and above who gave a written consent to take part in the study
and we excluded patients with a self-reported history of DM and a self-reported use of antidia-
betic medications.

Study procedures and Variables
All participants were subjected to a face-to-face interview and a physical examination. Data
was collected using a standardized questionnaire. Information on socio-demographics, smok-
ing habit, use of anti-hypertensive medication, use of steroids, family history of DM, CD4 cell
count (within past 6 months), duration of HIV infection and HAART use were obtained both
from the interviews and the patients’medical records.

The physical examination entailed measurement of height, weight, body mass index (BMI),
waist and hip circumferences, waist-to-hip ratio (WHR) and the blood pressure (BP).

Primary data from the principal study assessing the association between HAART and
hypertension was used to calculate the DRS. The DRS is a simple validated score, measured
from characteristics and factors that are routinely recorded in primary care. As shown on
Table 1, the DRS was calculated for each subject by entering the following variables into the
equation of the Diabetes Risk Score model [12] at the Medscape website [13]: age, gender, use
of anti-hypertensive medication, use of steroids, history of smoking, family history of DM and
BMI. To minimize false negatives, we considered a DRS� 7% as indicative of an increased
risk of developing diabetes mellitus [14]. Griffin and colleagues found that a risk score thresh-
old of 8% had a 50% proportion of participants above the threshold with a sensitivity of 90.9%,
a specificity of 51.8% and positive and negative predictive values of 8.0% and 99.2% respec-
tively [12].

Data sources and Measurements
The use of anti-hypertensive medication and steroids, history of smoking and family history of
DM were based on the participants’ self-reports and their medical records. The mean BP value
of each participant was calculated as the average of two measurements taken on the right arm
in a sitting position using an electronic automated and clinically validated BP monitor (Omron
M2, HEM—7121—E) with a suitable sized cuff (22–34 cm), with at least 5 minute intervals of
rest between measurements. HTN was diagnosed according to the WHO criteria as systolic
BP� 140 mmHg and/or diastolic BP� 90 mmHg [15]. Weight (to the nearest 0.5 kg) was
measured using a scale (BRN 9311). Participants were permitted to keep on light clothing.
Height (in meters to the nearest 0.5cm) was measured using a stadiometer. Body mass index
(BMI) in kg/m2 was calculated as weight (kg)/[height (m) X height (m)]. BMI-defined over-
weight was considered as a BMI between 25 to 29.9 Kg/m2 and BMI-defined obesity as a
BMI� 30 Kg/m2. The WHR-defined abdominal obesity was considered as WHR> 0.9 in men
andWHR> 0.85 in women.
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Data management and data analysis
The data collected was entered into and analyzed using Epi Info version 7 statistical software
(CDC, Atlanta, USA). For objective 1, the median diabetes risk scores in each category were
compared using the Wilcoxon rank sum (Mann-Whitney) test. For objective 2, the preva-
lences of increased diabetes risk in each category were compared using a Chi-square test. For
objective 3, logistic regression was used to assess for the association between HAART and DM
risk while adjusting for risk factors. Multiple linear regression was also used to assess for the
association between HAART and the log DRS. A p-value< 0.05 was considered statistically
significant.

Ethical considerations
Ethical approval was granted by the Institutional Review Board of the Faculty of Health Sci-
ences of the University of Buea and administrative authorization by the regional delegate of
public health South West region and the director of the LRH. Participants were exposed to
minimal risk since all measurements done were non-invasive. Confidentiality, anonymity and
privacy of all participants were guaranteed at all levels of this study.

All participants provided a written informed consent to participate in the study, which was
approved by the Institutional Review Board of the Faculty of Health Sciences.

Table 1. Diabetes Risk Score assessed risk factors of diabetesmellitus type 2 and formula.

Risk Factors and categories Category values

Age (in Years) -

Gender

Male 0

Female -0.879

Treatment of HTN

No HTN medications 0

On HTN medications 1.222

Use of steroids

Not on steroids 0

On steroids 2.191

Family history of DM

No first degree family members with diabetes 0

Parent or sibling with diabetes mellitus 0.728

Parent and sibling with diabetes mellitus 0.753

History of smoking

Non-smoker 0

Used to smoke -0.218

Smoker 0.855

BMI (Kg/m2)

<25 0

25–27.49 0.699

27.5–29.99 1.97

� 30 2.518

Diabetes Risk Score = 100 / (1 + e (Terms)), where;

Terms = 6.322—Sex—Treatment of HTN—Use of Steroids–(0.063 * Age)–BMI—Smoker

doi:10.1371/journal.pone.0155560.t001
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Results

Socio-demographic and clinical characteristics of the study population
The Socio-demographic and clinical characteristics of the 200 participants are presented on
Table 2. Mean age, gender distribution, occupation and region of origin were similar in the
HAART group and the HAART-naïve group, except for marital status. The mean BMI, preva-
lence of BMI-defined overweight, duration of HIV infection and the mean CD4 cell count were
higher in the HAART group than in the HAART-naïve group, while the meanWHR and the
prevalence of WHR-defined abdominal obesity were similar in both groups. All the partici-
pants of the HAART group were on first-line antiretroviral therapy including drugs of the
NRTI and NNRTI classes and some participants had received more than one first-line antire-
troviral regimen. The mean duration of HAART was 58.6±28.5 months. Table 3 shows the
HAART regimens and the respective number of participants who ever used them since their
initiation of treatment.

Diabetes Risk Score, prevalence of the increased DM risk and risk
factors assessed
Table 4 summarizes the median diabetes risk score, prevalence of increased risk of diabetes and
the risk factors assessed. The median Diabetes Risk Score was significantly higher in patients

Table 2. Socio-demographic and clinical characteristics of the participants.

Characteristic All participants(n = 200) HAART group(n = 100) HAART-naïvegroup (n = 100) P-valuea

Age (mean ± SD, in years) 39.1±9.4 40.2±8.0 38.0±10.6 0.106

Females, n (%) 140 (70%) 70 (70%) 70 (70%) 1.000

Married, n (%) 89 (44.5%) 52 (52%) 37 (37%) 0.033

Unskilled occupation, n (%) 26 (13%) 12 (12%) 14 (14%) 0.884

North west region, n (%) 88 (44%) 46 (46%) 42 (42%) 0.850

BMIb (mean ± SD, Kg/m2) 24.1±2.9 24.8±2.8 23.5±2.8 0.002

BMI-defined overweight(prevalence, %) 40.5% 50% 31% 0.006

WHRc (mean ± SD) 0.86±0.06 0.86±0.07 0.85±0.06 0.333

WHR-defined abdominal obesity (prevalence, %) 44.5% 46% 43% 0.669

Duration of HIV infection (mean ± SD, in months) 34.7±39.2 66.5±30.9 2.9±8.9 < 0.001

CD4 cell count (mean ± SD, cells/μL) 308±237 501±225 197±160 < 0.001

a P-values for statistical tests comparing variables of the HAART and HAART-naïve groups
bBMI—Body Mass Index measured in Kilograms per meters squared (BMI-defined overweight defined as BMI > 25 Kg/m2).
cWHR—Waist-to-hip ratio. (WHR-defined abdominal obesity defined as WHR > 0.9 in men and WHR > 0.85 in women).

doi:10.1371/journal.pone.0155560.t002

Table 3. Antiretroviral regimens used by the participants.

Antiretroviral therapy regimens Participants who ever used the regimen

Zidovudine + Lamivudine + Nevirapine 82 (82%)

Tenofovir + Lamivudine + Nevirapine 65 (65%)

Stavudine + Lamivudine + Nevirapine 53 (53%)

Zidovudine + Lamivudine + Efavirenz 15 (15%)

Tenofovir + Lamivudine + Efavirenz 9 (9%)

Tenofovir + Emcitrabine + Nevirapine 2 (2%)

Tenofovir + Emcitrabine + Efavirenz 1 (1%)

doi:10.1371/journal.pone.0155560.t003
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on HAART (2.30%, IQR: 1.13–8.28) than in HAART-naïve patients (1.62%, IQR: 0.58–4.06),
p = 0.002. The prevalence of the increased DM risk (DRS� 7%) was significantly higher in
patients on HAART, 31% (95% CI: 22.13–41.03%) than in HAART-naïve patients, 17% (95%
CI: 10.23–25.82%), p = 0.020. There was a similar history of smoking in both groups but the
HAART group was found to have a higher prevalence of patients with HTN and on anti-hyper-
tensive medications than the HAART-naïve group (p = 0.03). Also, patients of the HAART
group were found to be more overweight than patients of the HAART-naïve group (p = 0.016).
There was no significant difference in the reported family history of DM amongst the two
groups, and no group reported use of steroids.

Association between the DRS, increased DM risk and HAART
In univariate analyses, being on HAART was significantly associated with an increased risk of
DM, the odds ratio of the HAART group compared to the HAART-naïve group was 2.19 (95%
CI: 1.12–4.30, p = 0.020) (Table 5). Using logistic multivariable regression, we adjusted for
BMI-defined overweight, hypertension, age, sex, family history of DM and smoking. HAART
was no more significantly associated with increased risk of DM, the adjusted odds ratio com-
paring the HAART group to the HAART-naïve group being 1.22 (95% CI: 0.42–3.59,

Table 4. Median andmean Diabetes Risk Score, prevalence of Increased DM risk and assessed risk factors of diabetes.

Parameter All participants (n = 200) HAART group (n = 100) HAART-naïve group (n = 100) P-valuea

DRS (%)

Median (%) 1.99 2.30 1.62 0.002b

IQRc (%) 0.15–6.40 1.13–8.28 0.58–4.06

Increased DM risk (DRS � 7)

Prevalence, n (%) 48 (24%) 31 (31%) 17 (17%) 0.020

95% CI, (%) 18.26–30.53 22.13–41.03 10.23–25.82

History of smoking

Smoker 3 (1.5%) 2 (2%) 1 (1%) 0.844

Used to smoke 8 (4%) 4 (4%) 4 (4%)

Non-smoker 189 (94.5%) 94 (94%) 95 (95%)

Treatment of HTN

No HTN medications 143 (71.5%) 62 (62%) 81 (81%) 0.003

On HTN medications 57 (28.5%) 38 (38%) 19 (19%)

BMI (Kg/m2)

<25 119 (59.5%) 50 (50%) 69 (69%) 0.016

25–27.49 50 (25%) 29 (29%) 21 (21%)

27.5–29.99 31 (15.5%) 21 (21%) 10 (10%)

Family history of DM

No first degree family members with diabetes 189 (94.5%) 91 (91%) 98 (98%) 0.055

Parent or sibling with diabetes mellitus 11 (11%) 9 (9%) 2 (2%)

Use of steroidsd

Not on steroids 200 (100%) 100 (100%) 100 (100%) -

On steroids 0 (0%) 0 (0%) 0 (0%)

a P-value for Chi-square test comparing the HAART and HAART-naïve groups
bP-value for Wilcoxon rank sum (Mann-Whitney) test comparing the HAART and HAART-naïve groups
cIQR—Interquartile range
dNo participant reported using steroids

doi:10.1371/journal.pone.0155560.t004
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p = 0.708) (Table 5). The DRS was log-transformed and a multiple linear regression model
used to assess the association between the log DRS and HAART use while adjusting for BMI-
defined overweight, hypertension, age, sex, family history of DM and smoking. We had a
regression coefficient of 0.031 (p value = 0.710) and a correlation coefficient of 0.82.

Discussion
In this study, we quantified and compared the risk of diabetes in HIV/AIDS patients on
HAART and HAART-naïve patients by assessing the traditional risk factors of DM. We also
assessed if HAART use was associated with an increased risk of having DM. We found that this
risk is significantly higher in patients on HAART than in HAART-naïve patients.

Incidence rates of DM as high as 5–14 cases per 1000 person years of follow up have been
reported in HIV/AIDS patients after initiation of HAART [4,16]. These alarming rates draw
particular attention because multiple high-risk conditions and cardiovascular disease have
been found to have worsened clinical outcomes in HIV/AIDS patients having DM as co-mor-
bidity [5]. Hence early identification of patients at risk of DM is of utmost importance. Even
though we found no study that quantified and compared the risk of having diabetes in these
patients using the DRS, a Norwegian study had results similar to ours using the Framingham
risk score [17]. This study found a higher Framingham risk score and mean estimated risk of
cardiovascular heart disease in patients on HAART than in HAART-naïve patients, even
though the Framingham risk score has been reported to be a less accurate predictor of DM
than the metabolic syndrome [18].

The median DRS were significantly higher in patients on HAART than in HAART-naïve
patients. Likewise, the prevalence of the increased risk of having diabetes (DRS� 7) was more
elevated in the patients on HAART. This means that our patients on HAART were more likely
to end up having diabetes. This finding is supported by that of previous studies that reported
an elevated prevalence of DM in HIV/AIDS patients receiving treatment [4,6]. Patients on
HAART had a longer duration of HIV infection. It has been suggested that HIV infection
could contribute to insulin resistance and consequently diabetes [5,19,20]. One of the proposed
mechanisms through which HIV infection affects glycaemia is through the generalized inflam-
mation with up-regulation of chemokines involved in insulin regulation [5]. However, dura-
tion of HIV infection was not one of the factors used in assessing the risk of diabetes in these
participants. As such the difference in the duration of HIV infection between these two groups
is less likely to explain the observed higher risk of DM in the patients on HAART over the
HAART-naïve ones. The role of the traditional risk factors of DM in the development of DM
however remains significant [5]. For the risk factors used to quantify the DRS in our study,
there was no significant difference between both groups of patients in terms of the age, sex,
family history of DM and smoking history. However, the patients on HAART were more
hypertensive with higher body mass indices. Our findings could mean that HAART affects
some risk factors such as BMI [4,21] and blood pressure [11,22–25] which predispose to having

Table 5. Increased DM risk odds ratios comparing HAART and HAART-naive patients.

Factor and categories Odds ratio 95% confidence interval P-value

HAART / HAART-naive 2.19 1.12–4.30 0.020

HAART / HAART-naive 1.22a 0.42–3.59 0.708b

a Adjusted for age, sex, HTN, BMI-defined overweight, and family history of DM
bP value corresponding to the Z-statistic using the Wald test

doi:10.1371/journal.pone.0155560.t005
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diabetes. Dave and colleagues assessed the effect of non-nucleoside reverse transcriptase inhibi-
tors on glycaemia and found that BMI and waist circumference in HIV/AIDS patients
increased as duration on HAART increased [10]. This was also observed in the Data Collection
on Adverse Events of Anti-HIV Drugs (D:A:D) Study [4], a large cohort of HIV-infected
patients followed-up for several years to determine the association between antiretroviral ther-
apy and cardiovascular disease risk. BMI could increase because of the redistribution of body
fat/visceral fat accumulation and body shape changes that occur after initiation of antiretroviral
therapy. This increase in BMI has been associated with DM [16,20], most probably through
mechanisms involving insulin resistance. Blood pressure was also found to increase as the
duration on HAART increased [11], with persistently higher prevalences of HTN observed in
patients on HAART compared to HAART-naïve patients [22–25]. Several mechanisms for
HAART-induced elevated blood pressure values have been proposed. One of these pathways is
the dyslipidemia induced by HAART that could affect blood pressure in the long run [26]. As
such patients on HAART could be found to have elevated blood pressure values, which have
been associated with DM. Our multivariable analyses found a significant association between
HAART use and DM risk, with patients on HAART having twice the odds of having an
increased risk of DM compared to their HAART-naïve counterparts. However, this association
was no longer significant after adjusting for hypertension, BMI, and other risk factors of DM.
Likewise HAART use was not found to be linearly associated to the log DRS after controlling
for the effect of these factors. This finding indicates that being overweight and having hyper-
tension could be the main contributors to the increased risk of diabetes in patients on HAART
over HAART-naïve patients in our study. Therefore HAART can either directly increase the
risk of insulin resistance through lipolysis, as earlier reported [27], or it could indirectly affect
the traditional risk factors of DM. Most of the participants had used more than one HAART
regimen, but Zidovudine, Lamivudine and Nevirapine combination was the regimen which
most of the participants were receiving or had ever received. This finding could as well support
the observed higher DM risk in the HAART group, since Zidovudine based HAART regimens
have been reported to be associated with DM [4,28]. However, we were not able to determine
the effect of the individual antiretroviral drugs on the DM risk since most participants had
received several regimens.

However, from this study, it may not be possible to identify all the contributors to the higher
risk of DM in patients on HAART compared to HAART-naïve patients. DM in HIV/AIDS
patients is multifactorial in aetiology involving an interplay of the traditional risk factors of
DM, HAART and other disease-related factors [5,16]. On the other hand, similar prevalences
of DM in HAART and HAART-naïve patients have been reported in some studies [9,10]. In
the study by Manuthu and colleagues, participants on HAART had a higher prevalence of
hypercholesterolemia and high LDL cholesterol levels than HAART-naïve participants. Both
groups had similar prevalences of diabetes, impaired fasting glucose and impaired glucose tol-
erance [9]. However, in this study, more than half of the participants in the HAART group had
been on treatment for less than a year. This could partly explain why they found no difference
in the prevalence of DM between these two patient groups, since HAART often requires a lon-
ger period of time to bring about pronounced metabolic changes. Likewise, Dave and col-
leagues reported no significant difference in the prevalence of dysglycaemia between HAART
and HAART-naïve patients, but found an association between Efavirenz and dysglycaemia
[10]. Nevertheless, a recent study by Araujo and colleagues revealed possibly lower insulin
resistance with newer anti-retroviral regimens [20].

Our study is limited by potential bias from self-reports of the measured risk factors of diabe-
tes by participants. The study did not control for unmeasured potential confounders such as
dyslipidemia. Also, the DRS was designed based on a Caucasian study population and its
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applicability may be questioned in populations of a different ethnic background [29]. We
therefore recommend more studies that evaluate and quantify the risk of DM in HIV/AIDS in
different settings and with larger sample sizes.

In conclusion, our study found that HIV/AIDS patients on HAART are at a greater risk of
having DM than age and gender-matched HAART-naïve patients. Diabetes, as a consequence
of HAART or its traditional risk factors, should be diagnosed early enough in HIV/AIDS
patients since it could significantly increase their mortality and morbidity.

Acknowledgments
We thank all the participants of this study.

Author Contributions
Conceived and designed the experiments: CAD JA JCM AWGLM. Performed the experi-
ments: CAD. Analyzed the data: CAD JA. Contributed reagents/materials/analysis tools: CAD
JA. Wrote the paper: CAD JA GLM. Reviewed the manuscript: GLM JCM.

References
1. Palella FJ Jr, Delaney KM, Moorman AC, Loveless MO, Fuhrer J, Satten GA, et al. Declining morbidity

and mortality among patients with advanced human immunodeficiency virus infection.N Engl J Med.
1998; 338(13):853–60. PMID: 9516219

2. Carr A, Samaras K, Thorisdottir A, Kaufmann GR, Chisholm DJ, Cooper DA. Diagnosis, prediction, and
natural course of HIV-1 protease-inhibitor-associated lipodystrophy, hyperlipidaemia, and diabetes
mellitus: a cohort study. Lancet 1999 Jun 19;2093–9.

3. Murata H, Hruz PW, Mueckler M. The mechanism of insulin resistance caused by HIV protease inhibitor
therapy. J. Biol. Chem. 2000;20251–4. PMID: 10806189

4. 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 Jun;1224–9. doi: 10.2337/dc07-2013 PMID: 18268071

5. Hadigan C, Kattakuzhy S. Diabetes mellitus type 2 and abnormal glucose metabolism in the setting of
human immunodeficiency virus. Endocrinol Metab Clin North Am. 2014; 43(3):685–96. doi: 10.1016/j.
ecl.2014.05.003 PMID: 25169561

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(10):1179–84. PMID: 15911733

7. Samaras K. Prevalence and Pathogenesis of Diabetes Mellitus in HIV-1 Infection TreatedWith Com-
bined Antiretroviral Therapy. JAIDS J Acquir Immune Defic Syndr. 2009 Apr; 50(5):499–505. doi: 10.
1097/QAI.0b013e31819c291b PMID: 19223782

8. Rasmussen LD, Mathiesen ER, Kronborg G, Pedersen C, Gerstoft J, Obel N. Risk of diabetes mellitus
in persons with and without HIV: a Danish nationwide population-based cohort study. PLoS ONE Elec-
tron Resour. 2012; 7(9).

9. Manuthu EM, Joshi MD, Lule GN, Karari E. Prevalence of dyslipidemia and dysglycaemia in HIV
infected patients. East Afr Med J. 2008; 85(1):10–7. PMID: 18543521

10. 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 Afri-
can HIV-Infected Patients. JAIDS J Acquir Immune Defic Syndr. 2011; 57(4):284–9. doi: 10.1097/QAI.
0b013e318221863f PMID: 21602696

11. Ekali LG, Johnstone LK, Echouffo-Tcheugui JB, Kouanfack C, DehayemMY, Fezeu L, et al. Fasting
blood glucose and insulin sensitivity are unaffected by HAART duration in Cameroonians receiving
first-line antiretroviral treatment. Diabetes Metab. 2013 Feb; 39(1):71–7. doi: 10.1016/j.diabet.2012.08.
012 PMID: 23153435

12. Griffin SJ, Little PS, Hales CN, Kinmonth AL, Wareham NJ. Diabetes risk score: towards earlier detec-
tion of type 2 diabetes in general practice. Diabetes Metab Res Rev. 2000 Jun; 16(3):164–71. PMID:
10867715

13. Diabetes Risk Score (Type 2) Calculator [Internet]. [cited 2014 Nov 15]. Available from: http://reference.
medscape.com/calculator/diabetes-risk-score-type-2

The Diabetes Risk Score in HIV/AIDS Patients on Antiretroviral

PLOS ONE | DOI:10.1371/journal.pone.0155560 May 19, 2016 9 / 10

http://www.ncbi.nlm.nih.gov/pubmed/9516219
http://www.ncbi.nlm.nih.gov/pubmed/10806189
http://dx.doi.org/10.2337/dc07-2013
http://www.ncbi.nlm.nih.gov/pubmed/18268071
http://dx.doi.org/10.1016/j.ecl.2014.05.003
http://dx.doi.org/10.1016/j.ecl.2014.05.003
http://www.ncbi.nlm.nih.gov/pubmed/25169561
http://www.ncbi.nlm.nih.gov/pubmed/15911733
http://dx.doi.org/10.1097/QAI.0b013e31819c291b
http://dx.doi.org/10.1097/QAI.0b013e31819c291b
http://www.ncbi.nlm.nih.gov/pubmed/19223782
http://www.ncbi.nlm.nih.gov/pubmed/18543521
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://dx.doi.org/10.1016/j.diabet.2012.08.012
http://dx.doi.org/10.1016/j.diabet.2012.08.012
http://www.ncbi.nlm.nih.gov/pubmed/23153435
http://www.ncbi.nlm.nih.gov/pubmed/10867715
http://reference.medscape.com/calculator/diabetes-risk-score-type-2
http://reference.medscape.com/calculator/diabetes-risk-score-type-2


14. Diabetes UK—Check your risk of Type 2 diabetes [Internet]. [cited 2014 Nov 15]. Available from: http://
riskscore.diabetes.org.uk/2013#results

15. Khatib O, El-Guindy M. Clinical guidelines for the management of hypertension. Cairo.: World Health
Organisation Eastern, Mediterranean Regional office; 2005.

16. Capeau J, Bouteloup V, Katlama C, Bastard J-P, Guiyedi V, Salmon-Ceron D, et al. Ten-year diabetes
incidence in 1046 HIV-infected patients started on a combination antiretroviral treatment. AIDS. 2012
Jan; 26(3):303–14. doi: 10.1097/QAD.0b013e32834e8776 PMID: 22089377

17. Bergersen BM, Sandvik L, Bruun JN, Tonstad S. Elevated Framingham risk score in HIV-positive
patients on highly active antiretroviral therapy: results from a Norwegian study of 721 subjects. Eur J
Clin Microbiol Infect Dis. 2004; 23(8):625–30. PMID: 15322938

18. Wannamethee SG, Shaper AG, Lennon L, Morris RW. Metabolic syndrome vs Framingham Risk Score
for prediction of coronary heart disease, stroke, and type 2 diabetes mellitus. Arch Intern Med. 2005;
165(22):2644–50. PMID: 16344423

19. Warriner AH, Burkholder GA, Overton ET. HIV-related metabolic comorbidities in the current ART era.
[Review]. Infect Dis Clin North Am. 2014 Sep; 28(3):457–76. doi: 10.1016/j.idc.2014.05.003 PMID:
25151566

20. Araujo S, Banon S, Machuca I, Moreno A, Perez-Elias MJ, Casado JL. Prevalence of insulin resistance
and risk of diabetes mellitus in HIV-infected patients receiving current antiretroviral drugs. J Endocrinol.
2014 Nov; 171(5):545–54.

21. Flore NN. Morphological Changes in HIV-1 Infected Patients on Antiretroviral Therapy without Protease
Inhibitors in Cameroon: A Prospective Cohort Study. J.Med. Sci. 2012;131–40.

22. Muhammad S, Sani MU, Okeahialam BN. Cardiovascular disease risk factors among HIV-infected
Nigerians receiving highly active antiretroviral therapy.Nig Med J: J Nig Med Associat 2013; 185.

23. Gazzaruso C, Bruno R, Garzaniti A, Giordanetti S, Fratino P, Sacchi P, et al. Hypertension among HIV
patients: prevalence and relationships to insulin resistance and metabolic syndrome. J Hypertens.
2003; 21(7):1377–82. PMID: 12817187

24. Seaberg EC, Munoz A, Lu M, Detels R, Margolick JB, Riddler SA, et al. Association between highly
active antiretroviral therapy and hypertension in a large cohort of men followed from 1984 to 2003.
AIDS. 2005; 19(9):953–60. PMID: 15905677

25. Dimala CA, Atashili J, Mbuagbaw JC, Wilfred A, Monekosso GL. Prevalence of Hypertension in HIV/
AIDS Patients on Highly Active Antiretroviral Therapy (HAART) Compared with HAART-Naïve Patients
at the Limbe Regional Hospital, Cameroon. PloS One. 2016; 11(2):e0148100. doi: 10.1371/journal.
pone.0148100 PMID: 26862763

26. Behrens G, Dejam A, Schmidt H, Balks HJ, Brabant G, Korner T, Stoll M, Schmidt RE. Impaired glucose
tolerance, beta cell function and lipid metabolism in hiv patients under treatment with protease inhibi-
tors. AIDS. 1999; 13(10):F63–F70. PMID: 10416516

27. Van Vonderen MGA, Blümer RME, Hassink EAM, Sutinen J, Ackermans MT, van Agtmael MA, et al.
Insulin Sensitivity in Multiple Pathways Is Differently Affected During Zidovudine/Lamivudine-Contain-
ing ComparedWith NRTI-Sparing Combination Antiretroviral Therapy. JAIDS J Acquir Immune Defic
Syndr. 2010 Feb; 53(2):186–93. doi: 10.1097/QAI.0b013e3181c190f4 PMID: 19898246

28. Riyaten P, Salvadori N, Traisathit P, Ngo-Giang-Huong N, Cressey TR, Leenasirimakul P, et al. New-
Onset Diabetes and Antiretroviral Treatments in HIV-Infected Adults in Thailand. J Acquir Immune
Defic Syndr 1999. 2015 Aug 1; 69(4):453–9.

29. Glümer C, Vistisen D, Borch-Johnsen K, Colagiuri S. Risk scores for type 2 diabetes can be applied in
some populations but not all. Diabetes Care. 2006; 29(2):410–4. PMID: 16443896

The Diabetes Risk Score in HIV/AIDS Patients on Antiretroviral

PLOS ONE | DOI:10.1371/journal.pone.0155560 May 19, 2016 10 / 10

http://riskscore.diabetes.org.uk/2013#results
http://riskscore.diabetes.org.uk/2013#results
http://dx.doi.org/10.1097/QAD.0b013e32834e8776
http://www.ncbi.nlm.nih.gov/pubmed/22089377
http://www.ncbi.nlm.nih.gov/pubmed/15322938
http://www.ncbi.nlm.nih.gov/pubmed/16344423
http://dx.doi.org/10.1016/j.idc.2014.05.003
http://www.ncbi.nlm.nih.gov/pubmed/25151566
http://www.ncbi.nlm.nih.gov/pubmed/12817187
http://www.ncbi.nlm.nih.gov/pubmed/15905677
http://dx.doi.org/10.1371/journal.pone.0148100
http://dx.doi.org/10.1371/journal.pone.0148100
http://www.ncbi.nlm.nih.gov/pubmed/26862763
http://www.ncbi.nlm.nih.gov/pubmed/10416516
http://dx.doi.org/10.1097/QAI.0b013e3181c190f4
http://www.ncbi.nlm.nih.gov/pubmed/19898246
http://www.ncbi.nlm.nih.gov/pubmed/16443896

