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Abstract

Introduction

Millions of HIV-infected Africans are living longer due to long-term antiretroviral therapy
(ART), yet little is known about glucose metabolism disorders in this group. We aimed to
compare the prevalence of glucose metabolism disorders among HIV-infected adults on
long-term ART to ART-naive adults and HIV-negative controls, hypothesizing that the odds
of glucose metabolism disorders would be 2-fold greater even after adjusting for possible
confounders.

Methods

In this cross-sectional study conducted between October 2012 and April 2013, consecutive
adults (>18 years) attending an HIV clinic in Tanzania were enrolled in 3 groups: 153 HIV-
negative controls, 151 HIV-infected, ART-naive, and 150 HIV-infected on ART for > 2
years. The primary outcome was the prevalence of glucose metabolism disorders as deter-
mined by oral glucose tolerance testing. We compared glucose metabolism disorder preva-
lence between each HIV group vs. the control group by Fisher's exact test and used
multivariable logistic regression to determine factors associated with glucose metabolism
disorders.

Results

HIV-infected adults on ART had a higher prevalence of glucose metabolism disorders (49/
150 (32.7%) vs.11/153 (7.2%), p<0.001) and frank diabetes mellitus (27/150 (18.0%) vs. 8/
153 (5.2%), p = 0.001) than HIV-negative adults, which remained highly significant even
after adjusting for age, gender, adiposity and socioeconomic status (OR =5.72 (2.78—
11.77), p<0.001). Glucose metabolism disorders were significantly associated with higher
CD4+ T-cell counts. Awareness of diabetes mellitus was <25%.
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Conclusions

HIV-infected adults on long-term ART had 5-fold greater odds of glucose metabolism disor-
ders than HIV-negative controls but were rarely aware of their diagnosis. Intensive glucose
metabolism disorder screening and education are needed in HIV clinics in sub-Saharan
Africa. Further research should determine how glucose metabolism disorders might be
related to immune reconstitution.

Introduction

In the past decade, antiretroviral therapy (ART) coverage has rapidly expanded to include 7.5
million HIV-infected adults in sub-Saharan Africa (SSA) [1], resulting in a 25% decrease in
annual deaths from HIV and longer lifespans for HIV-infected adults [2]. With longer lives
and more time on ART, the HIV-infected population in Africa is at increased risk of glucose
metabolism disorders (GMDs) [3], and this risk will continue to broaden as African countries
implement the 2013 WHO Treatment Guidelines to initiate ART at higher CD4" T-cell counts
(CD4 counts) [1].

Published reports have demonstrated a high prevalence of GMDs (20-40%) among HIV-
infected adults on ART in SSA [4-6], but only 1 of these studies included HIV-negative and
HIV-infected ART-naive comparison groups [4]. Due to this methodological weakness, it is
currently difficult to ascertain if the high prevalence of GMD among HIV-infected adults in
SSA is related to HIV infection itself, ART use or simply a high community prevalence of
GMDs [7,8]. Additional weaknesses of prior studies from SSA included: 1) most patients were
only on ART for short periods of time, 2) single fasting or random blood glucose measure-
ments were often used for diagnosis and 3) inadequate control for between-group differences
in age and adiposity.

Therefore, we conducted a cross-sectional study utilizing oral glucose tolerance testing
(OGTT) to compare the prevalence and pattern of GMDs in three groups of African adults: an
HIV-uninfected group, an HIV-infected, ART-naive group, and an HIV-infected on ART for
>2 years group. We hypothesized that the prevalence of GMDs would be at least two times
greater among HIV-infected adults on ART for >2 years compared with HIV-negative con-
trols and that this difference would not be explained by differences in age, gender or adiposity
between groups.

Methods
Study design

This was a cross-sectional study designed to compare the prevalence of GMDs among 3 groups:
1) HIV-infected, ART-naive adults, 2) HIV-infected adults on ART for >2 years and 3) HIV-
negative controls.

Study area

The study was conducted in the outpatient HIV clinic of Bugando Medical Centre (BMC) in
Mwanza, Tanzania. BMC is the zonal hospital for the Lake Victoria Zone in northwest Tanza-
nia, serving a population of approximately 13 million. The HIV prevalence in the Lake Zone is
6% [9], similar to the national average. The BMC HIV clinic provides care to 3,500 patients of
whom 2,700 are currently on ART. Patients are referred to BMC from surrounding
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community-based voluntary counselling and testing centres in the city of Mwanza. Of note,
according to Tanzanian national guidelines, all HIV-infected patients must be assigned a treat-
ment partner who is typically a family member, friend or partner [10]. Also, all adults are rou-
tinely screened for diabetes mellitus at time of ART initiation with a fasting blood glucose
measurement.

Study population

All of the study population was recruited from the BMC HIV clinic. The study included 3
groups of adults (all >18 years old) for the purpose of comparisons:

1. HIV-negative adult treatment partners (control group),

2. HIV-infected adults newly establishing care in last 3 months, not yet on ART (HIV-infected,
ART-naive) &

3. HIV-infected adults on ART for >2 years (HIV-infected, on ART).

HIV-negative adult treatment partners were chosen as a control group in order to provide a
control population with similar socioeconomic status to the 2 groups of HIV-infected adults.
All treatment partners who attended the BMC HIV clinic during the study period were eligible
for enrolment. Treatment partners were not matched to the HIV-infected adults who were
enrolled. Exclusion criteria included pregnancy and failure to attend a follow-up visit on the
day after enrolment.

Study procedure

On the day of enrolment, a revised version of the WHO STEPs questionnaire was administered
to determine the prevalence of glucose metabolism disorders and its risk factors [11]. The
WHO STEPs questionnaire includes questions regarding diabetes mellitus (testing, diagnosis,
and treatment), physical examination, anthropomorphic measurements, and blood pressure
according to standard protocols. Additional questions were added regarding HIV diagnosis
and treatment.

Laboratory analysis

At enrolment, blood samples were obtained and the CD4 count was measured using an auto-
mated BD FACS Calibur Machine (BD Biosciences, San Jose, CA, USA). A urine pregnancy
test was performed on women whose last menstrual period was >1 month prior to the date of
interview. Enrolled study subjects were instructed to return to the clinic the following morning
after an overnight fast.

All participants underwent an oral glucose tolerance test (OGTT) according to WHO proto-
col [12]. After an overnight fast for >8 hours, fasting blood glucose levels were measured from
a sterile finger prick blood sample using an automated machine (OneTouch Select, LifeScan,
CA, USA). The OneTouch Select reports a plasma glucose equivalent and has been shown to
be >90% accurate (compared to venous plasma glucose measurement) in diagnosing diabetes
mellitus when used for OGTT in resource-limited settings [13]. Each participant was then
given 400mls of Lucozade (Glaxo Smith-Kline, London, UK), which is equivalent to a 75g glu-
cose loading dose in water, over a duration of <5 minutes [14]. Blood glucose levels were mea-
sured again, 2 hours after ingestion of glucose.

PLOS ONE | DOI:10.1371/journal.pone.0134410 August 19, 2015 3/183



@’PLOS ‘ ONE

Glucose Metabolism, HIV and Antiretroviral Therapy in Tanzania

Definitions

GMD was as defined as the presence of impaired fasting blood glucose, impaired glucose toler-
ance, or diabetes mellitus, according to the WHO definitions [12]. Impaired fasting glucose
(IFG) was defined as fasting blood glucose of 6.1 to 6.9mmol/l (110mg/dl to 125mg/dl) and
2-hour glucose <7.8mmol/l (140mg/dl). Impaired glucose tolerance (IGT) was defined as fasting
blood glucose <7.0mmol/l (126mg/dl) and 2-hour glucose >7.8 and <11.Immol/l (140mg/dl
and 200mg/dl). Diabetes mellitus (DM) was defined as either a fasting blood glucose >7.0mol/l
(126mg/dL) or a glucose level >11.1mol/l (200mg/dL) 2 hours after a 75g oral glucose load [12].

Hypertension was defined as a sustained elevation of systolic blood pressure (SBP) >140
and/or diastolic blood pressure (DBP) >90 on 2 different days or current antihypertensive
therapy according to the Joint National Committee 7 (JNC-7) definition, and graded according
to the same guidelines [15]. Central obesity was defined as a waist/hip ratio of >0.85 for
women and waist/hip ratio >0.90 for men according to the WHO [11].

Statistical analysis

The primary outcome of the study was the prevalence of GMDs (as defined above). The pri-
mary study analysis was to compare the prevalence of GMDs between each HIV-infected
group and the HIV-negative control group. According to a recent population-based survey,
1.9% (95% ClI, 0.7-5.0%) of adults in Mwanza city have diabetes mellitus while 16.4% (95% CI,
11.7-22.4%) have hypertension (Kavishe BB, Mwanza Interventional Trials Unit, personal
communication). We hypothesized that 10% of HIV-infected adults on ART would have glu-
cose metabolism disorders. Using Fisher’s exact test, we calculated that 150 patients in each
group would provide 90% power to detect this difference for p<0.05.

Data analysis was done using STATA version 11 (San Antonio, Texas). Descriptive statistics
were computed by determining medians (interquartile ranges) for continuous variables and
proportions (percentages) for categorical variables. Differences between medians were deter-
mined using the rank sum test and differences between proportions were determined using
Fisher’s exact test. For ordered categorical variables, the nonparametric test for trend was used.
P-values of less than 0.05 were considered significant.

Factors associated with GMDs were determined by logistic regression. Multiple logistic
regression models were performed in order to determine whether the relationship between
HIV status and GMD could be explained by confounding. All baseline characteristics were
evaluated by a pre-determined, minimally-adjusted logistic regression model adjusting for age
and sex, since these were expected to differ between groups. Furthermore, additional, pre-
determined multivariable analyses were performed to adjust for BMI and waist/hip ratio (since
these were the factors most highly expected to explain differences in glucose metabolism disor-
der prevalence between groups) as well as a fully-adjusted model including all variables with a
p-value of <0.05 by minimally adjusted multivariable analysis. BMI and waist-to-hip ratio
were not included together in any models due to collinearity. Variables associated with HIV
infection and ART use (such as CD4 counts and individual ART drugs) were not included in
the multivariable models due to collinearity with the group variables and the smaller number
of subjects with these additional variables. For associated factors, odds ratios (OR) were deter-
mined with 95% confidence intervals (95% CI). The likelihood ratio test was used to compare
the logistic regression models.

Ethics Statement

The study was approved by the Institutional Review Boards at Bugando Medical Centre and
Weill Cornell Medical College. All study participants were informed about the study by a nurse
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or doctor fluent in Kiswahili and provided written informed consent before participation. All
results were made available to clinicians and recorded in the patient’s file. Disease management
was conducted by the health care workers of the clinic according to Bugando Medical Centre
and Tanzanian management protocols and practices.

Results
Enrolment

During the study period, 488 adults were screened and 34 were excluded from the study: 7
patients were found to be pregnant (3 HIV-infected ART-naive and 4 HIV-infected on ART),
and 27 did not return the following day (11 HIV-negative controls, 9 HIV-infected ART-naive,
7 HIV-infected on ART). A total of 454 adults were enrolled: 153 HIV-negative controls, 151
HIV-infected ART-naive adults and 150 HIV-infected adults on ART.

Baseline characteristics

Table 1 describes the baseline characteristics of the 3 groups.

The characteristics of the 3 groups were broadly similar. Notable differences included that
HIV-infected adults on ART were slightly older (median age 40 (38-47) vs. 38 (32-46) and 37
(32-44) years in the other 2 groups), more likely to be female (76.7% vs. 61.4% and 58.9%) and
had a higher prevalence of central obesity (52.0% vs. 28.8% and 37.1%). HIV-infected, ART-
naive adults had lower mean BMI (22.0 (20.2-24.3) kg/m2 vs. 23.8 (22.3-25.8) and 23.7 (21.5-
27.9)) and were severely immunosuppressed (mean CD4 T-cell count 215 (150-321) cells/pL
vs. 378 (263-521) in the group on ART). HIV-infected adults on ART had been using ART for
a median of 56 (31-68) months; 18 (12.0%) were taking protease inhibitors, which was a com-
bination of lopinavir and ritonavir for all 18 of them.

Glucose metabolism disorders

Table 2 shows the prevalence of glucose metabolism disorders and glucose levels in the 3
groups.

Overall, GMDs were more common among HIV-infected adults on ART (32.7% vs 7.2% of
HIV-uninfected controls, p<0.001). DM (18.0% vs 5.2% among controls, p = 0.001) and
impaired glucose tolerance (14.0% vs. 2.0% of controls, p<<0.001) were also more common
among HIV-infected adults on ART. The prevalence of GMDs among HIV-infected, ART-
naive adults was similar to that of controls (8.0% vs. 7.2%, p = 0.83). Only one HIV-infected,
ART-naive adult had DM (0.7% vs. 5.2% of controls, p = 0.04).

Of the 30 total study subjects with IGT in our study, 11/30 had fasting blood glucose >6
mmol/L and therefore would have been labelled as IFG by the WHO definition used in this
study if only fasting blood glucose measurements were obtained and OGTT had not been per-
formed. Of these 30 study subjects with IGT, 26/30 had fasting blood glucose >5.6 mmol/L
and therefore would have been labelled as IFG by the definition of the American Diabetes
Association [16]. The median fasting blood glucose for those patients with IGT was 6.0 (5.9-
6.3) mmol/L vs. 4.8 (4-5.2) mmol/L versus for those without IGT.

Glucose testing, awareness and treatment

The number of subjects who reported prior glucose testing was <25% in all 3 groups: 33/153
(21.6%) in the control group, 16/151 (10.6%) in the HIV-infected, ART-naive group and 18/
150 (12.0%) in the HIV-infected, on ART group. Rates of awareness, treatment and control
were low. Of 36 subjects with DM, only 2 (including 1/1 in the HIV-infected, ART-naive group
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Table 1. Baseline characteristics of 454 study participants.

Variable

Female

Age (years)

Education level
Incomplete primary
Complete primary
Secondary and above
Work type

Manual

Office

Vigorous work

Mode of transportation
Walking or bicycle
Motorized vehicle

Ease of living index*
Low

Middle

High

Ever smoker

Current smoker
Fruit/vegetable servings/week
Sugary drinks/day
Current alcohol

None

<once/week
>once/week

Body mass index (kg/m?)
<18.5

18.5-25

25-30

>30

Waist/hip ratio

Central obesity**

CD4 T-cell count (cells/pL)
ART duration (months)
Protease inhibitor use

HIV-negative Control (n = 153)
Proportion (%) Median (IQR)
94 (61.4%)

38 (32-46)

27 (17.7%)
82 (53.6%)
44 (28.8%)

109 (71.2%)
44 (28.8%)
15 (9.8%)

130 (85.0%)
23 (15.0%)

86 (56.2%)
20 (13.1%)
47 (30.7%)
6 (3.9%)
5 (3.3%)
6 (4-12)
1(0.5-2)

119 (77.8%)

19 (12.4%)

15 (9.8%)

23.8 (22.3-25.8)
5 (3.3%)

104 (68.0%)

33 (21.6%)

11 (7.2%)

0.84 (0.82-0.87)
44 (28.8%)

NA

NA

NA

HIV-infected ART-naive (n = 151)
Proportion (%) Median (IQR)

89 (58.9%)
37 (32-44)

25 (16.6%)
98 (64.9%)
28 (18.5%)

114 (75.5%)
37 (24.5%)
21 (13.9%)

110 (72.9%)
41 (27.1%)

94 (62.3%
24 (15.9%
33 (21.9%
16 (10.6%
4 (2.7%)
8 (5-12)
1(0.5-2)

)
)
)
)

120 (79.5%)

16 (10.6%)

15 (9.9%)

22.0 (20.2-24.3)
18 (11.9%)

113 (74.8%)

9 (6.0%)

11 (7.3%)

0.84 (0.80-0.89)
56 (37.1%)

215 (150-321)
NA

NA

HIV-infected on ART (n = 150)
Proportion (%) Median (IQR)
115 (76.7%)

40 (38-47)

30 (20.0%)
94 (62.7%)
26 (17.3%)

105 (70.0%)
45 (30.0%)
33 (22.0%)

117 (78.0%)
33 (22.0%)

81 (54.0%)
26 (17.3%)
43 (28.7%)
10 (6.7%)
0

9 (6-13)

1 (1-2)

136 (90.7%)
8 (5.3%)

6 (4.0%)

23.7 (21.5-27.9)
4 (2.7%)

80 (53.3%)

45 (30.0%)

21 (14.0%)

0.87 (0.82-0.91)
78 (52.0%)

378 (263-521)
56 (31-68)

18 (12.0%)

* Ease of living index was defined according to the presence of water, electricity and/or flushing toilets inside the home. Low = 0/3. Medium = 1-2/3.

Higher = 3/3

** Defined as waist/hip ratio of >0.85 for women and waist/hip ratio >0.90 for men

doi:10.1371/journal.pone.0134410.t1001

and 1/27 (3.7%) in the HIV-infected, on ART group) were aware of their diagnosis. None of
the subjects with DM were controlled according to the IDF definition [17].

Factors associated with GMD

In the partially-adjusted logistic regression model of all factors listed in Table 3, only age
(OR =1.03 (1.003-1.06) per year), ease of living index (OR = 2.83 (1.46-5.47) for middle vs.
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Table 2. Glucose metabolism disorders (GMD) among 454 study participants.

Variable

Any GMD*
Diabetes mellitus
Impaired fasting glucose

Impaired glucose
tolerance

Fasting blood glucose
(mmol/L)

2-hour blood glucose
(mmol/L)

HIV-negative Control HIV-infected ART-naive p-value vs. HIV-infected on ART p-value vs.
(n =153) (n=151) control (n =150) control
Proportion (%) Median Proportion (%) Median Proportion (%) Median

(IQR) (IQR) (IQR)

11 (7.2%) 12 (8.0%) 0.83 49 (32.7%) <0.001

8 (5.2%) 1 (0.7%) 0.04 27 (18.0%) 0.001

0 5 (3.3%) 0.03 1 (0.7%) 0.50

3 (2.0%) 6 (4.0%) 0.33 21 (14.0%) <0.001

4.7 (4-5) 4.7 (4-5.1) 0.55 5.6 (4.8-6) <0.0001
5.6 (5-6) 5.5 (5-6.1) 0.41 6.6 (5.8-8.1) <0.0001

* Primary outcome: defined as either Diabetes Mellitus or Impaired Fasting Glucose or Impaired Glucose Tolerance

doi:10.1371/journal.pone.0134410.t002

low), BMI (OR = 1.07 (1.01-1.13) per unit BMI), waist-hip ratio (OR = 1.07 (1.02-1.12) per
0.01 ratio units), central obesity (OR = 2.04 (1.20-3.49)), and current CD4 (OR = 1.001
(1.000-1.003) per unit CD4) were associated with GMDs. Of note, neither ART duration

(OR =1.01 (0.997-1.030) per month on ART), protease inhibitor use (OR = 1.44 (0.51-4.03)),
nevirapine use (OR = 1.18 (0.56-2.48)), efavirenz use (OR = 0.81 (0.40-1.63)), tenofovir use
(OR =0.94 (0.46-1.95)), stavudine use (OR = 1.25 (0.62-2.50)), nor zidovudine use (OR = 0.60
(0.30-1.20)) were associated with GMDs.

We also performed multiple, pre-determined multivariable logistic regressions to determine
if the higher rates of GMDs among HIV-infected, on ART could explained by other confound-
ers known to be associated both with HIV status and GMDs. The results of these models are
shown in Table 4. In the unadjusted model, being HIV-infected and on ART (for >2 years)
was associated with a 6-fold increased odds of having a GMD (OR = 6.26 (3.10-12.63),
p<0.001). Correcting for other possible confounders such as age, sex, BMI and ease of living
index did not change this estimate. Adjusting for waist-hip ratio slightly decreased the OR of
association to /5.7 in 2 models, but the association remained highly statistically significant
(p<0.001 for all models listed in Table 4).

Association between GMD and hypertension

There was a strong and dose-dependent association between GMDs and grade of hypertension
among HIV-negative adults but this association was not statistically significant among HIV-
infected adults. See Table 5 for details.

Discussion

In our study in Tanzania, 1/3 of HIV-infected adults on ART for >2 years were found to have
GMDs, a prevalence that was 4x higher than among HIV-negative study subjects and similar
to HIV-infected adults in the US and Europe [18,19], and nearly 20% had frank DM. Although
a systematic review in 2011 found no association between HIV or ART and GMDs in SSA [20],
this review included data mainly from cross-sectional and case-control studies and conceded
that most adults in these studies had been on ART for only short periods of time (most <2
years). Two later published cohort studies from SSA with study populations similar to our own
were not included in that systematic review, and found a higher prevalence of GMD among
HIV-infected patients after initiation of ART [6,21]. Zannou investigated FPG trends in a
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Table 3. Factors associated with glucose metabolism disorders (GMD) among 454 Tanzanian adults by logistic regression adjusted for age and

sex.

Variable

Female

Age (years)

Education level
Incomplete primary
Complete primary
Secondary and above
Work type

Manual

Office

Vigorous work

Mode of transportation
Walking or bicycle
Motorized vehicle

Ease of living index
Low

Middle

High

Ever smoker

Current smoker

Fruit & vegetable (servings/week)
Sugary drinks/day
Current alcohol

None

<once/week
>once/week

Body mass index (kg/m?)
<18.5

18.5-25

25-30

>30

Waist/hip ratio per 0.01 increase
Central obesity*

CD4 T-cell count (cells/uL)** per 1 cell/yL increase

<200
200-350
350-500
>500

No GMD (n = 382)
Proportion (%) Median (IQR)

249 (65.2%)
38 (33-46)

71 (18.6%)
226 (59.2%)
85 (22.3%)

275 (72.0%)
107 (28.0%)
55 (14.4%)

301 (78.8%)
81 (21.2%)

228 (59.7%)
51 (13.4%)
103 (27.0%)
26 (6.8%)

9 (2.4%)

8 (5-12)

1 (0.5-2)

312 (81.7%)

36 (9.4%)

34 (8.9%)

23.1 (21.1-25.3)
24 (6.3%)

256 (67.0%)

69 (18.1%)

33 (8.6%)

0.84 (0.81-0.89)
139 (36.4%)
285 (182.5-407)
69 (28.8%)

86 (35.8%)

47 (19.6%)

38 (15.8%)

GMD (n = 72)

Proportion (%) Median (IQR)

49 (68.1%)
40 (36-48.5)

11 (15.3%)
48 (66.7%)
13 (18.1%)

53 (73.6%)
19 (26.4%)
14 (19.4%)

56 (77.8%)
16 (22.2%)

33 (45.8%)
19 (26.4%)
20 (27.8%)
6 (8.3%)

0

9.5 (6-12)
1(1-2)

63 (87.5%)

7 (9.7%)

2 (2.8%)

237 (21.1-28.3)
3 (4.2%)

41 (56.9%)

18 (25.0%)

10 (13.9%)

0.87 (0.83-0.92)
39 (54.2%)

350 (246-518)

8 (13.1%)

22 (36.1%)

14 (23.0%)

17 (27.9%)

Odds Ratio (95%Cl)

1.29 (0.74-2.25)
1.03 (1.003-1.06)

]
1.48 (0.72-3.04)
1.16 (0.48-2.82)

;
0.93 (0.52—1.66)
1.54 (0.79-3.00)

;
1.04 (0.56-1.92)

;
2.83 (1.46-5.47)
1.40 (0.76-2.56)
1.32 (0.50-3.50)

1.03 (0.99-1.07)
0.99 (0.82-1.19)

;
0.91 (0.38-2.16)
0.30 (0.07-1.30)
1.07 (1.01-1.13)
]

1.16 (0.33-4.07)
1.98 (0.53-7.37)
2.01 (0.49-8.23)
1.07 (1.02-1.12)
2.04 (1.20-3.49)

1.001 (1.000-1.003)

;
1.97 (0.82-4.75)
2.09 (0.79-5.52)
3.11 (1.19-8.16)

* Defined as waist/hip ratio of >0.85 for women and waist/hip ratio >0.90 for men
** For all 301 study subjects with HIV including 61 with GMD and 240 without GMD

doi:10.1371/journal.pone.0134410.t003

cohort of 88 HIV-infected patients followed from ART initiation until 24 months into therapy.
During the first 24 months of therapy the prevalence of GMDs increased from a baseline preva-
lence of 3.8% to a high of 39.2% at follow up (IFG 3.8% to 31.6%, DM 0 to 7.6%). We identified
a similar prevalence in our cross-sectional study. Similar results have been seen among HIV-
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Table 4. Multivariable models for association between HIV status and glucose metabolism disorders (GMD) to assess for confounding.

Model HIV-negative HIV-infected ART p-value vs. HIV-infected on p-value vs. Likelihood ratio test

control (n =153) naive (N = 151) control ART (N = 150) control (compared to unadjusted
model)

Unadjusted 1 1.11 (0.48-2.61) 0.80 6.26 (3.10-12.63) <0.001 (1]

Adjusted for age + sex 1 1.16 (0.49-2.73) 0.73 6.30 (3.09-12.86) <0.001 1.97,2 d.f.

Adjusted for age + sex 1 1.23 (0.52-2.89) 0.64 6.16 (3.02-12.58) <0.001 3.90, 3 d.f.

+ body mass index (BMI)

Adjusted for age + sex 1 1.09 (0.46-2.58) 0.84 5.68 (2.76-11.67) <0.001 5.59, 3 d.f.

+ waist/hip ratio (WHR)

Adjusted for age + sex 1 1.25 (0.53-2.96) 0.61 6.20 (3.04-12.70) <0.001 4.88, 4 d.f.

+ BMI + Ease of Living

Index

Adjusted for age + sex 1 1.12 (0.47-2.65) 1 5.72 (2.78-11.77) <0.001 6.42,4 d.f.*

+ WHR + Ease of Living

Index

All models are compared to HIV-negative controls. Models 1, 2, 3 & 4 were predetermined based on most likely confounders. Models 5 + 6 included other
baseline characteristics significantly associated with glucose metabolism disorders in the minimally-adjusted model.

* Best fit mode

doi:10.1371/journal.pone.0134410.t004

infected adults on ART in the US [19,22]. Prior cross-sectional studies may have underesti-
mated to the true prevalence of GMDs among adults on long-term ART because only 2 other
studies of GMDs among HIV-infected adults in SSA used OGTT and both of these excluded
patients with known GMDs [23,24].

In our study, the prevalence of all GMDs among HIV-infected, ART-naive adults was low,
similar to the prevalence among HIV-negative controls. Data are few regarding the prevalence
of GMDs among HIV-infected, ART-naive adults in SSA. One study from Italy demonstrated
IFG was more common among HIV-infected, ART-naive adults compared to HIV-negative
controls [18], and the Multicenter AIDS Cohort Study in the USA showed that the prevalence
and incidence of diabetes was higher among HIV-infected adults compared to controls [19,22],
but the baseline CD4" T-cell count was higher in both these groups of HIV-infected adults
compared to our study. Study results from SSA have been mixed. Mercier and Ngatchou found
that there was a higher prevalence of GMDs among adults who were HIV-infected, ART-naive
compared to HIV-negative controls [25,26], but 3 additional studies from SSA showed no dif-
ference in average glucose measurements or GMDs between HIV-infected, ART-naive adults
and HIV-negative controls [4,27,28]. Of note, all of these studies used fasting glucose alone;
since OGTT was not performed in these others studies, IGT could not be diagnosed leading to
an underestimation of the total burden of GMD.

Disturbingly, very few HIV-infected adults with diabetes mellitus were aware of their diag-
nosis. In fact, among HIV-infected adults on ART with diabetes mellitus, only one (<5%)
knew that they had diabetes mellitus. Similarly low rates of DM awareness have been reported
in other studies from Africa [29,30], but one might hope that awareness rates would be higher

Table 5. Association between glucose metabolism disorders (GMD) and grade of hypertension in the 3 study groups.

Normal Prehypertension Hypertension P-value for trend
GMD among 153 HIV-negative adults (controls) 1/66 (1.5%) 2/62 (3.2%) 8/25 (32.0%) <0.001
GMD among 151 HIV-infected ART-naive adults 4/69 (5.8%) 6/74 (8.1%) 2/8 (25.0%) 0.17
GMD among 150 HIV-infected adults on ART 13/49 (26.5%) 18/58 (31.0%) 18/43 (41.9%) 0.14

doi:10.1371/journal.pone.0134410.1005
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in the context of regular healthcare visits for HIV care. It is possible that, since our current
standard of care is to screen HIV-infected adults for DM at the time of ART initiation, clini-
cians had been lulled into a false sense of security by the low prevalence of diabetes mellitus
detected at that time. Clearly GMD screening and treatment must be integrated into HIV care
in clinics in SSA, but such integration will be challenging given the limited resources of low-
level health facilities in our region for diabetes diagnosis and management [31]. On the other
hand, successful integration of HIV and DM management in lower level health facilities in SSA
could improve the acceptability and quality of care for both of these diseases, as previously
demonstrated with other conditions [32].

The higher prevalence of GMDs among HIV-infected adults on ART was not explained by
the most likely confounders such as difference in waist-hip ratio, BMI, age, gender and socio-
economic status. Even after adjusting for differences in age, gender, adiposity and socioeco-
nomic status, HIV-infected adults on ART were still found to have a nearly 6-fold greater odds
of having GMD compared to the HIV-negative control patients. The most likely alternative
explanation is that GMDs may be a direct result of ART use since some, but not all [18], studies
from high income countries have identified an increased prevalence of GMDs with cumulative
exposure to ARTs [19,33,34]. In our study GMDs were not significantly associated with dura-
tion of ART in general or with PI use specifically. Due to the relatively small sample size of our
study and the small number of different drug combinations (including PI-based regimens), our
study may have lacked power to detect such associations. Still, the fact that the higher preva-
lence of GMDs among HIV-infected adults on ART in our study could be explained neither by
obvious confounders nor by ART duration leaves the reason for the higher prevalence of
GMDs in this group open to conjecture.

The higher prevalence of GMDs among HIV-infected adults on ART may be related to dys-
regulated inflammation in the setting of severe immunosuppression and subsequent immune
reconstitution. In our study a higher current CD4 was associated with GMDs in both univari-
able and minimally adjusted analyses; HIV-infected adults with a current CD4 >500 had a
3-fold greater odds of GMDs compared to those with a CD4 <200, and a clear dose-response
was seen. Our findings seem to fit with those recently reported from a prospective randomized
ART-initiation trial in the United States and Puerto Rico, in which the development of higher
fasting plasma glucose levels over a 96-week period on ART was significantly associated with
higher baseline HIV-1 RNA levels [35]. Other data from the same study demonstrated that
higher baseline C-reactive protein (CRP) was significantly associated with subsequent develop-
ment of non-AIDS-defining clinical events (diabetes, cardiovascular disease, cancer, pneumo-
nia) [36].

Our study has limitations. Since this study is cross-sectional, we cannot make any conclu-
sions as to causality. Nevertheless, this study does generate some interesting hypotheses as to
the higher prevalence of GMDs among HIV-infected adults on ART. In addition, our HIV-
negative control group may not be representative of the general population, although the prev-
alence of diabetes mellitus was similar to a recent representative population survey in our city.
Further, haemoglobin A1C and HIV viral load testing are not currently available at our hospi-
tal. Also, additional data that may have been useful, such as family history of diabetes, hepatitis
C status, and weight change from baseline, were not available for our study subjects.

Conclusions

In conclusion, HIV-infected Tanzanian adults on ART had a 4-fold higher prevalence of
GMDs than HIV-negative control patients. One-third of these adults had some GMD, 20%
had diabetes mellitus and 15% had IGT. Among the 27 with diabetes mellitus who had
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completed at least two years of ART, only one was aware of their diagnosis and the remaining
26 were asymptomatic. In contrast, the prevalence of GMDs among HIV-infected, ART-naive
adults was low, similar to HIV-uninfected adults, and the only subject with diabetes mellitus
was already diagnosed. The higher prevalence of GMDs among HIV-infected adults on ART
could not be explained by differences in adiposity, age, gender or socioeconomic status but
were associated with CD4" T-cell counts. Clearly, diabetes mellitus screening and management
must be integrated into routine HIV care. In addition, further studies are needed to determine
the pathophysiologic explanation for the higher prevalence of GMDs among HIV-infected
adults on ARTs and whether this may be related to dysregulated inflammation in the setting of
immune reconstitution.
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