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A B S T R A C T

Background: People living with HIV (PLH) under combined antiretroviral therapy (cART) are

at risk of developing type 2 diabetes mellitus (T2DM).

Objective: We examined the incidence of T2DM, associated factors and mean time to out-

come in PLH under cART.

Method: Data for this multicenter cohort study were obtained from PLH aged over 18, who

started cART in 13 Brazilian sites from 2003 to 2013. Factors associated with incident T2DM

were evaluated by Cox multiple regression models.

Results: A total of 6724 patients (30,997.93 person-years) were followed from January 2003 to

December 2016. A T2DM incidence rate of 17.3/1000 person-years (95%CI 15.8-18.8) was

observed. Incidence of isolated hypertriglyceridemia and impaired fasting glucose (IFG)

were 84.3 (95%CI 81.1-87.6) and 14.5/1000 person-years (95%CI 13.2-15.9), respectively. Mean

time to T2DM onset was 10.5 years (95%CI 10.3-10.6). Variables associated with incident

T2DM were age 40-50 [Hazard Ratio (HR) 1.7, 95%CI 1.4-2.1] and ≥ 50 years (HR 2.4, 95%CI

1.9-3.1); obesity (HR 2.1, 95%CI 1.6-2.8); abnormal triglyceride/HDL-cholesterol ratio (HR 1.8,

95%CI 1.51-2.2). IFG predicted T2DM (HR 2.6, 95%CI 1.7-2.5) and occurred on average 3.3 years

before diabetes onset. Exposure to stavudine for ≥ 2 years was independently associated

with incident T2DM [HR 1.6, 95%CI 1.0-2.2).

Conclusion: Brazilian PLH under cART are at significant risk of developing T2DM and share

risk factors for diabetes onset with the general population, such as older age, obesity, and

having metabolic abnormalities at baseline. Moreover, stavudine use was independently

associated with incident T2DM. Identifying PLH at a higher risk of T2DM can help
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caretakers trigger health promotion and establish specific targets for implementation of

preventive measures.

� 2021 Published by Elsevier España, S.L.U. on behalf of Sociedade Brasileira de Infectologia.

This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
Introduction

Combined antiretroviral therapy (cART) has had a profound
impact on HIV-associated morbidity and mortality.1 Thera-
peutic combinations containing drugs from different classes
of antiretrovirals promoted an important and sustained sup-
pression in viral replication, leading to immune restoration
and increased survival and quality of life of people living with
HIV (PLH).

Despite the benefits of the cART, long-term administration
of antiretroviral drugs is often associated with severe glucose
and lipid metabolic abnormalities, such as dyslipidaemia and
insulin resistance.2-7 For such reason, metabolic effects have
become an important clinical issue in the follow-up of PLH on
cART, especially considering that adverse effects are one of
the main reasons for non-adherence to or withdrawal from
treatment.8

Type 2 diabetes mellitus (T2DM) is an important risk factor
for cardiovascular diseases and several studies have reported
that PLH may have an increased risk of T2DM.9-15 In addition
to well-recognized determinants, such as ageing, male sex,
obesity, smoking, infection with hepatitis C virus, and genetic
characteristics, incident T2DM is apparently related to long-
term administration of stavudine,2,11,14,16 zidovudine and
didanosine,16 indinavir14 and other protease inhibitors.17

The aim of this study was to estimate the incidence and
the mean time to T2DM onset in the Brazilian HIV/AIDS
Cohort, using hierarchical modelling. Based on survival anal-
ysis, we also explored potential factors associated with the
outcome, including socio-demographic and behavioural pro-
files, existence of comorbidities, clinical and biochemical lab-
oratory markers, and pharmacological treatments. The
identification of these biomarkers may help in starting meas-
ures to prevent T2DM in PLH.
Methods

Data collection and definitions

Data used in the present study were obtained from the Brazil-
ian HIV/AIDS Cohort Study (HIV/AIDS-BCS), an ambidirec-
tional cohort involving 13 Brazilian sites across four out of
the five administrative regions of the country, comprising 26
Public Health facilities in 11 cities. The cohort includes PLH
aged over 18 years, who started cART from January 2003 to
December 2013 and were followed-up until December 2016.
We collected information about patients’ socio-demographic
profiles; HIV exposure; use of illicit drugs, alcohol and
tobacco; individual or family history of diabetes, hypertension
and cardiovascular diseases; laboratory assessment of
immune status (CD4+ T-cell count), HIV viral load; occurrence
of adverse events due to cART, and death. Data were obtained
as part of the routine clinical care provided at participating
health services (i.e., following a routine-care-based cohort
design), extracted from patients’ clinical records by trained
personnel onto standardized forms. Clinical records were
reviewed at intervals not exceeding six months. Detailed
information on cohort sites, eligibility and inclusion criteria,
data sources and validation, outcomes, censoring criteria,
availability of data and ethics statement have been previously
reported.18-19

T2DM was diagnosed (case definition) when elevated fast-
ing plasma glucose (FPG) values above 126 mg/dl (7 mmol/l)
were detected on two consecutive occasions. Additionally,
cases with only one FPG measure above 126 mg/dl and record
of hypoglycaemic or antidiabetic drug use, such as metfor-
min, glibenclamide, glyburide or alike were considered possi-
ble cases of T2DM. Impaired fasting glucose (IFG) was defined
as fasting blood glucose levels >100 and <126 mg/dl.20

To investigate T2DM incidence and its associated factors,
we excluded from the total of registries available at the HIV-
BCS system any patient who presented: (1) no record of glu-
cose and lipid laboratory tests; (2) occurrence of T2DM or IFG
at baseline; and (3) absence of clinical and epidemiological
information including comorbidities or classical risk factors
for T2DM.

The cohort profile is described in frequency tables for qual-
itative variables and estimated central tendency and disper-
sion measures for quantitative variables. 95% confidence
intervals (95%CI) were calculated using the bootstrap resam-
pling method. 21 Incidence rates of T2DM were calculated for
1000 persons-years using the Poisson's exact test.22 Cox
regression and multiple Cox regression models23 were used
to investigate factors associated with incident T2DM, includ-
ing different adjusted models. The database was exported to
the software Statistical Package for the Social Sciences (SPSS)
24 for Windows (International Business Machines Corp, New
York, USA) and R-GUI version 3.0.2 (http://www.r-project.org/)
for statistical analysis.
Variables and hierarchical framework modelling

For the multiple hierarchical modelling used in the survival
(time-to-event) analysis, we searched the HIV-BCS system for
information concerning the dates of initiation of cART and
the last clinical visit, respectively, to calculate the follow-up
interval; death, loss to clinical follow-up and referral to
another health service were used to characterize the censor-
ing date. The date of occurrence of fasting hyperglycaemia
was used to determine time to T2DM onset.

For modelling the following independent variables were
considered: (1) patients’ socio-demographic characteristics:
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sex, date of birth (age); skin colour; HIV exposure category fol-
lowing a hierarchical characterization (sexual, blood, occupa-
tional injury, and vertical transmission); (2) illicit drugs,
alcohol and tobacco use: type of substance and duration of
use; (3) comorbidities: lipodystrophy, metabolic syndrome,
obesity (report of abdominal obesity and obesity without defi-
nition), dyslipidaemia [hypercholesterolemia, hypertriglyceri-
demia or combined dyslipidaemia associated or not with low
high density lipoprotein-cholesterol (HDL-C) levels], systemic
arterial hypertension, hepatitis C (serological evidence);
(4) cART: all antiretroviral drugs used, duration of use, date of
and reason for cART discontinuation; (5): concurrent pharma-
cotherapy: metformin and statin use (simvastatin, atorvasta-
tin, pravastatin, pitavastatin, or lovastatin) and duration of
use; (5) laboratory tests during follow-up, including sample
collection date: CD4+ T-cell counts; HIV viral loads; fasting
serum glucose, triglyceride, total cholesterol, HDL-cholesterol
and LDL-cholesterol concentrations. TG/HDL-C ratios were
calculated and classified as abnormal if ≥ 3.5 (for men) or
≥ 2.5 (for women).24

A hierarchical multiple model was used to identify predic-
tors of T2DM based on a set of empirical propositions that
indicate the strength and direction of association between
predictors and the outcome. The order of entries of possible
predictors into the regression equation was defined based on
a pre-established conceptual framework, which takes into
account biological and temporal determinants that may affect
the outcome.25-26 In the hierarchical explanatory models vari-
ables were organized in three levels: (1) hyperglycaemia (IFG)
as a proximal, (2) exposure to cART/stavudine (d4T) use, obe-
sity and dyslipidaemia as intermediate, and (3) sex, age, and
use of tobacco and alcohol as distal determinants (Supple-
mentary file − Figure). Modelling started with an empty
model towards a complete one. Adjustment among different
models was verified using differences in the log-likelihood
ratio. The Chi-square test was used to verify the hypothesis
of equality amongmodels.27

Ethical issues

The present study was approved by the Ethics Committee at
Faculdade de Medicina, Universidade de S~ao Paulo (#229/13),
in accordance with Brazilian and international regulations for
research with human subjects. The dataset for this study
comes from an ambidirectional cohort. In the first retrospec-
tive phase, the IRB waived the requirement for written
informed consent, given subject anonymity and data confi-
dentiality were ensured throughout the research. In the sec-
ond prospective phase, all participants provided written
informed consent for participation in the study.
Results

From a total of 8,674 subjects enrolled in the HIV-BCS system,
1950 (22.5%) were excluded: 870 (44.6%) had no records of
blood glucose and lipid assessment; 262 (13.4%) patients
already presented T2DM or IFG at baseline; 136 (6.7%) had no
records of CD4+ T-cell count or HIV viral load assessments;
431 (22.1%) registries had no data on CD4+ T-cell counts or
HIV viral load after initiation of cART; 151 (7.1%) had no rele-
vant clinical and epidemiological information in their medical
records; and 100 (5.1%) had no linkage code with the National
HIV/AIDS surveillance registry. The final study cohort thus
comprised 6724 individuals (Table 1). It is important to high-
light that excluded patients did not differ significantly from
study participants concerning sex, age, skin colour, HIV expo-
sure category, initial cART regimen and CD4+ T-cell count
and HIV viral load at initiation of cART (Supplementary File -
Table).

Participants’ socio-demographic characteristics, as well as
their mode of HIV exposure, initial cART regimen and labora-
tory baseline parameters are detailed in Table 1.

Table 2 describes duration of cART, including time of use
of each antiretroviral drug. Zidovudine (AZT) was the most
commonly used antiretroviral drug. A total of 3639 individuals
(54.1%) used AZT for more than two years, accumulating
21,310.04 years of exposure to this compound. Information
about comorbidities and use of alcohol and tobacco and sta-
tins is also presented in Table 2.

Overall T2DM incidence in the cohort was 17.3 per 1000
person-years (95%CI 15.8-18.8; N=537), whereas incidence of
isolated hypertriglyceridemia was 84.3 per 1000 person-years
(95%CI 81.1-87.6; N=2.616); and incidence of IFG was 14.5 per
1000 person-years (95%CI 13.2-15.9; N=452). Mean time to DM
onset was 10.5 years (95%CI 10.3-10.6), with a median of
11.8 years (95%CI 11.3-12.3). The probability of DM onset
occurring up to the sixth year of follow-up was 5.5% but
increased dramatically after this period. Fig. 1 presents the
survival curve until T2DM onset. Mean time to occurrence of
IFG was significantly lower, being estimated at 7.2 years
(95%CI 7.0-7.5).

In the hierarchical modelling, variables most strongly
associated with incident T2DM included age between 40 and
50 years [HR 1.7 (95%CI 1.4-2.1), p < 0.001] and ≥ 50 years [HR
2.4 (95%CI 1.9-3.1), p < 0.002]; obesity [HR 2.1 (95%CI 1.6-2.8),
p < 0.001]; abnormal TG/HDL-C ratios [HR 1.8 (95%CI 1.51-2.2),
p < 0.001]; and having a previous detection of hyperglycemia
[HR 2.6 (95%CI 1.7-2.5), p < 0.001]. Other variables were also
associated with the outcome, though with lower magnitudes
(Table 3).

After adjusted modelling, exposure to stavudine (d4T) for
two or more years (variable inserted in Model 3) remained sig-
nificantly associated with incident T2DM [HR 1.6 (95%CI 1.0-
2.2), p = 0.005]. The impact of d4T use in the Kaplan-Meier sur-
vival curves until diabetes onset is shown in Fig. 2 (2a for the
unadjusted curve, and 2b for the adjusted curve).
Discussion

In this study, we observed that T2DM was a common meta-
bolic disorder in the Brazilian HIV/AIDS cohort, with an over-
all incidence of 17.3 per 1000 person-years and its onset
occurred on average a decade after initiation of cART. In addi-
tion, simple biomarkers, such as high TG/HDL-C ratios and
elevated fasting blood glucose to diagnose IFG, were robustly
associated with T2DM onset with the former occurring
approximately three years before the latter. Finally, stavu-
dine, a nucleoside analogue of thymidine that inhibits HIV



Table 1 – Characteristics of patients. Brazilian HIV/AIDS Cohort, 2003-16.

n (%) 95% Confidence Interval Follow-up time (years)

Lower Higher

Gender
Female 2328 34.6 33.5 35.8 10,992.85
Male 4396 65.4 64.2 66.5 20,005.08

Age (years)
18 -| 25 567 8.4 7.8 9.1 2302.46
25 -| 30 1105 16.4 15.6 17.3 4678.13
30 -| 35 1338 19.9 19.0 20.9 6105.57
35 -| 40 1231 18.3 17.4 19.2 5933.66
40 -| 45 1030 15.3 14.5 16.2 4954.98
45 -| 50 699 10.4 9.7 11.1 3470.76
50 -| 90 754 11.3 10.5 12.0 3552.36

Skin colour
White 3257 48.4 47.2 49.6 16,253.76
Black 1000 14.9 14.0 15.7 4698.29
Brown 1433 21.3 20.3 22.3 6322.83
Other 38 0.6 0.4 0.8 178.08
No information 996 14.8 14.0 15.7 3544.97

HIV exposure category
Heterosexual 3554 52.9 51.7 54.0 17,424.73
Homosexual 1327 19.7 18.8 20.7 5989.54
Bisexual 463 6.9 6.3 7.5 2151.49
Not specified 286 4.3 3.8 4.8 1360.02
UDI 204 3.0 2.6 3.5 997.24
Vertical transmission 19 0.3 0.2 0.4 69.56
Transfusion / blood products 81 1.2 1.0 1.5 366.94
No information 790 11.7 11.0 12.5 2638.41

CD4+ T-cell count (per mm3)
<200 3512 52.2 51.0 53.4 17,210.13

200 |− 350 2499 37.2 36.0 38.3 11,379.22
>350 713 10.6 9.9 11.4 2408.58
HIV viral load

Undetectable 153 2.3 1.9 2.7 740.05
Detectable 6571 97.7 97.3 98.1 30,257.88

Initial cART regimen
2 NRTI + 1 NNRTI 4562 67.8 66.7 69.0 21,269.44
2 NRTI + 1 PI/r 899 13.4 12.6 14.2 3906.24
2 NRTI + 1 PI 599 8.9 8.2 9.6 3141.52
2 NRTI + 2 PI 220 3.3 2.9 3.7 1019.81
2 NRTI + 2 PI/r 279 4.1 3.7 4.6 959.09
Other 165 2.5 2.1 2.8 701.83
Total 6724 100.0

NRTI: nucleoside analogue reverse transcriptase inhibitor; NNRTI: non-nucleoside analogue reverse transcriptase inhibitor;
PI: protease inhibitor; PI/r: Protease inhibitor boosted with ritonavir;
UDI: injecting drug user. Data include proportion, confidence interval and cumulative follow-up time for each characteristic.
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reverse transcriptase, often used in the first decades of antire-
troviral therapy, was the only antiretroviral drug indepen-
dently associated with T2DM in the cohort, increasing the
relative risk of the outcome by 60%.

Incident T2DM has been consistently described among
PLH on cART and constitutes a matter of clinical concern in
the management of these patients for its impact in morbid-
ity3-5,10-17,28-31 and mortality rates.32-34 Our findings are in line
with those reported by Capeau et al.14, who followed 1046
patients for 7846 person-years. In this French cohort the inci-
dence rate of T2DM was 14.1 per 1000 person-years and the
outcome was associated with exposure to several antiretrovi-
ral regimens that included indinavir (0-1 year: HR = 2.53), stav-
udine (0-1 year: HR = 2.56, 1-2 years: HR = 2.65) and didanosine
(2-3 years: HR = 3.16). Likewise, in a North American cohort
comprising 13,632 individuals, and total follow-up of 88,359
person-years, the incidence of T2DM was 13.6 per 1000 per-
son-years in patients on cART, in contrast to 11.35 per 1000
person-years among patients not exposed to cART.28 In that
study authors also suggested that the risk of T2DM onset
increased with exposure to protease inhibitors [relative
risk = 1.35 (95% CI 1.03-1.78)], after adjusting for other known
risk factors.

In our cohort, factors associated with incident T2DM cor-
roborate previously well-recognized biomarkers for this out-
come in non-HIV populations, such as age over 40 years,
current tobacco use, obesity and abnormal TG/HDL-C ratios,
which are all associated with insulin resistance.35-37



Table 2 – Antiretroviral therapy (cART) exposure time and existing comorbidities. Brazilian HIV/AIDS Cohort, 2003-16.

n (%) 95% Confidence Interval Follow-up time (years)

Lower Higher

AZT
Not exposed 1511 22.5 21.5 23.5 5155.97

< 2 years 1574 23.4 22.4 24.4 4531.92
≥ 2 years 3639 54.1 52.9 55.3 21,310.04

d4T
Not exposed 6194 92.1 91.5 92.7 28,229.85

< 2 years 273 4.1 3.6 4.6 1407.75
≥ 2 years 257 3.8 3.4 4.3 1360.33

DDI
Not exposed 6640 98.8 98.5 99.0 30,509.88

< 2 years 46 0.7 0.5 0.9 252.26
≥ 2 years 38 0.6 0.4 0.8 235.79

IDV
Not exposed 6693 99.5 99.4 99.7 30,780.79

< 2 years 26 0.4 0.3 0.6 179.82
≥ 2 years 5 0.1 0.0 0.2 37.32

NFV
Not exposed 6541 97.3 96.9 97.6 29,857.04

< 2 years 106 1.6 1.3 1.9 620.35
≥ 2 years 77 1.1 0.9 1.4 520.54

NNRTI
Not exposed 1978 29.4 28.3 30.5 8647.06

< 1 year 1390 20.7 19.7 21.7 5063.55
1 −| 2 years 818 12.2 11.4 13.0 2719.98
2 −| 3 years 588 8.7 8.1 9.4 2224.93
≥ 3 years 1950 29.0 27.9 30.1 12,342.41
PI/r
Not exposed 5235 77.9 76.9 78.8 24,319.53
< 1 year 567 8.4 7.8 9.1 2184.1
1 −| 2 years 277 4.1 3.7 4.6 1012.44
2 −| 3 years 195 2.9 2.5 3.3 746.76
≥ 3 years 450 6.7 6.1 7.3 2735.1
cART
< 2 years 1644 24.4 23.4 25.5 1660.5
2 -| 4 years 1466 21.8 20.8 22.8 4324.56
4 -| 6 years 1338 19.9 19.0 20.9 6680.18
6 -| 8 years 1330 19.8 18.8 20.7 9238.35
≥ 8 years 946 14.1 13.3 14.9 9094.34
SAH 677 12.3 11.4 13.1 3894.47
Obesity 236 4.2 3.7 4.8 1307.65
Abnormal TG/HDL-C ratio 2836 47.9 46.6 49.2 13,988.71
Statin exposure 241 5.8 5.1 6.5 1714.78
Hepatitis C 484 8.2 7.5 8.9 2379.74
Lipodystrophy 276 4.7 4.2 5.3 1787.76
Tobacco use

Never used 2457 48.9 47.6 50.3 11,466.73
Used 806 16.1 15.1 17.1 3763.8
Currently use 1758 35.0 33.7 36.3 8235.68

Alcohol use
Never used 2564 51.4 50.0 52.8 12,738.41
Used 824 16.5 15.5 17.6 3636.72
Currently use 1597 32.0 30.8 33.3 7093.47

AZT: zidovudine; d4T: stavudine; DDi: didanosine; IDV: indinavir; NFV: nelfinavir; cART: antiretroviral therapy; NNRTI: non-nucleoside ana-
logue reverse transcriptase inhibitors; PI/r: protease inhibitor boosted with ritonavir; SAH: systemic arterial hypertension. Data include propor-
tion, confidence interval and cumulative follow up time.
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Particularly noteworthy is the sub-study of the Brazilian Lon-
gitudinal Study of Adult Health (ELSA-Brasil), conducted with
1546 civil servants of our institution (University of S~ao Paulo),
aged 23 to 63 years, with a mean follow-up of 11 years. In this
cohort Sitnik et al.38 reported an overall incidence rate of
T2DM of 9.8 per1000 person-years, and age, obesity, incident
or prevalent hypertension or dyslipidaemia were the main
predictors of diabetes onset.

Among PLH, these same characteristics had also been
identified in previous studies.14-16, 28 In a systematic review
and meta-analysis of 44 cohort studies involving PLH, with a
total follow-up of 396,496 person-years, the pooled incidence



Fig. 1 –Kaplan-Meier curve of survival until type 2 diabetes
mellitus (T2DM) onset (in years). Brazilian HIV/AIDS Cohort,
2003-16.
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rate of T2DM was estimated as 13.7 (95% CI, 13-20) per 1000
person-years.39 Predictors of diabetes onset in that study
included ageing, family history of diabetes, Black/Hispanic
origin, overweight/obesity, lipodystrophy, dyslipidaemia,
metabolic syndrome and increased baseline fasting glucose
levels. Furthermore, using a retrospective study design, Squi-
lace et al.40 showed among PLH that an elevated TG/HDL-C
ratio (>third quartile or 4.5) was an independent predictor of
T2DM onset. The TG/HDL-C ratio could be used not only as
indicator of a pro-atherogenic lipid profile, but also as a sim-
ple biomarker of insulin resistance. This occurs due to the
close association between free fatty acid influx to the liver
and muscle with increased very low-density lipoprotein
(VLDL) synthesis and reduced glucose disposal.41-43

Of importance, in this study IFG was strongly associated
with incident T2DM, being detected on average 3.3 years
before diabetes onset. These results suggest that dysglycemia
in PLH on cART may be used as a prognostic biomarker to
identify individuals at risk for T2DM, predicting its onset. In
fact, such an association has also been recently described for
Brazilian non-HIV populations, suggesting clinicians could
use intermediate hyperglycemia as a valuable biomarker to
predict progression to T2DM.44

In a mechanistic perspective, long-term exposure to antire-
troviral drugs may lead to T2DM by initially inducing insulin
resistance, a common condition in the follow-up of PLH. These
drugs may directly induce insulin resistance by interfering
with insulin signalling at the cellular level, or indirectly, as a
consequence of the effects of cART on lipid metabolism. How-
ever, since PLH are treated with combined antiretroviral regi-
mens that include drugs which may differ in their capacity to
cause insulin resistance, it ends up being hard to claim that
one particular drug accounts for the development of T2DM.45

Among the different components of antiretroviral regi-
mens used by patients in our cohort, stavudine deserves a
special remark. Though regarded as effective in inhibiting HIV
replication when used in combined pharmacotherapy, it was
frequently associated with severe adverse effects, related to
both acute and chronic toxicities, resulting in peripheral neu-
ropathy, lactic acidosis, hyperlactatemia, lipoatrophy, dyslipi-
demia and T2DM.46 As a result of these unfavourable
outcomes, in 2010 the World Health Organization recom-
mended replacing stavudine with tenofovir or zidovudine in
initial HIV treatment regimens.47 Accordingly, Brazil aban-
doned stavudine use in adults starting cART in 2012, and
national guidelines adopted combined lamivudine and teno-
fovir in association with dolutegravir, an HIV integrase strand
transfer inhibitor (INSTI), as the preferred regimen for cART
initiation instead.48

More recently INSTI-based combined ART regimens have
been associatedwith significant weight gain and therefore rais-
ing a concern about a potential increased risk of T2DM onset.49-
50 Despite the fact that these compounds have less metabolic
adverse effects as compared to nucleoside reverse transcrip-
tase (NNRTI) and protease inhibitors (PI), the incidence T2DM
among 22,884 patients receiving INSTI-based combinations in
Canada and the United States from 2007 to 2017 was reported
as 10.7 per 1000 person-years with no significant difference
compared to patients on other antiuretrovirals.51

We should point out that our study presents intrinsic limi-
tations related to its routine-care-based cohort design. The
analysis was exclusively based on secondary data obtained in
clinical follow-up visits to participating centers and retrieved
from medical records by the study investigators. This may
account for incomplete information, missed data due to lack
of record standardization and errors in data collection. Fur-
thermore, the lack of information about family history of
comorbidities, dietary characteristics, physical activity pat-
terns, and the unavailability of data on inflammatory bio-
markers prevented a more robust adjustment of the T2DM
prediction model. Finally, we could not assess the impact of
INSTI-based antiretroviral combinations in the development
of T2DM since these drugs were not available in Brazil at the
study timeframe.

Nevertheless, the prolonged follow-up of the cohort
(30,997.93 person-years) should be emphasized as strength of
this study, yielding considerable sensitivity in its ability to
assess the occurrence of chronic events such as T2DM properly.
In addition, the fact that the Brazilian HIV/AIDS Cohort included
patients coming from different regions nationwide confers a
strong representativeness of the profile of PLH in the country.

The findings of this study have relevant implications for
the clinical management of PLH. Given that abnormalities in
glucose and lipid metabolism are common in this population
and pose them under increased risk for cardiovascular events,
close monitoring of such biomarkers should be systematically
undertaken in patients on cART. Moreover, health professio-
nals should strongly consider incorporating complementary
primary prevention measures, widely incorporated in health
promotion for all, including intensive lifestyle changing pro-
grammes with nutritional counselling, promotion of physical
activity and smoking cessation in the comprehensive care of
PLH to reduce the risk of T2DM onset.



Table 3 – Hierarchical model predicting incident type 2 diabetes mellitus (T2DM). Brazilian HIV/AIDS Cohort, 2003-16.

Empty Model 1 Model 2 Model 3 Model 4 Model 5

HR (95%CI) p-value HR (95%CI) p-value HR (95%CI) p-value HR (95%CI) p-value HR (95%CI) p-value

Gender
Female 1.00 1.00 1.00 1.00 1.00
Male 1.1 (0.9-1.3) 0.206 1.0 (0.8-1.3) 0.433 1.0 (0.8-1.2) 0.493 1.0 (0.86-1.2) 0.689 1.0 (0.84-1.2) 0.841

Age
< 40 years 1.00 1.00 1.00 1.00 1.00
40 −| 50 years 1.9 (1.5-2.3) <0.001 1.7 (1.3-2.1) <0.001 1.9 (1.5-2.3) <0.001 1.7 (1.4-2.1) <0.001 1.7 (1.4-2.1) <0.001
≥ 50 years 3.0 (2.4-3.8) <0.002 3.0 (2.3-3.9) <0.002 3.1 (2.5-3.9) <0.002 2.7 (2.1-3.4) <0.002 2.4 (1.9-3.1) <0.002

Tobacco use
Never used 1.00 1.00 1.00 1.00
Used 0.9 (0.6-1.2) 0.644 0.9 (0.6-1.2) 0.561 0.8 (0.6-1.1) 0.363 0.8 (0.6-1.1) 0.170

Current use 1.4 (1.1-1.9) 0.008 1.4 (1.1-1.9) 0.009 1.4 (1.1-1.9) 0.007 1.4 (1.1-1.9) 0.009
Alcohol use
Never used 1.00 1.00 1.00 1.00
Used 1.1 (0.8-1.6) 0.262 1.1 (0.8-1.5) 0.318 1.3 (1.0-1.7) 0.040 1.0 (0.8-1.3) 0.099

Current use 1.1 (0.9-1.4) 0.210 1.1 (0.9-1.4) 0.186 1.2 (1.1-1.6) 0.032 1.4 (1.0-1.6) 0.049
d4T exposure
Not exposed 1.00 1.00 1.00
< 2 years 1.2 (0.8-1.6) 0.288 1.1 (0.8-1.6) 0.399 1.2 (0.8-1.7) 0.225
≥ 2 years 1.7 (1.2-2.3) 0.002 1.6 (1.1-2.2) 0.006 1.6 (1.1-2.2) 0.005
Obesity
No 1.00 1.00
Yes 2.4 (1.8-3.1) <0.001 2.1 (1.6-2.8) <0.001

Abnormal TG/HDL-C ratio
No 1.00 1.00
Yes 1.8 (1.5-2.2) <0.001 1.8 (1.51-2.2) <0.001

Hyperglycaemia (IFG)
No 1.00
Yes 2.6 (1.7-2.5) <0.001

Likelihood log 7705.50 7602.31 7589.28 7580.25 7482.80 7440.29
Chi-square1 (p-value) <0.001 <0.001 <0.001 <0.001 <0.001
Chi-square2 (p-value) <0.001 0.043 0.011 <0.001 <0.001

Note: d4T, stavudine
Data shown as estimates of hazard ratio (HR), 95% confidence interval (95%CI) and descriptive level (p-value).
1 Comparison performed with the empty model;
2 Comparison performed with the previous model.

bra
z
jin

fec
t
d
is.2021;25(4):101608

7



Fig. 2 –Kaplan-Meier curve of survival until type 2 diabetes mellitus (T2DM) onset (in years) according to duration of stavudine
(d4T) use (a) unadjusted and (b) after adjustment for sex, age, tobacco and alcohol use, obesity, abnormal triglyceride: HDL-
cholesterol, and hyperglycemia before T2DM onset. Brazilian HIV/AIDS Cohort, 2003-16.
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