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Abstract
Objective  We sought to determine the incidence and 
factors associated with development of diabetes mellitus 
(DM) in older HIV-infected individuals.
Research design and methods  We analyzed data from 
people living with HIV (PLWH) ≥50 years of age enrolled 
in a large urban HIV outpatient clinic in Vancouver, British 
Columbia. Patients were categorized as having DM if they 
had random blood sugar ≥11.1 mmol/L, fasting blood 
sugar ≥7 mmol/L, HbA1C ≥6.5%, antidiabetic medication 
use during the follow-up period, or medical chart review 
confirming diagnosis of DM. We estimated the probability 
of developing DM, adjusting for demographic and clinical 
factors, using a logistic regression model.
Results  Among 1065 PLWH followed for a median of 
13 years (25th and 75th percentile (Q1–Q3): 9-18), the 
incidence of DM was 1.61/100 person-years follow-up. 
In the analysis of factors associated with new-onset DM 
(n=703), 88% were male, 38% had a history of injection 
drug use, 43% were hepatitis C coinfected, and median 
body mass index was 24 kg/m2 (Q1–Q3: 21–27). Median 
age at antiretroviral therapy (ART) initiation was 48 years 
(Q1–Q3: 43–53) and at DM diagnosis was 55 years (Q1–
Q3: 50–61). Patients who started ART in 1997–1999 and 
had a longer exposure to older ART were at the highest risk 
of developing DM.
Conclusions  Among PLWH aged ≥50 years, the incidence 
of DM was 1.39 times higher than men in the general 
Canadian population of similar age. ART initiated in the 
early years of the epidemic and exposure to older ART 
appeared to be the main drivers of the development of DM.

Introduction
Combination antiretroviral therapy (ART) has 
dramatically increased the life expectancy of 
people living with HIV (PLWH)1–3; however, 
they are now developing comorbidities asso-
ciated with prolonged survival and aging,4–6 
and these may be occurring at earlier ages 
than in the general population. Many PLWH, 
particularly those who received older antiret-
roviral treatments, experienced peripheral 
fat atrophy, visceral fat accumulation, and 

metabolic comorbidities, including dyslipi-
demia and impaired glucose homeostasis, 
which can lead to increased risk for cardiovas-
cular disease and other related morbidities.7 8 

Several studies have reported an increased 
prevalence and incidence of metabolic disor-
ders such as impaired glucose tolerance and 
diabetes mellitus (DM) among PLWH.9–12 In 
a large French cohort of HIV-infected individ-
uals followed for 10 years after ART initiation 
in 1997–1999, the incidence rate of DM was 
1.41 per 100 person-years follow-up.13 A study 
conducted in the USA estimated the prev-
alence of DM among HIV-infected adults as 
10.3%, approximately 3.8% higher than in 

Significance of this study

What is already known about this subject?
►► It has been shown that people living with HIV have 
a higher incidence of diabetes mellitus (DM) relative 
to the general population. Although the usual risk 
factors for DM are common in this population, the 
effects of HIV-related factors, including the use of 
antiretrovirals, are unclear.

What are the new findings?
►► In this study, we found a high incidence of 
DM in adults living with HIV and a correlation 
between advanced HIV infection, the use of older 
antiretrovirals, and the incidence of DM. Of interest, 
patients in our cohort who developed DM had 
normal to low body mass index.

How might these results change the focus of 
research or clinical practice?

►► This study highlights the importance of monitoring 
markers of DM (eg, fasting blood sugar and HbA1C) 
regularly in all people living with HIV, regardless of 
their traditional DM risk factors and bodyweight. 
Detection and treatment of DM in this population 
may improve patient clinical outcomes.
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the non-HIV-infected population. Their data suggested 
that DM in this population developed at an earlier age 
and in the absence of obesity.14

Several factors have been associated with the develop-
ment of DM in the HIV-infected population. Soon after 
the introduction of first-generation HIV protease inhib-
itors (PIs) in 1996, PLWH were found to have a higher 
incidence of metabolic disorders including DM13 15; 
however, other ART agents including non-nucleoside 
reverse transcriptase inhibitors (NNRTIs) and factors 
like aging, male sex, obesity, non-white ethnicity, family 
history, and hepatitis C coinfection may also contribute 
to DM in the HIV population.7 16 17 Only recently, with 
more HIV-infected patients living longer lives, have we 
been able to better observe age-related comorbidities, 
their expression, and outcomes in this population.

The objective of this retrospective study was to deter-
mine the incidence of DM in an aging HIV population 
attending the largest outpatient HIV clinic in British 
Columbia, Canada, and determine which traditional and 
HIV-related factors were associated with the development 
of DM.

Research design and methods
Study patients
The British Columbia Centre for Excellence in HIV/
AIDS (BC-CfE) distributes ART agents at no cost to all 
eligible PLWH in the province through its Drug Treat-
ment Program (DTP), as described in detail elsewhere.18 
Prescription of ART follows BC-CfE treatment guide-
lines that are regularly updated and generally remain 
consistent with international treatment guidelines.19

We examined data from the BC-CfE DTP database for 
all HIV-positive adults enrolled in an urban outpatient 
HIV clinic at St. Paul’s Hospital in Vancouver, British 
Columbia, Canada, up to 31  July 2015. DM criteria, as 
described below, were obtained from the Outpatient 
Immunodeficiency Clinic database and medical chart 
review. Lists of prescribed medications were obtained 
from a provincial pharmaceutical database. The inci-
dence analysis included individuals who met the following 
criteria: ≥50 years of age at enrollment in the DTP; ART 
naive at enrollment, known ART start date, and initiation 
of ART therapy before 31 July 2015; no diagnosis of DM 
prior to enrollment; known DM status at ART initiation 
and at the end of follow-up. Patients who initiated an ART 
regimen containing an integrase inhibitor or a CCR5 
receptor antagonist were excluded as adequate duration 
of follow-up data was not available for these newer drug 
classes. The final multivariable analysis excluded patients 
who started ART before 1997 and who therefore did not 
have plasma HIV viral load results in the period prior to 
starting ART. 

Outcome measures
Our main outcome, DM diagnosis, followed the criteria of 
the Expert Committee on the Diagnosis and Classification 

of Diabetes Mellitus.20  Patients were categorized as 
having DM if they had one or more of the following at 
least once during the follow-up period: fasting blood 
sugar  ≥7 mmol/L, random blood sugar  ≥11.1 mmol/L, 
glycated hemoglobin (HbA1C)≥6.5%, or if they had 
used one or more antidiabetic medications during the 
follow-up period (metformin, glyburide, glicazide, lira-
glutide, exenatide, sitagliptin, saxagliptin, linagliptin, 
dapagliflozin, canagliflozin, or insulin). Patients who 
were receiving metformin or liraglutide for purposes 
other than the treatment of DM, and did not meet any of 
the laboratory criteria, were excluded from the analysis. 
The rate of new-onset DM was defined as the number of 
cases of DM divided by the total number of person-years 
of follow-up. The follow-up period was defined as the time 
from initial enrollment in the DTP from 1 January 1997 
onward to the date of DM diagnosis or the patients’ last 
contact with the Outpatient Immunodeficiency Clinic up 
until 31 July 2015.

Statistical analysis
Bivariable analysis compared characteristics of patients 
with and without DM diagnosis during follow-up, using 
Kruskal-Wallis tests for continuous variables and χ2 tests 
for categorical variables. A logistic regression model was 
used to identify sociodemographic and clinical charac-
teristics potentially associated with DM, including sex at 
birth (male or female), self-identified ethnicity (Asian, 
black, indigenous, Hispanic, or white), history of injection 
drug use (yes vs no), sexual orientation (heterosexual or 
homosexual/bisexual), hepatitis C virus (HCV) antibody 
status (present vs absent), hepatitis B virus (HBV) surface 
antigen status (present vs absent), history of AIDS-de-
fining illness (yes vs no), calendar year of first ART expo-
sure (1997–1999, 2000–2004, 2005–2009, 2010–2015; 
intervals based on changes to the BC-CfE ART treatment 
guidelines),21 main class of first ART regimen (NNRTI, 
PI, or other), age at HIV diagnosis (≥50 or  <50 years), 
age at ART initiation (≥50 or  <50 years), latest weight 
(kg), latest body mass index (BMI; kg/m2), CD4 nadir 
(cells/mm3), CD4 count at ART initiation (cells/mm3), 
proportion of follow-up time receiving ART agents, and 
proportion of time with plasma viral load  ≥500 copies/
mL. A backward stepwise selection was used to build the 
multivariable model, using variables with bivariate asso-
ciation.22 The selection of variables was based on Akaike 
information criteria and type III P value, which considers 
the best explanatory model and the best goodness of fit 
for model selection. Statistical analyses were conducted 
using SAS software V.9.4.

Results
From a total of 4130 PLWH enrolled at the clinic between 
1997 and 2015, 1065 met the inclusion criteria for this 
study, while 703 individuals remained in the final multi-
variable analysis (figure  1). Among the 1065 PLWH 
included in the incidence analysis, there were 235 new 



3BMJ Open Diab Res Care 2017;5:e000457. doi:10.1136/bmjdrc-2017-000457

Figure 1  Exclusion criteria and final study sample of people living with HIV (PLWH) enrolled in a large urban HIV clinic in 
British Columbia, Canada, between 1 January 1997 and 31 July 2015. ART, antiretroviral therapy; DM, diabetes mellitus.
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diagnoses of DM during a median of 13 years of follow-up 
(quartile 1–quartile 3 (Q1–Q3): 9–18 years), representing 
an incidence rate of 1.61 new cases per 100 person-years 
of follow-up. Among the 703 patients included in the 
bivariable and multivariable analysis, 132 (19%) devel-
oped DM (table 1). Among the patients who developed 
DM, 47 (36%) had HbA1C results on file; their median 
HbA1C was 5.80%, mean 6.16 (Q1–Q3: 5.3%–6.6%). The 
cohort was primarily male at birth (89%) and of white 
ethnicity (73%). Most patients were diagnosed with HIV 
and started ART at age <50 years (71% and 64%, respec-
tively). HCV coinfection was present in 43%, HBV coin-
fection in 8%, and 38% had a history of injection drug 
use. Nearly one-third (31%) had a previous AIDS-de-
fining illness at the end of study follow-up. Of the 703 
patients included in the final multivariable analysis, 94 
(13%) died and 23 (3%) moved out of the province and 
were thus lost to follow-up.

As shown in table 1, the frequency of new-onset DM did 
not differ significantly between patients diagnosed with 
HIV before the age of 50 years and those diagnosed at 
the age of 50 years or older (19% vs 19%, respectively; 
P=0.832), or between those who started ART before or 
after age 50 (20% vs 17%, respectively; P=0.546). Like-
wise, there was no association between new-onset DM and 
having positive HCV antibody or HBV serology, injec-
tion drug use, ethnic group, sex at birth, latest weight, 

or latest BMI. When comparing patients who developed 
DM with those who did not, those who developed DM 
had a lower CD4 nadir (80 vs 130 cells/mm3, respectively; 
P<0.001), lower CD4 count at or before initiation of first 
ART (180 vs 240 cells/mm3, respectively; P=0.016), and 
were less likely to have taken an NNRTI-based regimen 
as their first ART (15% vs 85%; P=0.003). DM was more 
likely to be diagnosed among patients who started ART in 
the earlier eras (1997–2004) and less likely among those 
who started ART more recently (2010–2015; 30% vs 2%; 
P<0.001).

Patients who developed DM had a shorter time from 
their HIV diagnosis, were younger at the end of study, 
spent a greater proportion of follow-up time with plasma 
viral load ≥500 copies/mL, and had lower CD4 count at 
the end of follow-up compared with those who did not 
develop DM (table 2).

As shown in table  3, in the multivariable analysis, 
diagnosis of DM was significantly associated with earlier 
calendar year of first ART (1997–1999 relative to 2005–
2009; adjusted OR (AOR) 48.90; 95% CI (CI) 21.32 to 
112.17) and increased length of time on ART (AOR 0.69; 
95% CI 0.64 to 0.74), while CD4 nadir and proportion 
of follow-up time with plasma viral load ≥500 copies/mL 
were of borderline significance.

Patients who developed DM had different expo-
sures to particular ART agents, measured as the mean 
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Table 1  Bivariable analysis of baseline characteristics of 703 study participants aged >50 years and living with HIV included 
in the final analysis stratified by new-onset diabetes during follow-up

New-onset 
diabetes
(n=132)

No diabetes
(n=571) P value

Sex at birth; n (%)

 ��� Male 120 (19) 502 (81) 0.368

 ��� Female 12 (15) 69 (85)

Ethnicity; n (%)

 ��� Asian 14 (28) 36 (72) 0.132

 ��� Black 5 (21) 19 (79) 0.793

 ��� Indigenous 20 (25) 61 (75) 0.177

 ��� Hispanic 9 (29) 22 (71) 0.161

 ��� White 92 (18) 423 (82) 0.126

History of IDU; n (%)

 ��� Yes 53 (20) 215 (80) 0.620

 ��� No 79 (18) 356 (82)

Heterosexual; n (%)

 ��� Yes 65 (21) 239 (79) 0.112

 ��� No 61 (16) 312 (84) 

Homosexual/bisexual; n (%)

 ��� Yes 59 (17) 288 (83) 0.279

 ��� No 67 (20) 263 (80)

HCV antibody positive; n (%)

 ��� Yes 64 (21) 235 (79) 0.144

 ��� No 68 (17) 333 (83)  

HBV surface antigen positive; n (%)

 ��� Yes 11 (20) 43 (80) 0.720

 ���  No 107 (19) 462 (81) 

AIDS-defining illness at the end of follow-up; n (%)

 ��� Yes 44 (20) 177 (80) 0.604

 ��� No 88 (18) 394 (82) 

Calendar year of first ART; n (%)

 ��� 1997–1999 60 (30) 140 (70) <0.001 

 ��� 2000–2004 51 (27) 137 (73) 

 ��� 2005–2009 19 (9) 182 (91)

 ��� 2010–2015 2 (2) 112 (98) 

Main class of first ART regimen; n (%)

 ��� NNRTI 30 (15) 172 (85) 0.003

 ��� PI 86 (19) 374 (81)

 ��� Others 16 (39) 25 (61)

Age at HIV diagnosis, years; n (%)

 ��� <50  93 (19) 407 (81) 0.832

 ��� ≥50  39 (19) 164 (81)

Age at ART initiation, years; n (%)

 ��� <50  88 (20) 362 (80) 0.546

 ��� ≥50  44 (17) 209 (83)

Continued

Cardiovascular and Metabolic Risk
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New-onset 
diabetes
(n=132)

No diabetes
(n=571) P value

Latest weight during follow-up (kg); median (Q1–Q3) 73 (66–86) 72 (63–84) 0.122

Latest BMI during follow-up (kg/m2); median (Q1–Q3) 25 (22–28) 24 (21–27) 0.161

Latest hemoglobin during follow-up (g/dL); median (Q1–Q3) 145 (130–157) 142 (132–152) 0.201

CD4 nadir (cells/mm3); median (Q1–Q3) 80 (21–150) 130 (40–230) <0.001

CD4 count at ART initiation (cells/mm3); median (Q1–Q3) 180 (70–340) 240 (120–370) 0.016

Deceased as of 31 July 2015; n(%)

 � Yes 20 (21) 74 (79) 0.481

 � No 112 (18) 497 (82)

Ethnic groups are not mutually exclusive and were unknown in some cases. Other first classes of ART regimen: NRTI only including 
zidovudine/lamivudine, stavudine/lamivudine, or other NRTI-only regimen (n=33; 80%) and regimens including both an NNRTI and a PI (n=8; 
20%).
ART, antiretroviral therapy; BMI, body mass index; HBV, hepatitis B virus; HCV, hepatitis C virus; IDU, injection drug use; NNRTI, non-
nucleotide reverse transcriptase inhibitor; PI, protease inhibitor; Q1–Q3, 25th and 75th percentile.

Table 1  Continued 

Table 2  Characteristics of the study population (n=703) at the end of the follow-up period (31 July 2015)

New cases of diabetes 
(n=132)

No diabetes
(n=571) P value

Age at diabetes diagnosis or the end of study (years); 
median (Q1–Q3)

55 (50–61) 56 (53–61) <0.001

CD4 count at the end of follow-up
(cells/mm3); median (Q1–Q3)

395 (260–615) 530 (350–720) <0.001

Time from antiretroviral therapy initiation to develop 
diabetes or the end of study (years); median (Q1–Q3)

7.9 (5.6–10.6) 9.3 (5.7–13.5) 0.005

Time from HIV diagnosis to develop diabetes or the end 
of study (years); median (Q1–Q3)

9.0 (6.2–11.6) 11.8 (7.8–16.2) <0.001

Proportion of follow-up time with plasma viral 
load ≥500 copies/mL; median (Q1–Q3)

16% (6–36) 7% (2–25) <0.001

Q1–Q3, 25th and 75th percentile.

Cardiovascular and Metabolic Risk

proportion of time during follow-up that the individual 
was on the medication, compared with those who did not 
develop DM (table 4). Patients who developed DM had 
a greater proportion of follow-up time exposed to stavu-
dine, zidovudine, didanosine, indinavir, nelfinavir, and 
lopinavir, and a smaller proportion of time exposed to 
atazanavir, tenofovir disoproxil fumarate, lamivudine or 
emtricitabine, and darunavir. However, the mean propor-
tion of follow-up time on NNRTIs did not differ between 
those who developed DM and those who did not (23.3% 
vs 28.3%; P=0.31; not shown).

Conclusions
In this cohort of 1065 of PLWH, aged 50 years and older 
followed for a median of 13 years, the incidence of DM 
was 1.61 cases per 100 person-years, 1.39 times higher 
than the rate among men in the general Canadian 
population of similar age (1.16 cases per 100 person-
years among men, and 0.99 cases per 100 person-years 
for men and women combined).23 ART initiation in 

earlier eras (1997–2004), earlier calendar year of first 
ART, and increased length of time on ART were strongly 
associated with the incidence of DM in this population. 
Greater proportion of follow-up time with plasma viral 
load ≥500 copies/mL and lower CD4 count at the end of 
follow-up were associated with higher incidence of DM in 
the univariable analysis, but not in the adjusted model.

Recent studies have reported a higher incidence of 
DM in PLWH receiving combination ART compared with 
their HIV-negative counterparts.14 17 The incidence of 
DM among HIV patients in the Multicenter AIDS Cohort 
Study was 4.7 cases per 100 person-years of follow-up,24 
whereas in the APROCO study it was 1.4 cases per 100 
person-years of follow-up.13 These differences in DM 
incidence could be related to sample size and the demo-
graphic composition of the different cohorts. In our 
study, the incidence of new-onset DM peaked in those 
who initiated ART in 1997–1999 when patients were 
treated with older ART agents. In 2000, the incidence of 
DM started to drop dramatically with the introduction of 
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Table 3  Univariable and multivariable logistic regression model of clinical characteristics associated with incidence of 
diabetes (n=703)

OR
(95% CI)

Adjusted OR
(95% CI)

Sex at birth

 � Female 0.73 (0.38 to 1.39) 0.53 (0.23 to 1.22)

 � Male (ref) 1.00 1.00

Calendar year of first antiretroviral therapy

 � 1997–1999 4.11 (2.34 to 7.19) 48.90 (21.32 to 112.17)

 � 2000–2004 3.57 (2.01 to 6.32) 7.22 (3.7 to 14.1)

 � 2005–2009 (ref) 1.00 1.00

 � 2010–2015 0.17 (0.04 to 0.75) 0.05 (0.01 to 0.24)

CD4 nadir (per 100 cells/mm3 increase) 0.64 (0.53 to 0.78) 0.79 (0.61 to 1.02)

Time from antiretroviral therapy initiation to either the date of 
diabetes diagnosis or the end of study (per year increase)

0.94 (0.90 to 0.98) 0.69 (0.64 to 0.74)

Proportion of follow-up time with plasma viral 
load ≥500 copies/mL (per 10% increase)

1.12 (1.04 to 1.22) 0.93 (0.83 to 1.03)

Proportion of follow-up time on antiretroviral therapy agents 
(per 10% increase)

 � Stavudine 1.39 (1.27 to 1.53) Not selected

 � Zidovudine 1.19 (1.08 to 1.31)

 � Lopinavir 1.19 (1.11 to 1.28)

 � Indinavir 1.44 (1.20 to 1.73)

 � Saquinavir 1.17 (0.94 to 1.46)

 � Nelfinavir 1.63 (1.19 to 2.24)

Table 4  Proportion of time (%) on antiretroviral agents during follow-up (n=703)

Antiretroviral agents

Proportion of follow-up time 
(%); no diabetes (n=571)

Proportion of follow-up time 
(%); with diabetes (n=132)

P valueMean (SD) Mean (SD)

Nucleoside reverse transcriptase 
inhibitors

 � Stavudine 7.2 (14.6) 21.1 (26.4) <0.001

 � Zidovudine 5.0 (14.5) 10.9 (22.8) 0.011

 � Didanosine 3.6 (11.0) 11.5 (21.7) <0.001

 � Lamivudine or emtricitabine 82.5 (23.1) 78.8 (23.2) 0.027

 � Abacavir 23.1 (32.7) 16.3 (26.6) 0.084

 � Tenofovir disoproxil fumarate 51.5 (38.1) 38.4 (33.4) <0.001

Protease inhibitors 

 � Indinavir 2.1 (7.5) 6.4 (15.0) <0.001

 � Saquinavir 1.3 (6.5) 2.3 (9.6) 0.079

 � Nelfinavir 0.6 (3.5) 2.8 (11.4) 0.033

 � Lopinavir 9.3 (21.1) 21.1 (29.2) <0.001

 � Atazanavir 38.1 (39.0) 28.4 (33.5) 0.021

 � Darunavir 3.5 (13.2) 1.6 (9.1) 0.007

Cardiovascular and Metabolic Risk

new ART regimens, and only two (1.5%) new DM cases 
were identified between 2010 and 2015.

Most new DM diagnoses occurred in an era when 
PLWH were exposed to first-generation ART agents 

with significant metabolic toxicities. This is consis-
tent with previous studies and might be related to the 
use of older NRTIs (eg,  zidovudine, stavudine, and 
didanosine), which have a role in the development of 
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insulin resistance.13 25–29 The increased lipolysis observed 
in patients receiving older NRTIs may lead to increased 
circulating free fatty acids, which may promote insulin 
resistance in the liver and skeletal muscle.30 On the other 
hand, clinical evidence for a direct effect of thymidine 
analogue NRTIs on insulin resistance is also emerging.31

Furthermore, we observed an association between the 
use of older PIs (eg, lopinavir, nelfinavir, and indinavir) 
and the risk of developing DM in this population. Similar 
findings were reported in previous studies.24 26 32 Several 
mechanisms have been postulated to explain how PIs may 
lead to insulin resistance, one of which is the effect of PIs 
on the glucose transporter GLUT4 and the reduction of 
insulin sensitivity.33 It has been proposed that acute inhi-
bition of the high capacity GLUT4 transporter contrib-
utes to the early stages of PI-associated insulin resistance 
by decreasing peripheral glucose disposal.34

Previous studies suggested that ongoing inflamma-
tion due to chronic HIV infection may contribute to 
the pathogenesis of DM.13 Although in our study there 
was an association between DM and indicators of more 
advanced HIV infection (low CD4 cell count nadir 
and having a plasma viral load for  >500 copies/mL for 
a greater proportion of follow-up time) in the univari-
able model, these were only marginally significant in the 
multivariable model.

Although HCV coinfection has been described as a risk 
factor for the development of DM,35 we found that HCV 
coinfection, defined as ever having a positive HCV anti-
body test, was not associated with the development of DM 
in our HIV-positive cohort. These findings are consistent 
with other studies14 and add support to the hypothesis 
that HCV infection affects the risk of DM in a complex 
manner. Liver fibrosis and cirrhosis, as well as other tradi-
tional risk factors, have been linked to the development 
of DM in HCV-infected patients.36 37

Our study did not demonstrate a significant associa-
tion between obesity (high BMI) and the incidence of 
new-onset DM in PLWH. Of note, the most recent BMI 
of patients in this study was 24 kg/m2 (median), lower 
than the BMI noted in other HIV cohorts (median 
26 kg/m2).24 In part this could be related to the fact that 
many of the patients in our cohort received older ART 
medications, which can cause lipoatrophy, and they also 
exhibited relatively advanced HIV infection (as indicated 
by low CD4 nadir and history of AIDS-defining illness), 
which is generally associated with low weight. The lower 
BMI in our study population (only 24% and 8% meeting 
criteria for overweight and obesity, respectively) differs 
from previous observations of a high prevalence of obesity 
that has been described among ART-exposed HIV-in-
fected adults in the USA and Canada. In that cohort, 
after 3 years of ART, 18% of adults who were overweight 
at initiation of therapy had become obese, and 22% of 
those with a normal BMI at initiation had become over-
weight.38 The relatively low BMI in our study population 
may reflect the lower proportion of individuals in the 
general population who are overweight or obese (31% 

and 15%, respectively) within British Columbia, relative 
to Canada as a whole (33% and 20%, respectively).39 
Lower BMI in this study may also be associated with the 
relatively high proportion of individuals who inject drugs 
(38%) as injection drug use has previously been found to 
be associated with lower BMI.40

The strengths of this study are that it was conducted 
in a large cohort of older PLWH and used data from 
multiple sources to ensure as complete and accurate 
data collection as possible. However, certain limitations 
should be noted. First, the clinical data were limited 
and there was no information on some traditional risk 
factors for DM, such as family history. Likewise, while 
BMI was available, measures of visceral adiposity, such as 
waist circumference, were not collected. Fat redistribu-
tion among PLWH receiving ART can increase visceral 
adiposity; however, increased visceral adiposity remains 
associated with increased BMI and obesity within this 
population.41 42  Second, BMI and other clinical data 
were gathered in the course of routine clinical care, but 
not in a standardized fashion. In addition, this study did 
not exclude patients who may have developed latent 
autoimmune diabetes as an adult; as patients on insulin 
were included, this diagnosis cannot be excluded. While 
HbA1C can underestimate the diagnosis of DM in PLWH 
if they have anemia, due to short red blood cell life span, 
in this cohort the mean hemoglobin was in the normal 
range at 139.8 g/dL. It is unlikely many DM cases were 
overlooked since multiple other criteria (fasting glucose 
and pharmacological history) were used to define DM 
in addition to HbA1C; indeed, only one-third of those 
diagnosed with DM had a HbA1C result on file. Lastly, 
the retrospective nature of this study did not allow us to 
match cases to a control group.

There are important clinical implications from the 
findings of this study. Healthcare providers should follow 
existing DM and HIV treatment guidelines,43 which 
recommend that fasting blood sugar and HbA1C be 
obtained prior to and after starting ART. Although the 
ART agents currently in use are less likely to cause meta-
bolic toxicities than the older ones, the incidence of DM 
is relatively high in the general population and even 
higher in patients infected with HIV. These findings also 
support recommendations for early initiation of ART, 
given that patients with better immune and virological 
control had a lower incidence of DM.

In conclusion, the incidence of DM in this cohort of 
older HIV-positive patients was higher than in the general 
population in Canada. Longer exposure to ART agents 
and the use of older drugs were associated with a higher 
incidence of DM in our study. On the other hand, obesity, 
HCV coinfection, and older age were not associated with 
the incidence of DM in this cohort. The incidence of 
DM is likely to decline in PLWH who initiated ART more 
recently with the use of newer ART agents.
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