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ABSTRACT
Introduction Increasing evidence indicates that chronic 
hepatitis C virus (HCV) infection is associated with higher risk 
of diabetes. Previous studies showed ethnic disparities in 
the disease burden of diabetes, with increased risk in Asian 
population. We described the incidence of type 2 diabetes 
related to HCV infection and assessed the concurrent impact of 
HCV infection and ethnicity on the risk of diabetes.
Research design and methods In British Columbia Hepatitis 
Testers Cohort, individuals were followed from HCV diagnosis to 
the earliest of (1) incident type 2 diabetes, (2) death or (3) end 
of the study (December 31, 2015). Study population included 
847 021 people. Diabetes incidence rates in people with and 
without HCV were computed. Propensity scores (PS) analysis 
was used to assess the impact of HCV infection on newly 
acquired diabetes. PS- matched dataset included 117 184 
people. We used Fine and Gray multivariable subdistributional 
hazards models to assess the effect of HCV and ethnicity on 
diabetes while adjusting for confounders and competing risks.
Results Diabetes incidence rates were higher among people 
with HCV infection than those without. The highest diabetes 
incidence rate was in South Asians with HCV (14.7/1000 
person- years, 95% CI 12.87 to 16.78). Compared with Others, 
South Asians with and without HCV and East Asians with HCV 
had a greater risk of diabetes. In the multivariable stratified 
analysis, HCV infection was associated with increased diabetes 
risk in all subgroups: East Asians, adjusted HR (aHR) 3.07 (95% 
CI 2.43 to 3.88); South Asians, aHR 2.62 (95% CI 2.10 to 3.26); 
and Others, aHR 2.28 (95% CI 2.15 to 2.42).
Conclusions In a large population- based linked administrative 
health data, HCV infection was associated with higher diabetes 
risk, with a greater relative impact in East Asians. South Asians 
had the highest risk of diabetes. These findings highlight the 
need for care and screening for HCV- related chronic diseases 
such as type 2 diabetes among people affected by HCV.

INTRODUCTION
Hepatitis C virus (HCV) infection is the 
leading cause of liver- related morbidity 
and mortality, and is also associated with 
increased risk of non- liver- related morbidities, 
including renal and cardiovascular diseases, 

Significance of this study

What is already known about this subject?
 ► Increasing evidence indicates that hepatitis C 
virus (HCV) infection is associated with higher 
diabetes risk. Studies show ethnic disparities in 
diabetes burden, with increased risk in the Asian 
population.However, evidence on the ethnic dis-
parity in risk of diabetes associated with HCV 
infection is scarce.

What are the new findings?
 ► In this analysis, we described the incidence of 
diabetes mellitus by HCV infection and assessed 
the ethnic disparity in the impact of HCV on di-
abetes risk.

 ► The findings showed that HCV infection was associ-
ated with a greater risk of type 2 diabetes.

 ► The incidence of diabetes mellitus was greater 
among individuals with chronic HCV infection 
compared with those without HCV infection.It 
was revealed that in this large population- based 
cohort in British Columbia, Canada, South Asian 
people with and without HCV infection had the 
highest risk of diabetes; however, HCV infection 
had the greatest relative impact on incident dia-
betes among East Asian people.

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

 ► HCV infection could increase the risk of develop-
ing diabetes if the infection is not diagnosed and 
treated timely. In addition, existing disparities in 
diabetes burden could be further exacerbated by 
HCV infection.

 ► Early diagnosis, treatment and elimination of HCV 
infection may contribute to reducing the overall 
incidence of type 2 diabetes as well as the ethnic 
disparity in the overall diabetes burden.

 ► People with chronic HCV infection may benefit 
from continuous monitoring and management of 
metabolic diseases such as diabetes mellitus.
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and metabolic diseases such as type 2 diabetes.1–3 There is 
growing evidence in the literature that people affected by 
HCV have a greater risk of developing diabetes,4–7 despite 
some conflicting findings in previous population- based 
studies.8–10 Although the pathogenesis of HCV- related 
diabetes mellitus is less clear, some possible underlying 
mechanisms include the interaction of HCV core proteins 
with hepatocytes disrupting the insulin signaling cascade 
and impairing the pancreatic β-cell function involved in 
glucose metabolism.7 11 This leads to increased insulin 
resistance in individuals with chronic HCV infection. In 
addition, liver damage and inflammation caused by HCV 
infection in these individuals could further increase the 
risk of diabetes.12

It has also been suggested that the impact of HCV infec-
tion on diabetes mellitus may vary across different ethnic 
groups, as HCV- related morbidity and mortality differ 
by ethnicity.13 14 For instance, in a US study conducted 
among people with HCV infection, Latin American 
people had the highest prevalence of pre- diabetes, 
followed by African–American, and white people (70%, 
50%, 12%, respectively).15 Studies based in the USA and 
Europe have shown significant ethnic disparities in the 
overall distribution of diabetes, with non- white people 
having a higher prevalence.16–19 Asian people had a 
high prevalence of cardiometabolic diseases such as 
type 2 diabetes and hypertension compared with other 
ethnic groups even at lower body mass index (BMI).16 
The distribution of diabetes according to HCV infection 
status across different ethnic groups in Canada remains 
unknown. Major ethnic groups in Canada include people 
from South and East Asia; according to the 2016 Census, 
there were more than 6 million people in Canada who 
reported being of Asian ancestry, with Chinese and Indian 
being the two most commonly reported ancestries.20 In 
British Columbia (BC), close to 30% of the population 
are of Asian origins, most of whom are foreign- born,20 
from countries that have a high prevalence of HCV.21

In BC, there have been more than 70,000 people diag-
nosed with HCV infection and about 460,000 people 
diagnosed with diabetes.22–24 As people living with 
HCV infection and diabetes concurrently have greater 
morbidity and mortality risks,6 7 25 identifying popula-
tion subgroups with higher comorbidity of HCV infec-
tion and diabetes would serve as valuable evidence to 
inform targeted HCV screening and management strat-
egies to reduce disease burden related to diabetes. This 
study analysed population- based data from the BC Hepa-
titis Testers Cohort (BC- HTC)26 to assess the impact of 
HCV infection on the incidence of type 2 diabetes, and 
to investigate the differing impact of HCV infection on 
diabetes risk across ethnic groups in BC.

RESEARCH DESIGN AND METHODS
Data source, design and study population
This analysis was performed using data from the 
BC- HTC, a longitudinal cohort study that includes data 

on ~1.3 million people who are tested for HCV at the BC 
Centre for Disease Control (BCCDC) Public Health Labo-
ratory or reported as a case of HCV in BC since 1990. This 
population- based cohort is integrated through a personal 
health number with various administrative healthcare 
datasets such as medical visits, emergency visits, hospital 
discharge data, drug dispensations, cancer registry as well 
as vital statistics. The methodology and data linkages of 
BC- HTC have been described elsewhere.26 Data linkages 
to create the BC- HTC were enabled under the auspices of 
the BCCDC’s public health mandate and were reviewed 
and approved by the University of British Columbia 
Behavioural Research Ethics Board (No: H14-01649).

Study sample and variables
People in the BC- HTC who have ever tested for anti- HCV 
by December 31, 2014, were included in this analysis. 
This date was chosen to allow sufficient follow- up time to 
measure incident cases of diabetes. We excluded individ-
uals who (1) had a death date prior to or on the same day 
as HCV diagnosis; (2) had a prevalent diagnosis of type 
1 or type 2 diabetes at baseline; (3) had no follow- up; 
(4) had missing information on sex, age at diagnosis or 
material/social deprivation; or (5) were HCV positive 
and started HCV treatment but did not meet 12- week 
eligibility criteria (figure 1). Online supplemental table 1 
shows criteria and data sources for the BC- HTC. Diabetes 
mellitus was defined at the occurrence of the second of 
two physician visits, within 1 year, or one hospitalization 
diagnostic code for diabetes mellitus, or the prescrip-
tion of at least two oral hypoglycemic drugs or insulin 
within 1 year. This definition is based on a previously 
validated algorithm to identify diabetes from adminis-
trative data,27 modified with additional information on 
medication dispensations and ICD-9/10 supplementary 
codes. In this analysis, we defined HCV- positive individ-
uals as those who had a positive result for HCV laboratory 
test (antibody, RNA PCR or genotype) or confirmed as 
HCV case or determined from HCV treatment dispen-
sation. HCV- negative individuals included those who 
had a negative test result on their last test. The baseline 
for HCV- positive individuals was the earliest of the first 
positive HCV test date or reported as HCV or treatment 
initiation. For HCV- negative individuals, the baseline 
was the last date where they had a negative anti- HCV or 
HCV RNA test. Ethnicity was determined with two vali-
dated name recognition programs, Onomap and Nam 
Pechan,28 29 and classified as ‘South Asian’ (Pakistani, 
Indian, Bangladeshi, Nepalese, Sri Lankan), ‘East Asian’ 
(Chinese, Japanese, Korean) and ‘Other’ (all other resi-
dents of BC including white, Indigenous, black, Latin 
American, Pacific Islander, Central/West Asian, Filipino 
and Southeast Asian). Individuals were followed from 
the baseline to the earliest of (1) incident case of type 
2 diabetes, (2) death (competing risk), (3) end of the 
study (December 31, 2015). As potential confounders, 
the following covariates were assessed at baseline: sex, 
age at HCV diagnosis (categorized as <25, 25–34, 35–44, 
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45–55, and ≥55), HBV/HIV infection, cirrhosis, chronic 
kidney disease, end- stage renal disease, ischemic heart 
disease, hypertension, statin use, mood and anxiety 
disorder, obesity, alcohol use disorder, injection drug 
use, and social and material deprivation quintiles. Mate-
rial and social deprivation quintiles are based on the 
Quebec Index of Material and Social Deprivation30 which 
combines six indicators related to health and welfare 
that represent material or social deprivation based on 
Canadian census data. These indicators are (1) propor-
tion of persons without high school diploma; (2) ratio 
of employment to population; (3) average income; (4) 
proportion of persons separated, divorced, widowed; 
(5) the proportion of single- parent families; and (6) 

proportion of people living alone. Online supplemental 
table 2 includes all variables’ definitions.

STATISTICAL ANALYSIS
Individuals who are living with chronic HCV infection 
may have different characteristics compared with those 
without infection. Therefore, we computed standardized 
mean difference (SMD)31 to compare the differences 
in the baseline characteristics between people with and 
without HCV. Most covariates had an SMD >0.2, indicating 
an imbalance.32 To assess the impact of HCV infection on 
diabetes risk while adjusting for the differences in base-
line characteristics, we estimated propensity scores (PS) 

Figure 1 Study inclusion flowchart based on the 1990–2015 British Columbia Hepatitis Testers Cohort. BC, British Columbia; 
HCV, hepatitis C virus.  on M
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based on age at HCV diagnosis, duration of follow- up, 
sex, material/social deprivation quintiles, HBV/HIV 
infection, mood and anxiety disorders, obesity, alcohol 
use disorder and injection drug use. The covariate selec-
tion for PS model was based on whether the covariates 
are risk factors of diabetes, or confounders in the rela-
tionship between HCV and diabetes,33 to create balance 
on these variables. Individuals with HCV infection were 
matched one to one with individuals without infection, 
without replacement, according to PS.34 A caliper of 
0.1 was selected in matching to minimize differences 
between matched individuals.35 PS matching provided 
the average treatment effect on the treated (ATT). As a 
sensitivity analysis, we conducted inverse probability of 
treatment weighting (IPTW) estimating ATT based on 
PS.36 In addition, as a further sensitivity analysis, we esti-
mated PS in each subgroup separately and matched on 
PS within each subgroup.

Cumulative diabetes incidence curves and incidence 
rates per 1000 person- years of follow- up (PYFU) were 
calculated in the overall study population by HCV infec-
tion status, for each ethnic group. The incidence rates 
were compared with Wald test. We created a composite 
variable that combines HCV infection and ethnicity to 
assess and compare the risk of diabetes across the six 
subgroups (Other/East Asian/South Asian without HCV 
infection; Other/East Asian/South Asian with HCV 
infection). Then, a multivariable Fine- Gray propor-
tional hazards model37 was used to compute adjusted 
subdistributional hazard ratios (aHR) for diabetes risk 
in each subgroup. Finally, we conducted a stratified anal-
ysis to compute aHR for the effect of HCV infection on 
diabetes by ethnicity. To adjust for residual confounding, 
we employed a double- robust approach by adjusting 
for covariates again in the Fine- Gray models after PS 
matching.38 To assess the effect modification of HCV 
infection by ethnicity, we included an interaction term 
in the multivariable model and performed a likelihood 
ratio test based on the analysis of deviance. In the sensi-
tivity analysis using the IPTW method, the Fine- Gray 
models were fit in the overall dataset with the IPW for 
ATT. The multivariable Fine- Gray model with IPTW also 
assessed the interaction term. The analytic dataset was 
created using SAS/STAT software V.9.439 and statistical 
analyses were performed using R, V.3.6.1.40

RESULTS
Study population characteristics
Between January 1, 1990, and December 31, 2014, 
955 852 people had received at least one anti HCV test 
in BC. After applying exclusion criteria, the overall study 
population included 847 021 people (figure 1). Among 
these, 61 570 individuals had a positive HCV diagnosis, 
and 785 451 individuals had a negative HCV diagnosis. 
People with HCV infection had longer follow- up, were 
more often materially and socially deprived, and more 
often had alcohol use disorder and injection drug use 

compared with those without HCV infection (table 1). 
After PS matching, the matched dataset included 58 592 
individuals with HCV infection and 58 592 individuals 
without infection. The SMDs were <0.2 for all covari-
ates except for ethnicity in the matched dataset. Table 1 
compares the baseline characteristics in the overall study 
population and matched dataset and presents their 
respective SMDs.

Incident diabetes by HCV infection status and ethnicity
Overall, there were 36 010 incident cases of diabetes. The 
incidence rates of diabetes were higher in people with 
HCV infection compared with those without HCV infec-
tion, in the overall study population and all ethnicities 
(p<0.001) (online supplemental table 3). In the overall 
study population, among people without HCV infection, 
there were 5.4 cases of diabetes per 1000 PYFU (95% 
confidence interval (CI) 5.34 to 5.46) and among people 
with HCV infection, 5.85 cases per 1000 PYFU (95% CI 
5.68 to 6.03). In East Asian people, among those without 
infection, the incidence of diabetes was 6.46/1000 PYFU 
(95% CI 6.25 to 6.67) and among people with infection, 
9.48/1000 PYFU (95% CI 8.15 to 11.02). In South Asian 
people, diabetes incidence was 9.5/1000 PYFU (95% 
CI 9.17 to 9.84) among people without infection and 
14.7/1000 PYFU (95% CI 12.87 to 16.78) among people 
with infection. In all other BC residents, the incidence 
of diabetes was 5.02/1000 PYFU (95% CI 4.96 to 5.08) in 
people without infection and 5.56/1000 PYFU (95% CI 
5.39 to 5.74) in those with infection. The 15- year cumula-
tive incidences of diabetes were greater in East Asian and 
South Asian people compared with Others (figure 2).

PS analysis of the relationship between HCV infection and 
diabetes
In the Fine- Gray model fit in the PS- matched dataset, 
after adjusting for the competing risk of mortality 
and potential confounders, the adjusted subdistribu-
tional HR (aHR) for the association of HCV infection 
with incident diabetes was 2.32 (95% CI 2.20 to 2.45), 
suggesting that more than twice as many individuals with 
HCV infection are experiencing newly diagnosed type 2 
diabetes compared with individuals without HCV infec-
tion (table 2). In the dataset weighted with IPW ATT, the 
aHR associated with incident type 2 diabetes was 2.29 
(95% CI 2.17 to 2.42), consistent with the results from 
the PS- matched dataset. Other factors associated with 
increased incidence of diabetes included older age at 
HCV diagnosis, history of obesity, HIV infection, mood 
and anxiety disorder, alcohol use disorder and injection 
drug use.

The effect of ethnicity in the HCV-related diabetes
Table 3 presents the aHR for each subgroup of the 
composite variable combining HCV infection and 
ethnicity. With ‘Other without HCV infection’ as the 
reference, East Asians without HCV infection had 
a slightly higher hazard (aHR 1.10 (95% CI 0.93 to 
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1.30)) and South Asians without HCV infection had 
2.34 times higher hazard of diabetes (aHR 2.34 (95% 
CI 1.98 to 2.77)). Other group with HCV infection 
had 2.27 times greater hazard of diabetes compared 

with the same group without infection (aHR 2.27 
(95% CI 2.14 to 2.41)). East Asians with HCV infec-
tion had 3.24 times greater hazard (aHR 3.24 (95% CI 
2.76 to 3.81)) and South Asians with HCV infection 

Table 1 Baseline characteristics of HCV negative and positive individuals in the overall study population and the propensity 
score (PS)- matched dataset, from the British Columbia Hepatitis Testers Cohort 1990–2015

Covariate

Overall study population PS- matched dataset*

HCV negative
(n=785 451)

HCV positive 
(n=61 570) SMD

HCV negative
(n=58 592)

HCV positive 
(n=58 592) SMD

Sex (%) 0.413 0.014

  Female 434 731 (55.3) 21 694 (35.2) 21 054 (35.9) 20 665 (35.3)

  Male 350 720 (44.7) 39 876 (64.8) 37 927 (64.7) 37 538 (64.1)

Age at HCV diagnosis (%) 0.439 0.037

  <25 122 524 (15.6) 4409 (7.2) 4485 (7.7) 4326 (7.4)

  25–34 196 472 (25.0) 13 485 (21.9) 12 109 (20.7) 12 749 (21.8)

  35–44 172 656 (22.0) 20 088 (32.6) 18 302 (31.2) 18 674 (31.9)

  45–54 125 087 (15.9) 15 300 (24.8) 15 032 (25.7) 14 604 (24.9)

  ≥55 168 712 (21.5) 8288 (13.5) 8664 (14.8) 8239 (14.1)

Follow- up duration, mean years (SD) 7.50 (5.4) 11.59 (6.4) 0.687 11.24 (5.97) 11.42 (6.42) 0.029

Ethnicity (%) 0.360 0.241

  Other† 656 110 (83.5) 58 137 (94.4) 51 401 (87.7) 55 197 (94.2)

  East Asian 78 135 (9.9) 1618 (2.6) 4465 (7.6) 1602 (2.7)

  South Asian 51 206 (6.5) 1815 (2.9) 2726 (4.7) 1793 (3.1)

Material DQ (%) 0.353 0.009

  Q1 (most privileged) 175 410 (22.3) 8242 (13.4) 8004 (13.7) 8052 (13.7)

  Q2 154 413 (19.7) 9764 (15.9) 9357 (16.0) 9445 (16.1)

  Q3 157 151 (20.0) 10 946 (17.8) 10 443 (17.8) 10 567 (18.0)

  Q4 157 680 (20.1) 14 117 (22.9) 13 491 (23.0) 13 432 (22.9)

  Q5 (most deprived) 140 797 (17.9) 18 501 (30.0) 17 297 (29.5) 17 096 (29.2)

Social DQ (%) 0.362 0.009

  Q1 (most privileged) 141 254 (18.0) 6321 (10.3) 6303 (10.8) 6236 (10.6)

  Q2 139 115 (17.7) 7726 (12.5) 7538 (12.9) 7560 (12.9)

  Q3 143 967 (18.3) 10 167 (16.5) 9720 (16.6) 9826 (16.8)

  Q4 164 587 (21.0) 13 022 (21.1) 12 387 (21.1) 12 503 (21.3)

  Q5 (most deprived) 196 528 (25.0) 24 334 (39.5) 22 644 (38.6) 22 467 (38.3)

HBV infection (%) 10 781 (1.4) 947 (1.5) 0.014 744 (1.3) 821 (1.4) 0.011

HIV infection (%) 1596 (0.2) 1676 (2.7) 0.211 917 (1.6) 939 (1.6) 0.003

Cirrhosis (%) 4919 (0.6) 877 (1.4) 0.079 514 (0.9) 817 (1.4) 0.049

CKD (%) 14 995 (1.9) 532 (0.9) 0.089 801 (1.4) 497 (0.8) 0.050

ESRD (%) 5490 (0.7) 356 (0.6) 0.015 405 (0.7) 304 (0.5) 0.022

IHD (%) 36 799 (4.7) 1572 (2.6) 0.114 2430 (4.1) 1518 (2.6) 0.086

Hypertension (%) 105 284 (13.4) 4224 (6.9) 0.218 6359 (10.9) 4090 (7.0) 0.136

Statin use (%) 52 698 (6.7) 1170 (1.9) 0.239 3149 (5.4) 1142 (1.9) 0.183

Mood and anxiety disorder (%) 270 332 (34.4) 23 440 (38.1) 0.076 22 159 (37.8) 21 594 (36.9) 0.020

Obesity (%) 19 043 (2.4) 967 (1.6) 0.061 990 (1.7) 950 (1.6) 0.005

Alcohol use disorder (%) 30 368 (3.9) 10 286 (16.7) 0.432 8943 (15.3) 8458 (14.4) 0.023

Injection drug use (%) 18 789 (2.4) 11 172 (18.1) 0.537 8780 (15.0) 8529 (14.6) 0.012

*The propensity score (PS)- matched dataset was created by matching individuals with HCV infection with individuals without infection with a caliper of 0.1 at a 1:1 
ratio without replacement. PS was estimated based on age at HCV diagnosis, duration of follow- up, sex, material/social deprivation quintiles, HBV/HIV infection, 
mood and anxiety disorders, obesity, alcohol use disorder and injection drug use.
†Other included white, Indigenous, black, Latin American, Pacific Islander, Central/West Asian, Filipino, Southeast Asian and other residents of British Columbia.
CKD, chronic kidney disease; DQ, deprivation quintiles; ESRD, end- stage renal disease; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human 
immunodeficiency virus; IHD, ischemic heart disease; PS, propensity scores; Q, quintile; SD, standard deviation; SMD, standardized mean difference.
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Figure 2 The 15- year cumulative incidence curves for 
diabetes by hepatitis C virus (HCV) infection status and 
ethnicity from the British Columbia Hepatitis Testers 
Cohort 1990–2015. (A) Cumulative incidence of diabetes in 
individuals with and without HCV infection by ethnicity, over 
15 years of follow- up. Online supplemental table 3 presents 
overall incidence rates and 15- year cumulative incidences. 
Solid lines: cumulative incidence of type 2 diabetes; dashed 
lines: 95% confidence intervals. (B) Cumulative incidence 
of diabetes in individuals without HCV infection by ethnicity, 
over 15 years of follow- up. (C) Cumulative incidence of 
diabetes in individuals with and without HCV infection by 
ethnicity, over 15 years of follow- up. Online supplemental 
table 3 presents overall incidence rates and 15- year 
cumulative incidences. Solid lines: cumulative incidence of 
type 2 diabetes; dashed lines: 95% confidence intervals.

Table 2 Impact of HCV infection on diabetes risk between 
1990–2015 in British Columbia Hepatitis Testers Cohort, 
using multivariable Fine- Gray subdistribution proportional 
hazards models

Covariate
aHR (95% CI),
PS- matched dataset*

aHR (95% CI),
PS- weighted dataset†

HCV positive 2.32 (2.20 to 2.45) 2.29 (2.17 to 2.42)

Male sex 1.16 (1.10 to 1.23) 1.15 (1.09 to 1.21)

Age at HCV diagnosis (years)

  <25 1 (ref) 1 (ref)

  25–34 1.82 (1.51 to 2.19) 1.71 (1.42 to 2.05)

  35–44 3.18 (2.67 to 3.79) 2.95 (2.48 to 3.51)

  45–54 5.81 (4.88 to 6.92) 5.49 (4.62 to 6.52)

  ≥55 9.11 (7.62 to 10.89) 8.57 (7.19 to 10.22)

Ethnicity

  Other 1 (ref) 1 (ref)

  East Asian 1.26 (1.12 to 1.41) 1.30 (1.16 to 1.46)

  South Asian 2.46 (2.20 to 2.74) 2.48 (2.22 to 2.77)

Material deprivation quintiles

  Q1 (most 
privileged)

1 (ref) 1 (ref)

  Q2 1.11 (1.01 to 1.23) 1.12 (1.02 to 1.24)

  Q3 1.18 (1.08 to 1.30) 1.17 (1.07 to 1.28)

  Q4 1.14 (1.04 to 1.25) 1.13 (1.04 to 1.24)

  Q5 (most 
deprived)

1.18 (1.08 to 1.29) 1.17 (1.07 to 1.27)

Social deprivation quintiles

  Q1 (most 
privileged)

1 (ref) 1 (ref)

  Q2 1.07 (0.97 to 1.18) 1.01 (0.92 to 1.12)

  Q3 0.99 (0.90 to 1.09) 0.96 (0.87 to 1.05)

  Q4 1.01 (0.92 to 1.11) 0.97 (0.88 to 1.06)

  Q5 (most 
deprived)

0.95 (0.87 to 1.04) 0.92 (0.84 to 1.00)

Obesity 2.42 (2.11 to 2.77) 2.49 (2.17 to 2.86)

HBV positive 1.15 (0.93 to 1.41) 1.14 (0.93 to 1.40)

HIV positive 1.50 (1.09 to 1.89) 0.99 (0.81 to 1.19)

Mood and 
anxiety disorder

1.15 (1.09 to 1.22) 1.18 (1.11 to 1.25)

Alcohol use 
disorder

1.23 (1.14 to 1.33) 1.11 (1.03 to 1.20)

Injection drug 
use

1.38 (1.27 to 1.50) 1.05 (0.97 to 1.14)

*The propensity score (PS)- matched dataset was created by matching 
individuals with HCV infection with individuals without infection with 
a caliper of 0.1 at a 1:1 ratio without replacement. PS was estimated 
based on age at HCV diagnosis, duration of follow- up, sex, material/
social deprivation quintiles, HBV/HIV infection, mood and anxiety 
disorders, obesity, alcohol use disorder and injection drug use.
†The PS- weighted dataset used inverse probability weights (IPW) 
estimating the average treatment effect on the treated (ATT). PS were 
estimated based on age at HCV diagnosis, duration of follow- up, sex, 
material/social deprivation quintiles, HBV/HIV infection, mood and 
anxiety disorders, obesity, alcohol use disorder and injection drug 
use.
aHR, adjusted hazard ratios; CI, confidence interval; HBV, hepatitis B 
virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus; PS, 
propensity scores; Q, quintile.
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had 5.76 times greater hazard (aHR 5.76 (95% CI 
4.98 to 6.67)) compared with ‘Other without HCV 
infection’ group. IPW ATT weighted analysis showed 
similar aHR (table 3). Online supplemental figure 1 
illustrates the impact of HCV infection and ethnicity 
on diabetes risk, adjusting for covariates.

In further analysis, the subdistributional hazards 
were calculated with Fine- Gray models in the matched 
dataset stratified by ethnicity (online supplemental 
table 4). Although the 95% CIs overlap between 
South Asian people and Others, aHRs associated with 
diabetes were greater for individuals with HCV infec-
tion in East Asian and South Asian people, compared 
with Others: among East Asians, people with HCV 
had 3.07 times higher hazards (95% CI 2.43 to 3.88); 
among South Asians, people with HCV had 2.62 times 
higher hazards (95% CI 2.10 to 3.26), and all other 
people with HCV had 2.28 times higher hazards 
(95% CI 2.15 to 2.42) of diabetes compared with those 
without infection. Lastly, when we estimated PS in 
each subgroup separately and matched on PS within 
each subgroup as a further sensitivity analysis, similar 
aHRs were observed (online supplemental table 5).

DISCUSSION
Summary of the study findings
In this large, population- based longitudinal cohort of 
847 021 individuals in British Columbia, we found a 
higher incidence rate of type 2 diabetes in individuals 
with HCV infection compared with those without (5.85 
vs 5.40 per 1000 PYFU, respectively; p value<0.001). 

The highest diabetes incidence rate was in South 
Asian people with HCV infection, with 14.7 cases of 
incident diabetes per 1000 PYFU (95% CI 12.87 to 
16.78). Furthermore, the incidence rates of diabetes 
were higher in both people with and without HCV 
infection among East Asian and South Asian people, 
compared with the overall population. The findings 
from both PS matched and weighted analyses showed 
that individuals with HCV infection were more than 
twice as likely to develop type 2 diabetes compared 
with those without infection. The incidence rate of 
diabetes in non- Asian BC residents without HCV 
infection was 5.02/1000 PYFU (95% CI 4.96 to 5.08) 
compared with 5.56/1000 PYFU (95% CI 5.39 to 5.74) 
in those with infection. It is important to note that 
these incidence rates are unadjusted. By matching 
individuals with HCV infection to those without 
infection based on PS to create balance in the base-
line characteristics, and by adjusting for confounders 
such as sex, age and other comorbidities, we assessed 
the effect of HCV infection on incidence of diabetes 
while minimizing bias. Furthermore, when looking at 
the combined effect of HCV infection and ethnicity, 
we observed an increased risk of diabetes associated 
with HCV infection across all ethnicities. South Asian 
people had the greatest diabetes risk compared with 
Others. Of note, East Asian people without HCV 
infection had a similar diabetes risk as Others without 
infection; however, with HCV infection, this risk was 
much higher compared with Others with HCV infec-
tion, reinforcing the potential of effect modification 
in East Asian people. The stratified analysis in each 
ethnic group showed that HCV infection may have a 
greater impact on diabetes risk in Asian population 
compared with Others. Based on current evidence, 
it is unclear why chronic HCV infection may have a 
greater impact on diabetes risk in East Asians. However, 
it is known that Asian population has a higher risk of 
developing non- alcoholic fatty liver disease (NAFLD) 
with lower weight and BMI compared with other 
ethnic groups, which in turn can also increase the risk 
of developing metabolic diseases.41–43 It is suggested 
that differential distribution of visceral adipose 
tissue, high cholesterol diet and genetic background 
may be associated with the development of NAFLD in 
Asian people.41 Perhaps chronic liver diseases such as 
NAFLD or hepatitis C infection have a greater impact 
on developing diabetes in Asian population due to 
genetic or biological differences in gastrointestinal 
disorders. More research is needed to understand the 
ethnic differences in the relationship between HCV 
infection and diabetes.

Comparison with existing literature
Overall, the findings from this study support the 
mounting evidence in the literature that showed an asso-
ciation between HCV infection and metabolic diseases.4–7 
In a cohort study based in Taiwan, Lin et al5 found that 

Table 3 Impact of HCV infection and ethnicity on 
diabetes risk between 1990–2015 in British Columbia 
Hepatitis Testers Cohort, using multivariable Fine- Gray 
subdistribution proportional hazards models*

Covariate

aHR (95% CI),
PS- matched 
dataset

aHR (95% CI),
PS- weighted 
dataset

HCV- negative 
Other

1 (ref) 1 (ref)

HCV- negative 
East Asian

1.10 (0.93 to 1.30) 1.21 (1.02 to 1.42)

HCV- negative 
South Asian

2.34 (1.98 to 2.77) 2.42 (2.05 to 2.87)

HCV- positive 
Other

2.27 (2.14 to 2.41) 3.18 (2.70 to 3.73)

HCV- positive 
East Asian

3.24 (2.76 to 3.81) 2.27 (2.14 to 2.40)

HCV- positive 
South Asian

5.76 (4.98 to 6.67) 5.71 (4.93 to 6.60)

*Multivariable models were adjusted with sex, age at HCV 
diagnosis, material and social deprivation quintiles, HBV/HIV 
infection, obesity, mood and anxiety disorders, alcohol use 
disorder and injection drug use.
aHR, adjusted hazard ratios; CI, confidence interval; HCV, hepatitis 
C virus; PS, propensity scores.
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individuals with HCV infection had over 60% higher 
hazard of developing diabetes compared with those 
without infection (aHR 1.63 (95% CI 1.31 to 2.02)). Our 
analysis indicated an even higher hazard, as individuals 
with HCV infection in the BC- HTC experienced more 
than 2.32 times higher hazard for diabetes than those 
without infection. Furthermore, this analysis showed an 
increased risk of diabetes in Asian population. In East 
Asian people, HCV infection had the greatest relative 
impact on incident diabetes compared with other groups 
(aHR 3.07 (95% CI 2.43 to 3.88)). On the other hand, 
South Asian people had the greatest risk of diabetes with 
and without HCV infection compared with other groups. 
Previous studies based in the USA have shown the pres-
ence of ethnic disparities in diabetes44–46; however, there 
is limited evidence on the impact of HCV infection on 
diabetes in South and East Asian population. Asians have 
a high prevalence of cardiometabolic diseases and South 
Asians have a particularly high risk of diabetes.18 19 47 48 
Burden of HCV is very high in some Asian countries such 
as Pakistan, India and China.49 HCV infection may 
further increase the risk of diabetes in populations with 
higher burden of diabetes if HCV is not treated early in 
the course of infection. Our findings suggest that existing 
disparities in diabetes burden could be further exacer-
bated by HCV. However, curative HCV treatment could 
reduce HCV indented disparities in diabetes burden.

Strengths and limitations
This study has several strengths. First, to our knowledge, 
this is one of the first studies that used large- scale linked 
administrative data to illustrate the characteristics of 
people who developed diabetes following a positive HCV 
diagnosis. The large sample size and sufficient follow- up 
time in the BC- HTC allowed us to estimate the effect of 
HCV infection on incident diabetes at a population level. 
Second, as the BC- HTC is a longitudinal cohort data,26 
it was possible to establish the temporality in the associ-
ation between HCV infection and type 2 diabetes. Even 
though this is an observational study, analyses using PS 
allowed for a less biased assessment of the impact of HCV 
infection on incident diabetes by balancing the base-
line characteristics between individuals living with and 
without HCV infection.34 Moreover, the robustness of our 
findings is supported by the consistent results from the 
PS- matched dataset and the overall weighted dataset. In 
addition, studies assessing the impact of HCV infection 
on diabetes across different ethnic groups are scarce. 
In this analysis, we were able to identify South and East 
Asian people in the study cohort with high specificity. 
In an internal validation study, Nam Pechan had high 
sensitivity (91.2%) and specificity (95.9%) for identifying 
South Asians, and Onomap identified East Asians with 
high sensitivity (99.5%) but lower sensitivity (66.7%). 
Although there may still be some misclassification of 
South and East Asians in the ‘Other’ group, this would 
have biased the estimates toward the null. By analyzing 
data from the ethnically diverse population of BC, we 

were able to examine and compare the impact of HCV 
infection on diabetes in East and South Asian people 
compared with Others.

Finally, as the BC- HTC is linked with various admin-
istrative data, we have accounted for several important 
confounders as well as the competing risk of mortality 
to estimate a more accurate measure of association 
between HCV and diabetes. The BC- HTC is a compre-
hensive population- based cohort representative of the 
BC population,26 which improves the generalizability of 
our results.

This study also has several limitations and the findings 
should be interpreted with caution. As the BC- HTC is 
based on linked health administrative data, study vari-
ables were assessed from administrative information. 
Diabetes and obesity are particularly challenging to iden-
tify from these types of data as many cases, such as pre- 
diabetes, may not be formally diagnosed and may lead to 
some misclassification. However, this misclassification is 
likely to be non- differential between individuals with or 
without HCV infection and the bias would be toward the 
null. There remains some unmeasured confounding,50 
such as individuals’ education level, smoking history, BMI, 
diet and lifestyle factors, and serum levels of lipids. For 
instance, it has been suggested previously that whether 
or not an association is found between HCV infection 
and diabetes is influenced by the inclusion of indicators 
such as bilirubin, lipid and albumin serum levels which 
demonstrate liver and kidney functions, information that 
is not available in this analysis.51 To mitigate the residual 
confounding, we adopted a double- robust approach after 
matching based on PS, by adjusting for covariates again 
in the Fine- Gray subdistribution proportional hazards 
models.38

CONCLUSION
Individuals who are affected by diabetes and HCV 
infection concurrently are at an increased risk of other 
morbidities, including the progression of liver- related 
and non- liver- related diseases, and mortality.52 Our 
analysis showed that HCV infection increases the risk of 
diabetes in the overall population and has a greater rela-
tive impact on diabetes in East Asian people compared 
with other ethnicities. Moreover, South Asian population 
experienced the greatest risk of diabetes even without 
HCV infection, and the risk increased further with infec-
tion. Several studies have shown that successful HCV 
treatment among HCV- positive individuals is, in turn, 
associated with decreased incidence of diabetes.53–56 
These findings indicate that early treatment of HCV infec-
tion may reduce disparities in diabetes incidence to some 
extent. Based on the increased diabetes risk associated 
with chronic HCV infection among East Asian people and 
the relative high risk of diabetes in South Asian people, it 
is essential to scale up the care and screening programs 
for not only chronic HCV infection but also diabetes and 
other metabolic diseases. The results of this study further 
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highlight the need for early diagnosis of HCV infection, 
linkage to care and continued care and screening for 
HCV- related chronic diseases.
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