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ABSTRACT
Introduction  The burden of type 2 diabetes mellitus 
(T2DM) and related vascular complications is particularly 
high in Asians and ethnic minorities living in the West. 
However, the association of T2DM with socioeconomic 
status (SES) and ethnicity has not been widely studied 
in populations living in Asia. Therefore, we investigated 
these associations among the multiethnic population with 
uncontrolled hypertension in Singapore.
Research design and methods  In a cross-sectional 
study using baseline data of a 2-year randomized trial in 
Singapore, we obtained demographic, SES, lifestyle and 
clinical factors from 915 patients aged ≥40 years with 
uncontrolled hypertension. T2DM was defined as having 
either: (i) self-reported ‘physician-diagnosed diabetes 
confirmed through medical records’ or taking antidiabetes 
medications, (ii) fasting blood glucose levels ≥7.0 mmol/
dL or (iii) hemoglobin A1c ≥6.5%. The SES proxies included 
education, employment status, housing ownership and 
housing type, and the ethnicities were Chinese, Malays and 
Indians. Logistic regression analyses were used to evaluate 
the association of T2DM with SES and ethnicity.
Results  Higher proportion of T2DM was observed in 
Malays (40.0%) and Indians (56.0%) than Chinese (26.8%) 
(p<0.001), and in patients with lower SES (ranging from 
25.7% to 66.2% using different proxies) than those with 
higher SES (19.4% to 32.0%). In a multivariate model 
comprising age, gender, ethnicity and SES, Malay ethnicity 
(OR 1.59; 95% CI 1.04 to 2.44, p=0.031) or Indian ethnicity 
(OR 3.65; 95% CI 2.25 to 5.91, p<0.001) versus Chinese 
and housing type (residing in one to three rooms (OR 
2.00; 95% CI 1.16 to 3.43, p=0.012) or four to five rooms 
public housing (OR 1.86; 95% CI 1.13 to 3.04, p=0.013) vs 
private housing) were associated with higher T2DM odds. 
The associations of Indians and one to three rooms public 
housing with T2DM met the significance after accounting 
for multiple testing (p≤0.0125).
Conclusion  Our study suggests that housing type and 
ethnic variation are independently associated with higher 
T2DM risk in patients with uncontrolled hypertension in 
Singapore. Further studies are needed to validate our 
results.
Trial registration number  NCT02972619.

INTRODUCTION
The prevalence of type 2 diabetes mellitus 
(T2DM) is increasing globally. According to 

the International Diabetes Federation, the 
total adult population with diabetes in the 
world is 463 million, out of which approx-
imately 90% have T2DM.1 T2DM is asso-
ciated with vascular complications such as 
kidney failure, blindness, lower limb ampu-
tation, ischemic heart disease and stroke.2 

Significance of this study

What is already known about this subject?
►► Identifying type 2 diabetes mellitus (T2DM) in pa-
tients with uncontrolled hypertension is crucial to 
the prevention of vascular complications.

►► The association between T2DM and socioeconomic 
status (SES) has not been consistent.

►► Higher risk of T2DM has been shown to be associ-
ated with lower SES in high-income countries, and 
with higher SES in low-income and middle-income 
countries in the general population.

►► South Asians have been shown to have higher risk 
of T2DM compared with other ethnicities due to a 
complex interplay of risk factors.

►► However, the independent association between SES 
and ethnicity with T2DM in the Asian population with 
uncontrolled hypertension is not clear yet.

What are the new findings?
►► A significant association of T2DM with Indian eth-
nicity (vs Chinese) and housing type (public housing 
vs private housing) independent of other sociode-
mographic factors was observed in patients with 
uncontrolled hypertension seeking care at the poly-
clinics in Singapore.

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

►► From the perspective of clinical practice, our re-
sults implied that identifying and risk stratifying 
patients with uncontrolled hypertension at T2DM 
risk using ethnicity and housing type may be ben-
eficial for targeted public health services to reduce 
inequities in T2DM and developing personalised and 
ethnicity-centric interventions to prevent and man-
age T2DM in patients with uncontrolled hypertension 
in Singapore.

http://drc.bmj.com/
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http://dx.doi.org/10.1136/bmjdrc-2020-002064
http://dx.doi.org/10.1136/bmjdrc-2020-002064
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjdrc-2020-002064&domain=pdf&date_stamp=2021-07-22
NCT02972619


2 BMJ Open Diab Res Care 2021;9:e002064. doi:10.1136/bmjdrc-2020-002064

Epidemiology/Health services research

Additionally, in the USA approximately 74% of patients 
with diabetes have co-existing uncontrolled hyperten-
sion, which further elevates the risk of vascular diseases.3 
Furthermore, clinical trials have demonstrated the 
importance of blood pressure (BP) control to prevent 
macrovascular and microvascular diseases in patients with 
diabetes and co-existing hypertension.4 Thus, preventing 
and treating T2DM early in patients with uncontrolled 
hypertension is crucial.

The influence of socioeconomic status (SES) on the 
health of individuals has been widely researched in recent 
times. SES is a complex concept that describes the posi-
tion an individual occupies in the society.5 An individual’s 
SES can be described by various factors such as income, 
education, occupational class and residential locations or 
housing type.6 As these social and economic factors deter-
mine the availability of healthcare resources, occupa-
tional opportunity and affordability for healthier lifestyle 
choices, the differences in SES may subsequently impact 
health outcomes including T2DM.6 Some studies have 
shown that SES is associated with T2DM.7–14 Interestingly, 
studies conducted in high-income countries such as the 
UK, Canada, Korea and Australia found that lower SES 
was associated with higher T2DM risk,7–10 13 while studies 
in low- and middle-income countries such as Bangladesh, 
India and Nigeria showed the opposite.11 12 14

Another factor that may influence disease risk profiles 
including T2DM is ethnicity. The differences in envi-
ronmental, socioeconomic, physiological, genetic and 
behavioural factors amid ethnic groups may have resulted 
in differential relationships between risk factors and 
disease outcomes.15 Evidence suggested that South Asians 
have higher T2DM risk compared with other ethnicities, 
often with earlier onset and poorer outcomes.16 The 
racial and ethnic predisposition for T2DM arises from a 
complex interplay between risk factors such as genetics, 
environmental, lifestyle and dietary-related factors over 
the life course of Asians.16 Thus, SES could be a potential 
confounding factor between the ethnicity-T2DM asso-
ciation.17 So far, very few studies have investigated the 
independent association between SES and ethnicity with 
T2DM. However, the associations of T2DM with SES and 
ethnicity have not been investigated in an Asian popula-
tion with uncontrolled hypertension.

Singapore is a high-income Asian country with heavy 
burden of T2DM and hypertension. The overall preva-
lence of T2DM in Singapore has increased from 8% in 
2004 to 14.2% in 2019.1 18 According to the 2010 National 
Health Survey Singapore, 23.5% of adults aged 30 years 
or older suffered from hypertension.19 Out of these, 
about 32% have uncontrolled hypertension.19 In addi-
tion, Singapore has three major ethnic groups of Chinese 
(74.3%), Malays (13.4%) and Indians (9.0%).20 In the 
general population, Indians (17.2%) and Malays (16.6%) 
have higher T2DM prevalence than Chinese (9.7%).19 
However, it remains unclear if ethnicity is associated with 
T2DM among people with hypertension in Singapore, 
and whether the ethnic differences could be explained 

by SES. Since patients with uncontrolled hypertension 
have elevated risk of T2DM and its complications,4 21 
understanding the association of SES and ethnic varia-
tion with T2DM is key to identify high-risk patients and 
develop targeted public health strategies to prevent 
diabetes among patients with uncontrolled hypertension.

Therefore, we conducted this study to investigate the 
independent association of SES and ethnic variation with 
T2DM among patients with uncontrolled hypertension 
visiting the primary care clinics in Singapore. We hypoth-
esize that higher T2DM odds is independently associated 
with lower SES (education levels, employment status, 
housing ownership and housing types) in the study 
population.

RESEARCH DESIGN AND METHODS
Patient recruitment
The SingHypertension study is a 2-year cluster 
randomised controlled trial in Singapore which eval-
uated the effect of a multicomponent intervention in 
lowering BP compared with usual care.22 Singapore 
citizens or permanent residents aged 40 years or older 
have visited the recruiting polyclinic at least twice in 
2017–2018, and have uncontrolled BP (systolic BP ≥140 
mm Hg or diastolic BP ≥90 mm Hg) were included in the 
study. Individuals with active systemic illness including 
fever, recent hospitalisation, clinically unstable heart 
failure or advanced kidney disease (estimated Chronic 
Kidney Disease-Epidemiology Collaboration glomerular 
filtration rate <40 mL/min/1.73m2 or nephrotic range 
proteinuria (ie, ≥3 g/day)), with known liver disease, 
who are pregnant or breast feeding or with any other 
major debilitating disease or mental illness that precludes 
validity of informed consent were excluded.

Individuals diagnosed with hypertension or on antihy-
pertensive medications visiting the polyclinics involved 
in the SingHypertension study were approached by the 
trained clinical research coordinator (CRC) at the health 
monitoring station or the laboratory when they presented 
for their annual panel tests (fasting blood and urine tests) 
and invited to be screened for eligibility to participate 
in the study. All the patients underwent a computerized 
cardiovascular disease (CVD) risk scoring at triage and 
had their BP measured thrice, in the sitting position with 
arm rested, using a digital device (OMRON HEM-7130) 
by the CRC as part of prescreening. The average of the 
last two of three BP readings, obtained 3 min apart, was 
used to confirm eligibility. Those with systolic BP ≥140 
mm Hg or diastolic BP ≥90 mm Hg were considered to 
have uncontrolled hypertension, in accordance to the 
Eight Joint National Committee Criteria 2014.23 The CRC 
obtained written informed consent from eligible indi-
viduals. Following that, the CRC administered question-
naires via a face-to-face interview to obtain information 
on the individuals’ sociodemographics, comorbidities, 
diet, lifestyle, tobacco use and quality of life.
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Current study population
The current study used the baseline data of the SingHy-
pertension study. A total of 1010 patients were recruited 
between January 2017 and April 2018.22 Among them, 
73 participants were excluded (screening failure (n=25), 
consent withdrawn (n=35), polyclinic reconstruction 
(n=10) and protocol deviation (n=3)), leaving 937 
participants enrolled in the current study. A total of 22 
participants who had controlled hypertension (n=3) and 
protocol deviation (n=19) were further excluded and the 
final sample size for the current analysis was 915. The flow 
chart of the current study design is shown in figure 1.

Assessment of primary outcome
T2DM was defined as meeting one of the three criteria: 
(i) self-reported ‘physician-diagnosed diabetes confirmed 
through medical records’ or taking antidiabetes medica-
tions, (ii) fasting blood glucose levels ≥7.0 mmol/dL or 
(iii) hemoglobin A1c (HbA1c) ≥6.5%. The thresholds of 
blood tests were based on 2019 American Diabetes Asso-
ciation recommendations on the diagnosis of diabetes.24 
Each participant received a panel test of blood biomarkers 
at a subsidised cost including glucose indices (fasting 
blood glucose and HbA1c). Glucose measurements were 
assayed on the Roche Cobas c702 automated chemistry 
using Roche Diagnostics Glucose reagent.

Assessment and definition of variables
A face-to-face interview was conducted by the CRC 
with each participant using structured questionnaires 
as described below. Information on the demographics, 
SES, lifestyle and some clinical factors were collected as 
described below.

Demographic variables
Age was categorized as ‘40–65 years old’ and ‘>65 years 
old’. Ethnicity was categorized as ‘Chinese’, ‘Malays’, 
‘Indians’ and ‘others’. In the general population in 
Singapore, 74.3% were Chinese, 13.4% were Malays and 
9.0% were Indians.20

SES variables
Four variables were used as proxies for SES: (i) educa-
tion levels, (ii) current employment status, (iii) living in 
rental housing and (iv) housing types. Education levels 
were categorised into ‘primary school and below’ and 
‘secondary school and above’. Current employment 
status was classified as ‘employed’ and ‘unemployed’ 
while ‘living in rental housing’ was classified as ‘yes’ 
and ‘no’. Housing types were categorised into ‘private 
housing’ (condominium, other apartments and landed 
properties) and ‘public housing’. Public housing was 
further classified into ‘one to three rooms’ and ‘four 
to five rooms’. Housing type in Singapore is positively 
correlated with household income and often used as a 
surrogate of income status.25 Of note, housing type has 
been shown to be a proxy for SES in other studies in Singa-
pore.26 Data on self-reported monthly income (including 
money from family members) were collected; however, 
it was excluded from the current analysis because of the 
large proportion of missing values from participants who 
preferred not to report it (>40%). The proportions of 
missing value for other SES variables were small (<2%); 
therefore, we deleted the participants with missing values 
when analysing the association between respective SES 
indicator and T2DM risk.

Figure 1  Flow chart of SingHypertension and current study design.
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Lifestyle factors
Cigarette smoking was determined using questions 
adapted from the WHO Tobacco Questions for Surveys.27 
Physical activity was evaluated using the International 
Physical Activity Questionnaire 9-item short form. High 
levels of physical activity was defined as >150 min of 
moderate exercise weekly or >75 min of vigorous activity 
weekly based on the American Heart Association guide-
lines.28 We used the frequency eating at hawker center 
as a variable to measure eating-out habit since hawkers 
centers are main venues for eating-out in Singapore. 
Poor dietary quality was defined as eating uncooked 
vegetables <4 times a month and eating fruits <4 times a 
week29 (online supplemental figure 1).

Clinical factors
The participants’ BP was measured using an automated 
device (OMRON HEM-7130) after they rested for ≥5 
min in a sitting position. The right cuff size was selected 
based on the participant’s mid-arm circumference (small 
(arm circumference <23 cm), standard (23 to <33 cm) 
and large (≥33 cm)). Weight, height and waist circum-
ference (WC) were also measured for each participant 
following the WHO protocol. WC was defined as ‘desir-
able’ (men <90 cm; women <80 cm), ‘high’ (men 90 to 
<102 cm; women 80 to <88 cm) and ‘very high’ (men 
≥102 cm; women ≥88 cm) according to the WHO defi-
nition.30 Central obesity was defined as WC ≥102 cm 
in men and WC ≥88 cm in women.31 Body mass index 
(BMI) was calculated as 

‍
Weight(kg)

[Height
(
m
)
]2 ‍

, and categorized using 
Asian-specific thresholds of ‘underweight and normal’ 
(BMI<23 kg/m2), ‘overweight’ (23–<27.5 kg/m2) and 
‘obese’ (≥27.5 kg/m2) according to the WHO defini-
tion.32 Waist-to-height ratio (WHtR) was calculated as 

‍
WC(cm)

Height(cm)‍. The history of CVD and stroke were obtained 
from the baseline interview. Lastly, the lipid profile 
consisting of serum total cholesterol (TC), high-density 
lipoprotein cholesterol (HDL-c), low-density lipoprotein 
cholesterol (LDL-c) and triglycerides was measured for 
each participant.

Statistical analysis
The proportion of T2DM among participants was 
presented as count (percentage) in the overall popula-
tion. Demographic, SES, lifestyle and clinical character-
istics between the participants with and without T2DM 
were summarised using count and percentages for cate-
gorical variables and mean and SD for continuous vari-
ables. These characteristics were compared using Fisher’s 
exact test and Student’s t-test for categorical and contin-
uous variables, respectively.

Univariate and multivariable logistic regression anal-
yses were performed to examine the independent asso-
ciation between T2DM and SES. The OR, 95% CI and 
p value were calculated. Additionally, the type 3 p value 
was computed for variables with more than two catego-
ries (ethnicity, housing type, BMI and WC) to determine 
if all the categories had the same effect on T2DM risk as 

the reference category. Several models were developed 
to adjust for potential confounding factors, which were 
chosen based on clinical and statistical significance. Model 
1 included age, gender, ethnicity and SES variables. In 
addition to model 1, model 2 and 3 adjusted for lifestyle 
factors, which included smoking, dietary habits, dietary 
quality and physical activities, and central obesity (WC), 
respectively. We excluded BMI and WHtR in model 3 due 
to the collinearity with WC and included WC as previous 
studies reported it to be the best predictor of metabolic 
syndrome.33 Model 4 was the full model adjusting for 
other clinical factors (history of CVD, history of stroke, 
HDL-c, LDL-c and triglycerides) in addition to model 3. 
We excluded TC level due to the collinearity with HDL-c, 
LDL-c and triglycerides.

Moreover, an unweighted composite SES score was 
constructed as an exploratory analysis. Each SES proxy 
was converted into an ordinal variable to create the 
composite SES score following the method of previous 
studies.34 The ordinal variables of each SES proxy (coded 
as 0 and 1 for low and high SES variables, respectively) 
were summed to create a 5-level score with higher values 
corresponding to higher SES. The 5-level SES composite 
score was further categorized into low SES (0–1), medium 
SES (2) and high SES (3–4).34–36 The association between 
the composite SES score and T2DM was examined in the 
above-mentioned univariate and multivariable logistic 
regression models. All statistical analyses were done 
using IBM SPSS V.25 (Chicago, Illinois, USA), where two-
sided p value ≤0.0125 was considered to be statistically 
significant.

Furthermore, we determined the sample size required 
to obtain a power of 80% for our study using PS: Power 
and Sample Size Calculation V.3.1.6 (Vanderbilt Univer-
sity Medical Center, Tennessee, USA). Prior data37 indi-
cate that the probability of low SES (education level, job 
status, residential location and household income status) 
in controls is 0.3. If the true OR for T2DM in those with 
low SES relative to those with high SES is 1.70, we need 
at least 269 patients with T2DM and 538 control patients 
to be able to reject the null hypothesis that OR=1 with 
power 0.8. In the current study, we had 284 patients with 
T2DM and 631 patients without T2DM, thus ensuring 
sufficient sample size and power for the statistical analysis. 
We applied the Bonferroni correction and used p value 
≤0.0125 as the selection criteria to account for the four 
SES indicators we used to test the primary hypothesis.

RESULTS
Baseline characteristics
The demographic, socioeconomic, lifestyle and clinical 
characteristics of the study population are summarized 
in table 1. Among 915 patients with uncontrolled hyper-
tension, about half were above 65 years (n=448; 49.0%) 
and half were women (n=448; 49.0%). A total of 74.2% 
were Chinese, 13.1% were Malays and 9.2% were Indians. 
This ethnic distribution was similar to that of the general 

https://dx.doi.org/10.1136/bmjdrc-2020-002064


5BMJ Open Diab Res Care 2021;9:e002064. doi:10.1136/bmjdrc-2020-002064

Epidemiology/Health services research

population in Singapore (74.3% Chinese, 13.4% Malays 
and 9.0% Indians20). Moreover, 27.5% were of lower educa-
tion (primary school and below), 51.3% were unemployed, 
15.3% resided in rental housing and 85.3% resided in 
public housing (table 1).

Proportion of T2DM
A total of 284 patients (31.0%) had T2DM (table 1). The 
proportion of T2DM (%) was highest in Indians (56.0%; 
95% CI 45.3% to 66.1%) followed by Malays (40.0%; 95% 
CI 31.7% to 48.9%) and Chinese (26.8%; 95% CI 23.6% to 
30.3%). In terms of SES, the proportion of T2DM (%) was 
higher in patients with lower education (primary school 
and below: 35.9%; 95% CI 30.2% to 42.0%), currently 

unemployed (31.1%; 95% CI 27.1% to 35.5%) and living 
in public housing (33.2%; 95% CI 27.7% to 39.2% (one to 
three rooms) or 33.0%; 95% CI 29.1% to 37.2% (four to 
five rooms)) compared with those with higher education 
(secondary and above: 29.2%; 95% CI 25.8% to 32.8%), 
currently employed (30.9%; 95% CI 26.8% to 35.4%) and 
living in private housing (19.4%; 95% CI 13.6% to 26.9%). 
The proportion of T2DM by lifestyle and clinical factors is 
shown in online supplemental table 1.

Factors associated with T2DM: SES and ethnicity
Factors associated with T2DM (p≤0.05) are shown in 
online supplemental table 2. Factors associated with T2DM 
after accounting for multiple testing (p≤0.0125) are shown 

Table 1  Demographic, socioeconomic status (SES) of participants with hypertension visiting polyclinics in Singapore with 
and without type 2 diabetes mellitus (T2DM)

Variables
Proportion of T2DM (%)
(95% CI)

With T2DM*
(n=284)

Without T2DM*
(n=631)

Total
(n=915)

P value
(Fisher’s 
exact test)

Age (years), n (%) 0.046

40–65 34.0 (29.9% to 38.5%) 159 (56.0) 308 (48.8) 467 (51.0)

>65 27.9 (23.9% to 32.2%) 125 (44.0) 323 (51.2) 448 (49.0)

Gender, n (%) 0.568

Male 31.9 (27.8% to 36.3%) 149 (52.5) 318 (50.4) 467 (51.0)

Female 30.1 (26.1% to 34.5%) 135 (47.5) 313 (49.6) 448 (49.0)

Ethnicity, n (%) <0.001

Chinese 26.8 (23.6% to 30.3%) 182 (64.1) 497 (78.8) 679 (74.2)

Malay 40.0 (31.7% to 48.9%) 48 (16.9) 72 (11.4) 120 (13.1)

Indian 56.0 (45.3% to 66.1%) 47 (16.5) 37 (5.9) 84 (9.2)

Others 21.9 (11.0% to 38.8%) 7 (2.5) 25 (4.0) 32 (3.5)

Education, n (%)† 0.054

Primary school and below 35.9 (30.2% to 42.0%) 89 (31.3) 159 (25.3) 248 (27.5)

Secondary school and above 29.2 (25.8% to 32.8%) 191 (67.2) 463 (73.4) 654 (72.5)

Employment status, n (%) 1.000

Employed 30.9 (26.8% to 35.4%) 138 (48.6) 308 (48.8) 446 (48.7)

Unemployed 31.1 (27.1% to 35.5%) 146 (51.4) 323 (51.2) 469 (51.3)

Living in rental housing, n (%) 0.164

Yes 25.7 (19.2% to 33.5%) 36 (12.7) 104 (16.5) 140 (15.3)

No 32.0 (28.8% to 35.4%) 248 (87.3) 527 (83.5) 775 (84.7)

Housing type, n (%)‡ 0.007

Private housing 19.4 (13.6% to 26.9%) 26 (9.2) 108 (17.1) 134 (14.7)

Public housing (one to three rooms) 33.2 (27.7% to 39.2%) 85 (30.0) 171 (27.1) 256 (28.1)

Public housing (four to five rooms) 33.0 (29.1% to 37.2%) 172 (60.5) 349 (55.3) 521 (57.2)

Unweighted composite SES scores, 
n (%)§

0.400

Low SES 35.1 (28.6% to 42.3%) 65 (22.9) 120 (19.0) 185 (20.6)

Medium SES 30.4 (25.8% to 35.5%) 104 (36.6) 238 (37.7) 342 (38.1)

High SES 29.6 (25.2% to 34.5%) 110 (38.7) 261 (41.3) 371 (41.3)

*T2DM was defined as meeting one of the three criteria: (i) self-reported ‘physician-diagnosed diabetes confirmed through medical records’ or taking 
antidiabetes; (ii) fasting plasma glucose levels ≥7.0 mmol/dL; (iii) hemoglobin A1c ≥6.5%.
†13 missing value due to non-response.
‡4 missing value due to non-response.
§17 missing value due to non-response.

https://dx.doi.org/10.1136/bmjdrc-2020-002064
https://dx.doi.org/10.1136/bmjdrc-2020-002064
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in table 2. In the univariate analysis, ethnic variation was 
significantly associated with T2DM (type 3 p<0.001). Malays 
(OR 1.82; 95% CI 1.21 to 2.72, p=0.004) and Indians (OR 
3.46; 95% CI 2.18 to 5.51, p<0.001), had significantly 
higher T2DM odds compared with the Chinese. Among 
the SES variables, housing type had an association with 
T2DM (type 3 p=0.008) while other less direct SES proxies 
such as education levels, current employment status and 
living in rental housing did not. Higher T2DM odds was 
observed among those living in one to three rooms (OR 
2.06; 95% CI 1.25 to 3.40, p=0.005) and four to five rooms 
public housing (OR 2.04; 95% CI 1.28 to 3.26, p=0.003) 
compared with those living in private housing.

In multivariate model 1 including demographic and SES 
factors, T2DM was independently associated with ethnicity 
(type 3 p<0.001) and housing type (type 3 p=0.030). For 
ethnic variation, both Indians (OR 3.65; 95% CI 2.25 to 
5.91, p<0.001) and Malays (OR 1.59; 95% CI 1.04 to 2.44, 
p=0.031) had higher T2DM odds compared with Chinese. 
For housing type, higher T2DM odds was associated with 
residing in one to three rooms (OR 2.00; 95% CI 1.16 to 
3.43, p=0.012) and four to five rooms public housing (OR 
1.86; 95% CI 1.13 to 3.04, p=0.013) versus private housing. 
However, the association of higher T2DM odds with residing 
in four to five rooms public housing (p=0.013) and Malays 
(p=0.031) did not meet the level of significance criteria for 
multiple testing (table 2 and online supplemental table 2).

Adjustment of lifestyle factors in multivariate model 2 
(table 2 and online supplemental table 2) did not atten-
uate the association of T2DM with housing type (type 3 
p=0.044) and ethnicity (type 3 p<0.001). However, only the 
association between Indians (OR 3.50; 95% CI 2.14 to 5.74, 
p<0.001) and higher T2DM odds met the level of signifi-
cance for multiple testing.

In the fully adjusted model (model 4) comprising socio-
demographic factors, lifestyle factors, central obesity and 
other clinical factors, the association between Indians (OR 
2.53; 95% CI 1.47 to 4.36, p=0.001) and higher T2DM odds 
was observed (table 2). Furthermore, housing type was not 
associated with T2DM.

Exploratory analysis using composite SES score
The association between SES and T2DM using the 
composite SES score is shown in online supplemental 
table 3. In multivariate model 1 comprising sociode-
mographic factors, the association between composite 
SES score and T2DM was marginally significant (type 3 
p=0.061). This association was attenuated after further 
adjustment of lifestyle factors, central obesity and other 
clinical factors.

DISCUSSION
Statement of principal findings
Among 915 patients with uncontrolled hypertension 
seeking care at the polyclinics in Singapore, we found 
a significant association of T2DM with ethnic variation 
(Indians vs Chinese) and housing type (public housing vs 

private housing) independent of other sociodemographic 
factors. Of note, the association of T2DM with Indians versus 
Chinese remained significant in the fully adjusted model 
that accounted for clinical comorbidities. Our results are 
of high relevance from a public health perspective in terms 
of identification and risk stratification of patients at high 
risk of T2DM. Our findings underscore the importance of 
designing personalised and ethnicity-centric interventions 
to prevent and manage T2DM in patients with uncontrolled 
hypertension belonging to Indian ethnicity and residence 
in public housing in Singapore.

In relation to other studies
The significant association between higher T2DM odds 
and ethnic variation (Indians vs Chinese) in Singapore, 
independent of demographic and lifestyle factors, corrob-
orated with studies from the UK and the USA.13 38 39 The 
observed association may be explained by a complex 
interplay of biological, clinical, behavioral and healthcare 
system factors.13 Evidence suggests that Indians may be 
more predisposed to T2DM than Chinese.39 For example, 
majority of Indians were shown to have lower insulin sensi-
tivity40 41 and higher insulin resistance38 compared with 
Chinese, while a minority of Indians (approximately 20%) 
were shown to have lower insulin secretory capacity.42 
These ethnic differences may be further exaggerated 
by clinical and lifestyle factors, such as obesity, dietary 
imbalances and lower physical activity.43 According to the 
National Nutrition Survey 2010 conducted in Singapore, 
Indians consumed more carbohydrates, more saturated 
fats and lesser proteins than Chinese,44 which may increase 
T2DM risk by adversely affecting glucose metabolism and 
insulin resistance.43 Hence, differences in diet may partially 
explain the association between ethnic variation and higher 
T2DM odds in Singapore. Moreover, ethnic inequalities 
in healthcare provision due to differences in SES, health 
literacy, linguistics and culture13 may also contribute to 
higher T2DM risk among the Indian ethnicity. Therefore, 
our results highlight the importance of developing person-
alized and ethnicity-centric interventions targeting dietary 
and lifestyle habits of the Indian ethnicity for the preven-
tion and management of T2DM such as tailoring the health 
education messages according to the health literacy, dietary 
patterns and cultural acceptability of targeted populations 
in Singapore.

The positive association between public housing and 
higher T2DM risk observed after adjusting for sociodemo-
graphic factors is consistent with most studies conducted 
in high-income countries. The latter studies used various 
SES surrogates including lower education,9 34 lower 
income7 9 45 and deprivation45 that demonstrated an associ-
ation between lower SES and higher T2DM risk. Given our 
findings, residing in smaller public housing is likely to be 
a useful surrogate for lower SES in Singapore. Collectively, 
our findings implied that while the underlying social deter-
minants of T2DM in patients with hypertension need to be 
addressed, more healthcare resources for better access to 
healthcare could be provided in the areas with more public 

https://dx.doi.org/10.1136/bmjdrc-2020-002064
https://dx.doi.org/10.1136/bmjdrc-2020-002064
https://dx.doi.org/10.1136/bmjdrc-2020-002064
https://dx.doi.org/10.1136/bmjdrc-2020-002064
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housing compared with private housing. For example, 
health education, screening and counselling could be 
conducted at community levels to increase health aware-
ness among these areas. In addition, since moderate exer-
cise has shown to reduce the risk of T2DM,46 modifications 
to environment and infrastructure around the areas with 
more public housing (eg, having bicycle paths, running 
tracks and sports complexes47) to promote physical activity 
may also facilitate the prevention of T2DM.

Furthermore, we found that the independent associa-
tion between public housing and T2DM was attenuated by 
adjusting for clinical factors and comorbidities (eg, history 
of CVD, history of stroke and lipid profile). This was in 
contrast with previous cross-sectional studies that found 
an independent association between SES and T2DM after 
adjusting for clinical factors like BMI,7 8 11 48 WC,8 WHtR8 
and history of CVD.48 However, unlike our study, the self-
reported clinical parameters were not verified in the above-
mentioned studies. Thus, the heterogeneity may be partly 
due to the better caption on clinical risk factors in our study. 
Furthermore, those with lower SES are more likely to have 
poorer health-related behaviours and access to healthcare 
services which may result in poorer clinical factors such as 
diabetes-related comorbidities and metabolic risk factors 
compared with those with higher SES.49 These may have 
increased the risk of CVD among those with low SES. These 
results highlighted the need for further studies to investi-
gate the independent association between T2DM and SES 
by accounting for the presence of diabetes-related comor-
bidities and metabolic risk factors.

Implications of the study
This study has important implications on clinical practice 
and public health. Firstly, the suggested association of 
higher T2DM odds with Indian ethnicity and residing in 
public housing in Singapore implies that identifying and 
risk stratifying patients with uncontrolled hypertension at 
T2DM risk using ethnicity and housing type may be benefi-
cial for targeted public health services to reduce inequities 
in T2DM in Singapore. As observed in other high-income 
countries, the presence and persistence of ethnic differ-
ences in cardiometabolic risk factors and comorbidities 
can lead to disparities in cardiovascular mortality rates.50 
Secondly, the results suggested that personalised and 
ethnicity-centric interventions to prevent and manage 
T2DM in patients of Indian ethnicities and those residing 
in public housing with uncontrolled hypertension may be 
beneficial in Singapore.

Strengths and limitations of the study
To the best of our knowledge, this is the first study exam-
ining the association between SES, ethnicity and T2DM 
adjusting for lifestyle and clinical factors among patients 
with uncontrolled hypertension in Singapore. As the 
patients were recruited from eight different polyclinics 
throughout Singapore and majority of individuals (60%) 
with hypertension or diabetes are reported to seek care 
at the government polyclinics in Singapore,19 22 this study Va
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has high external validity. A major strength of this study is 
that the self-reported T2DM status, uncontrolled hyperten-
sion and other clinical parameters were verified objectively 
using standardised laboratory tests and medical records. In 
addition, since the age-specific for hypertension rises mark-
edly from age 40 years onwards in Singapore, we included 
patients aged 40 years or older in our study as preven-
tion and control of hypertension is of critical importance 
among them. Moreover, the Ministry of Health Clinical 
Practice Guideline suggests starting screening of T2DM at 
40 years of age in Singapore.51 Therefore, the inclusion of 
patients 40 years or older in the current study could also 
enable the capture of majority of T2DM cases in this multi-
ethnic population.

However, there are several limitations to be considered. 
This study was a cross-sectional design so the temporal 
relationship and causality between the variables cannot be 
established. Hence, the internal validity of this study is not 
high. However, our results offered valuable information for 
identifying and risk stratifying those with high T2DM risk 
and designing personalised and ethnicity-centric interven-
tions, and the temporal relationships will be further vali-
dated after completing the 2-year follow-up interviews. In 
addition, although we adjusted for major T2DM risk factors 
including socioeconomic, environmental, behavioural and 
clinical factors, residual confounding may exist, and we did 
not collect physiological and genetic factors. Moreover, we 
did not collect information on the type of diabetes and 
could include patients with type 1 diabetes. However, the 
onset of type 1 diabetes in adults aged 40 years and above 
is rare (<2%);52 therefore, we assumed that diabetes cases 
included in the present study could represent T2DM. 
Lastly, as the association of T2DM with Malays and public 
housing did not meet the statistical significance criteria for 
multiple comparisons using the highly conservative Bonfer-
roni correction method, the results are only suggestive but 
not conclusive. Thus, future studies using other less conser-
vative methods (eg, false discovery rate) or larger sample 
sizes need to be conducted to determine if these associa-
tions are conclusive.

CONCLUSION
In conclusion, our study suggested that higher T2DM odds 
are associated with residing in public housing versus private 
housing and Indian patients with uncontrolled hyperten-
sion in Singapore. Our findings highlight the importance 
of developing personalised, ethnicity-centric interventions 
to prevent and manage T2DM in high-risk patients, espe-
cially of public housing residence and ethnic variation. 
Further studies are necessary to determine if the associa-
tion of T2DM with Malays and SES observed in our study 
are conclusive.
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