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6 Background Literature suggested that multi-ethnic Western populations experienced differential
7 hypertension outcomes, but evidence is limited in Asia. This study aimed to determine socio-demographic
8 correlates of hypertension and its awareness, treatment and control among a multi-ethnic Asian
9 population living in Singapore.

1(1) Methods We used cross-sectional data of the Multi-Ethnic Cohort (MEC) Study (n=14,530), recruited
12 between 2004 and 2010. Participants who completed questionnaire and attended health examination,
13 without cardiovascular diseases, cancer, asthma and mental illnesses were included in the study
14 (n=10,215). Multivariable logistic regression models were used to determine socio-demographics factors
15 associated with hypertension, unawareness of having hypertension, untreated and uncontrolled
16 hypertension.

1; Results Among 10,215 participants (47.2% Chinese, 26.0% Malay and 26.8% Indian), hypertension
19 prevalence was estimated to be 31.1%. Older age, Malay ethnicity, male, lower educational level, and
20 being homemaker or retired/unemployed were factors significantly associated with hypertension.
21 Stratified analysis suggested that age and education were consistently associated with hypertension
22 across all ethnic groups. The proportions of being unaware, untreated and uncontrolled were 49.0%, 25.2%
23 and 62.4%, respectively. Ethnicity and younger age were associated with unawareness; younger age, male
24 and lower educational level were associated with untreated hypertension; and older age was associated
25 with uncontrolled hypertension.

;? Conclusions Ethnic differences in relation to hypertension were associated with socio-demographic
28 variability in ethnic groups. Age and educational level were consistent correlates of hypertension in all
29 ethnic groups. Unawareness and uncontrolled hypertension were common in this Asian population and
30 associated with socio-demographic factors. More targeted strategies may be required to overcome the
31 observed disparities.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

This a large population-based study of multi-ethnic Asian (Chinese, Malay, Indian) population
living in an urban city state with relatively homogeneous living environment.

The minority ethnic groups (Malay and Indian) were purposively over-sampled to increase
their representativeness in the study. In addition, this study recruited a large number of
participants in the community to cover a wider age range and diverse socio-demographic
profile.

The study used standardized and comprehensive methodologies to capture exposure and
outcome data. The findings of this study were robust after adjustment for potential socio-
demographic confounders.

The study design is cross-sectional, we cannot infer causality and determine the risk of
hypertension.

Blood pressures of participants were measured on only one occasion during the health
examination. However, standard BP measurement protocols were used, and multiple BP
measurements were taken to minimize measurement error.
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INTRODUCTION

Hypertension is a major risk factor of cardiovascular disease (CVD) and one of the leading causes of
deaths from non-communicable diseases (NCD).'? Hypertension is modifiable, yet there are a billion of
individuals living with the condition worldwide and are at risk of hypertension-related complications.? The
current evidence suggests that the public awareness and control of BP remains challenging,*> and that
gaps in hypertension management were attributable to broader social and economic determinants.®®

In most Western countries, the impact of ethnic and socio-economic disparities on hypertension
outcomes has been well established. ' Literature suggested that racial difference in hypertension
prevalence was determined by demographics and lifestyle variables.'! A study reported that racial
disparities observed in BP were determined by differences in educational level.*> Educational level and
family income are socio-economic variables that have been well examined in relation with hypertension
but the findings in the literature are rather mixed.""™

In Asia, the relationship between socio-demographic and hypertension is understudied. Singapore has a
rapidly ageing, urbanized and multi-ethnic Asian population (Chinese, Malays and Indians). Previous
studies have emphasized the importance to better understand awareness, treatment and control in order
to improve hypertension management in the community.***® To address existing gaps in the evidence, we
examined socio-demographic determinants of hypertension, unawareness of having hypertension,
untreated and uncontrolled hypertension in the multi-ethnic Asian population in Singapore.
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METHODS

Patient and public involvement

The Multi-Ethnic Cohort Study (MEC) is a population-based study in Singapore (n=14,530) with
recruitment conducted between 2004 and 2010. The detailed study methodology has been published
elsewhere.™ Briefly, MEC recruited Singaporeans or permanent residents aged >21 years who were free
from cardiovascular diseases, stroke, heart diseases, transient ischemic attack, cancer, asthma and
mental illnesses. The study included 10,215 individuals who had completed questionnaires and attended
health examination. The minority ethnicity groups, Malays and Indians, were purposively over-sampled.
Study procedures were approved by the National University of Singapore Institutional Review Board and
SingHealth Centralised Institutional Review Board.

All participants who provided consent to participate in this study were visited at home and completed an
interview-administered questionnaire in English, Chinese or Malay languages. Subsequently, they
underwent a health examination including repeated BP measurements. The interview questionnaires
collected self-reported socio-demographic information, hypertension diagnosis, medical history and anti-
hypertensive medication use.

Participants were asked to rest for 5 minutes, then systolic blood pressure (SBP) and diastolic blood
pressure (DBP) were measured twice using an automated digital monitor (Dinamap Carescape V100,
General Electric). If the difference between these two readings of SBP or DBP exceeded 10 mmHg or 5
mmHg, respectively, SBP and DBP were measured again and recorded as the third set of readings. For the
small number of participants whose BP exceeded the range of the digital monitor, a sphygmomanometer
(Accoson, United Kingdom) was used.'® Mean values of the SBP and the DBP were computed for every
participant and used in subsequent analyses.

Variables
Outcome variables

Hypertension (among all participants) was defined as either (i) the participant answering ‘yes’ to the
survey question ‘has a physician (western trained) or other professional told you that you have high blood
pressure? or (ii) having mean SBP 2140 mmHg or mean DBP =90 mmHg during the health examination.

Unawareness of hypertension (among hypertensives) was defined as the participant answering ‘no’ or ‘do
not know’ to the survey question ‘has a physician (western trained) or other professional told you that
you have high blood pressure? but having mean SBP 2140 mmHg or mean DBP 290 mmHg during the
health examination.

Untreated hypertension (among hypertensives who were aware) referred to participants who were aware
of having hypertension but were not taking any anti-hypertensive medication (identified from interviewer
recorded lists of drug names and brand names).

Uncontrolled hypertension (among hypertensives who were treated) was defined as participants on anti-
hypertension medication who were found to have a mean SBP 2140 mmHg or mean DBP =90 mmHg
during the health examination.
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Explanatory variables

The explanatory variables included self-reported socio-demographic factors (i.e. age, gender, ethnicity,
highest educational level obtained, marital status, work status during the past 12 months and average
monthly household income). Age at interview was derived from the date of birth. Ethnicity was obtained
from participant’s identity card and classified into Chinese, Malay and Indian. Highest education level was
categorized into three levels: (i) primary school education or lower, (ii) secondary school education/ITE
(Institute of Technical Education)/NTC (National Technical Certificate), and (iii) tertiary education or
higher. Marital status was dichotomized into currently married or not married (single, divorced, widowed
or married but separated from spouse). Work status was classified into three categories: (i) employed
(working adults or full-time studying), (ii) homemaker (housewife or non-working individual who manages
a home), and (iii) retired/unemployed. Participants were asked to provide average monthly household
income in Singapore Dollars (1 Singapore Dollars approximates 0.74 U.S. Dollars) by choosing one of the
following options: <$2,000, $2,000-3,999, $4,000-5,999, or >56,000. An ‘unknown’ income category was
created for participants who refused to report household income.
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Statistical analyses

Counts and percentages were presented for categorical variables. Bivariate logistic regression analysis
was performed to assess the association of each socio-demographic factor with hypertension,
unawareness of hypertension, and untreated and uncontrolled hypertension, respectively. Multivariable
logistic regression analysis was performed to include all socio-demographic variables into the model. To
investigate whether the relationship between socio-demographic factors and hypertension was
moderated by ethnicity, interaction effects between ethnicity and socio-demographic factors on
hypertension were examined by adding the interaction terms to the multivariable model. A stratified
analysis by ethnic group was conducted to explore whether differences in socio-demographics contribute
in part to ethnic differences in hypertension. Odds Ratios (ORs) and Adjusted Odds Ratios (AORs) were
reported with the corresponding 95% confidence intervals (95% Cl). A p-value of <0.05 was considered
statistically significant. All statistical analyses were conducted using STATA 14.0 for Windows (Stata
Corporation, College Station, Texas, USA).
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RESULTS

Among 14,530 participants enrolled in the MEC study, 11,101 individuals completed survey
guestionnaires and attended the health examination. After excluding participants with major diseases (i.e.
cardiovascular diseases, stroke, transient ischemic attack, cancer, asthma and mental illnesses),
duplicated records and ‘Others’ ethnic group, our final study population was 10,215 individuals of three
main Asian ethnic groups, i.e. Chinese, Malay and Indian (online-only supplementary).

Participant characteristics

Table 1 lists the socio-demographic characteristics of our study population. The participants comprised
47.2% Chinese, 26.0% Malay and 26.8% Indian. The majority of the participants were aged >40 years
(68.1%), females (56.7%), had secondary school or higher educational level (73.0%), married (76.0%), and
were working or studying full-time (68.6%). The average monthly household income was less than $4,000
in 48.0% of the participants.

Factors associated with hypertension

Of the 10,215 participants included in our analysis (Table 1), 31.1% were hypertensives. The estimated
prevalence of hypertension was higher among Malays (33.1%), adults aged >60 years old (72.8%), males
(33.9%), participants with lower educational level (primary school or lower) (48.3%), married (32.9%),
retired/unemployed (54.9%), and those with lower household income level, i.e. <$2,000 (35.1%).

In the multivariable analysis (Table 1), most of the socio-demographic factors remained significant, except
marital status and household income. Compared with Chinese, the odds of hypertension were higher in
Malays (p=0.007), whereas no significant difference was observed between Indian and Chinese (p=0.165).
Older age was strongly associated with increased odds of hypertension (overall p<0.001). Adjustment for
all other socio-demographic factors greatly increased the odds of hypertension in males. Compared to
females, males were more likely to have hypertension (AOR=1.65, 95% Cl=1.47-1.85). Decreased
educational level was associated with higher odds of hypertension (overall p<0.001). Compared to
working, being homemaker or retired/unemployed significantly increased the odds of hypertension
(overall p<0.001). The originally significant relationship between household income and hypertension was
eliminated after adjustment for age and educational level.

Significant interactions (p<0.050) were observed between ethnicity and age (p=0.025), gender (p<0.001),
work status (p=0.034), and household income (p<0.001). After including these significant interaction
terms into the final logistic model, interaction effects remained significant (p<0.050) between ethnicity
and age, gender and household income. The addition of ethnicity affected the association between socio-
demographic factors and the odds of hypertension.

Factors associated with hypertension stratified by ethnicity

In stratified analysis (Table 2), hypertension was present in 31.5% of Chinese, 33.1% of Malay and 28.5%
of Indian. The association between socio-demographic factors and the odds of hypertension in each
ethnic group was moderated by the interaction effects between ethnicity and age, gender, work status
and household income. The adjusted odds ratios for each age-group were much higher in Malay and
Indian ethnic groups when compared with Chinese ethnic. Males had significantly higher odds of
hypertension only in Chinese and Indian but not in Malay ethnic. No significant interaction was found
between ethnicity and educational level. Educational level was related to hypertension independently of
ethnicity. Lower
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Socio-demographic
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Hypertension

factor Total Hypertension Unadjusted Adjusted
n (%) n (%) COR (95% ClI) p-value AOR (95% ClI) p-value

Ethnicity

Chinese 4817 47.2 1519 315 1 [Ref.] 0.001* 1 [Ref.] <0.001*

Malay 2659 26.0 | 879 33.1 1.07 (0.97, 1.19) 0.177 1.18 (1.05, 1.34) 0.007

Indian 2738 26.8 780 28.5 0.86 (0.78, 0.96) 0.006 0.92 (0.81, 1.04) 0.165
Age

<40 3258 31.9 292 9.0 1 [Ref.] <0.001* 1 [Ref.] <0.001*

40-49 3187 31.2 798 25.0 3.39 (2.94, 3.92) <0.001 3.18 (2.73, 3.71) <0.001

50-59 2420 23.7 1106 45.7 8.55 (7.40, 9.88) <0.001 7.54 (6.44, 8.82) <0.001

>=60 1349 13.2 982 72.8 27.18 (22.93, 32.21) <0.001 19.97 (16.47, 24.23) <0.001
Gender

Female 5795 56.7 1682 29.0 1 [Ref.] 1 [Ref.]

Male 4419 433 1496 33.9 1.25 (1.15, 1.36) <0.001 1.65 (1.47, 1.85) <0.001
Highest education level

Primary or lower 2763  27.1 1334 48.3 1 [Ref.] <0.001* 1 [Ref.] <0.001*

Secondary 4346 426 1271 29.2 0.44 (0.40, 0.49) <0.001 0.70 (0.62, 0.78) <0.001

Tertiary or higher 3100 304 573 18.5 0.24 (0.22, 0.27) <0.001 0.59 (0.50, 0.69) <0.001
Marital status

Currently married 7757 76.0 2555 329 1 [Ref.] 1 [Ref.]

Not currently married 2452 24.0 623 25.4 0.69 (0.63, 0.77) <0.001 1.11 (0.97, 1.26) 0.126
Work status

Working/Studying full-time 6972 68.6 1766 25.3 1 [Ref.] <0.001* 1 [Ref.] <0.001*

Homemaker 2264 22.3 886 39.1 1.90 (1.71, 2.10) <0.001 1.36 (1.19, 1.56) <0.001

Retired/Unemployed 930 9.2 511 54.9 3.60 (3.13, 4.14)  <0.001 1.20 (1.01, 1.43) 0.042
Monthly household income (SGD)*

<2,000 2277 223 | 800 351  1[Ref] <0.001* 1 [Ref.] 0.172*

2,000-3,999 2619 25.7 740 28.3 0.73 (0.64, 0.82) <0.001 1.07 (0.93, 1.23) 0.343

4,000-5,999 1664 16.3 411 24.7 0.61 (0.53, 0.70) <0.001 1.03 (0.88, 1.22) 0.691

>=6,000 1462 14.3 349 23.9 0.58 (0.50, 0.67) <0.001 1.13 (0.94, 1.36) 0.202

AOf all participants, 21.5% did not provide information on their averaged monthly household income. They have been categorized as ‘unknown income’ and included for analysis.

SGD referred to Singapore Dollar

Crude OR (COR) was derived from bivariate logistic regression model

Adjusted OR (AOR) was derived from multivariable logistic regression model mutually adjusted for all other socio-demographic factors
Bolded values are 2-sided p-values <0.05 (statistical significance); Cl: Confidence interval; *overall p-value
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Table 2:Association of socio-demographic factors and hypertension by ethnic groups, i.e. Chinese (n=4,817), Malay (n=2,659) and Indian (n=2,739)

Ethnicity
Socio-demographic Chinese Malay Indian
factor AOR (95% ClI) p-value AOR (95% ClI) p-value AOR (95% ClI) p-value

Age

<40 1 [Ref] <0.001* | 1 [Ref] <0.001* | 1 [Ref] <0.001*

40-49 2.50 (1.99, 3.15) <0.001 4.04 (3.03, 5.38) <0.001 3.44 (2.53, 4.68) <0.001

50-59 6.44 (5.10, 8.15) <0.001 8.38 (6.20, 11.33) <0.001 8.26 (6.07, 11.25) <0.001

>=60 14.37 (10.82, 19.06) <0.001 30.53 (20.30, 45.92) <0.001 23.81 (16.40, 34.56) <0.001
Gender

Female 1 [Ref] 1 [Ref] 1 [Ref]

Male 1.85  (1.58, 2.17) <0.001 1.08 (0.85, 1.37) 0.527 1.97 (1.56, 2.50) <0.001
Highest education level

Primary or lower 1 [Ref] <0.001* | 1 [Ref] 0.017* 1 [Ref] <0.001*

Secondary 0.65 (0.54, 0.77) <0.001 | 0.73 (0.59, 0.91)  0.005 0.71 (0.57, 0.88)  0.002

Tertiary or higher 0.54 (0.43, 0.67) <0.001 0.73 (0.52, 1.04) 0.086 0.50 (0.36, 0.68) <0.001
Marital status

Currently married 1 [Ref] 1 [Ref] 1 [Ref]

Not currently married 1.05 (0.87, 1.27) 0.616 1.00 (0.77, 1.31) 0.972 1.25 (0.98, 1.59) 0.074
Work status

Working/Studying full-time | 1 [Ref] 0.0078* | 1 [Ref] 0.126* | 1[Ref] 0.066*

Homemaker 1.30 (1.05, 1.61) 0.015 1.29 (1.00, 1.67) 0.048 1.37 (1.05, 1.79) 0.021

Retired/Unemployed 1.38 (1.06, 1.78) 0.015 0.97 (0.67, 1.43) 0.894 1.15 (0.83, 1.60) 0.398
Monthly household income (SGD)”

<2,000 1 [Ref] 0.391* | 1 [Ref] <0.001* | 1 [Ref] 0.137*

2,000-3,999 0.88 (0.69, 1.12) 0.306 1.07 (0.84, 1.37) 0.593 1.28 (1.00, 1.64) 0.046

4,000-5,999 1.04 (0.80, 1.36) 0.764 1.02 (0.76, 1.37) 0.879 0.92 (0.67, 1.25) 0.579

>=6,000 1.12 (0.86, 1.46) 0.401 0.72 (0.47, 1.11) 0.133 1.20 (0.83, 1.75) 0.334

AOf all participants, 21.5% did not provide information on their averaged monthly household income. They have been categorized as ‘unknown income’ and included for analysis.

SGD referred to Singapore Dollar

Crude OR (COR) was derived from bivariate logistic regression model
Adjusted OR (AOR) was derived from multivariable logistic regression model mutually adjusted for all other socio-demographic factors
Bolded values are 2-sided p-values <0.05 (statistical significance); Cl: Confidence interval; *overall p-value
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education was consistently associated with higher odds of hypertension in all ethnic groups, and the
adjusted odds ratios were almost comparable with the non-stratified analysis (Table 1). In terms of work
status, the odds of hypertension in homemaker were consistently significant for all ethnic groups and
higher for Indians but relatively lower for Chinese and Malays. Significantly higher odds of hypertension in
retired/unemployed persisted only among Chinese but not among minorities Malay and Indian ethnic
groups. Income-hypertension relationship was not found in Chinese and Malay ethnic groups, but Indians
having lower income (between $2,000 and $3,999) were significantly associated with hypertension.

Factors associated with unawareness of hypertension

Among hypertensives, 49.0% were unaware of having hypertension (i.e. 48.9% of Chinese, 53.4% of
Malay and 44.4% of Indian). In the multivariable analysis (Table 3), significant associations of ethnicity
and age with unawareness persisted. Indians were less likely to be unaware of having hypertension (AOR
= 0.80, 95%Cl: 0.67-0.96) when compared with Chinese while no significant association was observed for
Malays. Additionally, participants from older age groups, i.e. 50-59 years (AOR = 0.58, 95%Cl: 0.44-0.77)
and 260 years (AOR = 0.53, 95%Cl: 0.39-0.72), were less likely to be unaware of having hypertension
when compared with adults aged below 40 years.

Factors associated with untreated hypertension

Among participants who were aware of having hypertension, 25.2% were untreated for hypertension (i.e.
24.7% of Chinese, 23.4% of Malay and 27.7% of Indian). In the multivariable analysis (Table 3), older age
was associated with much reduced odds of untreated hypertension when compared with age below 40
years, i.e. 40-49 years (AOR = 0.39, 95%Cl: 0.25-0.61), 50-59 years (AOR = 0.22, 95%Cl: 0.14-0.34), and
>60 years (AOR =0.13, 95%Cl: 0.08-0.21). Males remained to have a significantly higher odds of untreated
hypertension (AOR = 1.51, 95%Cl: 1.12-2.04) when compared with females. With regards to educational
level, the direction of the association with untreated hypertension changed in the multi-variable analysis,
i.e. higher educational level was associated with lower odds of being untreated, but only secondary
school education was a significant factor (AOR = 0.69, 95%Cl: 0.52-0.91) when compared with primary
school education.

Factors associated with uncontrolled hypertension

Among participants who were treated for hypertension, 62.4% did not have their hypertension controlled
(i.e. 65.5% of Chinese, 63.1% of Malay and 56.7% of Indian). In the multivariable analysis (Table 4), only
older age and being retired/unemployed remained as significant factors. Higher odds of uncontrolled
hypertension were associated with older age. Participants from older age groups, i.e. 50-59 years (AOR =
2.54, 95%Cl: 1.33-4.87) and 260 years (AOR = 3.98, 95%Cl: 2.01-7.91) were more likely to experience
uncontrolled hypertension when compared with participants aged <40 years. The majority of the retirees
and unemployed participants were older adults aged =60 years (53.0%). Compared with adults who were
working or studying full-time, participants who were retired or unemployed (AOR = 1.51, 95%Cl: 1.02-
2.24) were more likely to have uncontrolled hypertension.
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Table 3: Association of socio-demographic factors and unawareness among hypertensives (n=3,175), untreated among those who were aware of hypertension (n=1,618)

Unawareness among hypertensives

BMJ Open

Untreated among aware

COR (95% CI) p-value AOR (95% CI) p-value COR (95% CI) p-value AOR (95% CI) p-value

Ethnicity

Chinese 1 [Ref] 0.001* 1 [Ref] 0.0046* 1 [Ref] 0.335* 1 [Ref] 0.520*

Malay 1.19 (1.01, 1.41) 0.037 1.11 (0.93, 1.32) 0.258 0.93 (0.70, 1.24) 0.630 0.87 (0.64, 1.20) 0.398

Indian 0.83 (0.70, 0.99) 0.037 0.80 (0.67, 0.96) 0.018 1.17 (0.89, 1.52) 0.257 1.05 (0.78, 1.42) 0.731
Age

<40 1 [Ref] <0.001* 1 [Ref] <0.001* | 1[Ref] <0.001* 1 [Ref] <0.001*

40-49 089 (0.67, 1.16) 0.383 0.89 (0.67, 1.18) 0.403 0.37 (0.24, 0.57)  <0.001 0.39 (0.25, 0.61) <0.001

50-59 0.58 (0.44, 0.75) <0.001 0.58 (0.44, 0.77) <0.001 0.20 (0.13, 0.31) <0.001 0.22 (0.14, 0.34) <0.001

>=60 0.50  (0.39, 0.66) <0.001 0.53 (039, 0.72)  <0.001 0.12 (0.08, 0.19) <0.001 0.13 (0.08, 0.21) <0.001
Gender

Female 1 [Ref] 1 [Ref] 1 [Ref] 1 [Ref]

Male 1.08 (0.94, 1.25) 0.259 1.15 (0.96, 1.37) 0.140 1.68 (1.34, 2.11) <0.001 1.51 (1.12, 2.04) 0.007
Highest education level

Primary or lower 1 [Ref] 0.007* 1 [Ref] 0.310%* 1 [Ref] 0.007* 1 [Ref] 0.033*

Secondary 1.27 (1.09, 1.48) 0.002 1.13 (0.95, 1.33) 0.162 1.02 (0.80, 1.32) 0.849 0.69 (0.52, 0.91) 0.010

Tertiary or higher 1.21 (1.00, 1.48) 0.054 1.01 (0.80, 1.28) 0.937 1.59 (1.17, 2.15) 0.003 0.83 (0.56, 1.23) 0.362
Marital status

Currently married 1 [Ref] 1 [Ref] 1 [Ref] 1 [Ref]

Not currently married 1.02 (0.85, 1.21) 0.860 1.09 (0.91, 1.32) 0.356 0.88 (0.66, 1.17) 0.367 1.05 (0.76, 1.45) 0.781
Work status

Working/Studying full-time 1 [Ref] 0.002* 1 [Ref] 0.139* 1 [Ref] <0.001* 1 [Ref] 0.557*

Homemaker 091 (0.77, 1.07) 0.254 1.12 (0.91, 1.39) 0.275 0.47 (035, 0.62) <0.001 0.83 (0.58, 1.19) 0.316

Retired/Unemployed 0.70 (0.58, 0.86) 0.001 0.86 (0.69, 1.08) 0.203 0.49 (0.35, 0.68) <0.001 0.88 (0.60, 1.30) 0.511
Monthly household income (SGD)*

<2,000 1 [Ref] 0.845* 1 [Ref] 0.837* 1 [Ref] 0.001* 1 [Ref] 0.147*

2,000-3,999 1.00 (0.82, 1.22) 0.996 0.91 (0.74, 1.12) 0.391 1.09 (0.80, 1.48) 0.600 0.87 (0.62, 1.22) 0.425

4,000-5,999 1.08 (0.85, 1.37) 0.530 0.97 (0.75, 1.25) 0.802 0.79 (0.54, 1.18) 0.249 0.62 (0.40, 0.96) 0.031

>=6,000 0.95 (0.74, 1.22) 0.680 0.86 (0.65, 1.14) 0.296 1.07 (0.73, 1.58) 0.732 0.76 (0.48, 1.21) 0.242

AOf all participants, 21.5% did not provide information on their averaged monthly household income. They have been categorized as ‘unknown income’ and included for analysis.

SGD referred to Singapore Dollar

Crude OR (COR) was derived from bivariate logistic regression model
Adjusted OR (AOR) was derived from multivariable logistic regression model mutually adjusted for all other socio-demographic factors
Bolded values are 2-sided p-values <0.05 (statistical significance); CI: Confidence interval; *overall p-value
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Table 4: Association of socio-demographic factors and uncontrolled hypertension among treated (n=1,211)

Uncontrolled among treated

Page 14 of 24

Crude OR Adjusted OR
COR 95% CI p-value AOR 95% CI p-value

Ethnicity

Chinese 1 [Ref] 0.042* 1 [Ref] 0.174*

Malay 0.91 (0.69, 1.21) 0.526 0.99 (0.72, 1.35) 0.949

Indian 0.70 (0.53, 0.93) 0.013 0.76 (0.56, 1.04) 0.084
Age

<40 1 [Ref] <0.001* 1 [Ref] <0.001*

40-49 1.78 (0.93, 3.43) 0.084 1.61 (0.82, 3.15) 0.163

50-59 2.89 (1.54, 5.41) 0.001 2.54 (1.33, 4.87) 0.005

>=60 6.28 (3.32, 11.86) <0.001 3.98 (2.01, 7.91) <0.001
Gender

Female 1 [Ref] 1 [Ref]

Male 1.16 (0.91, 1.46) 0.231 1.35 (0.99, 1.85) 0.061
Highest education level

Primary or lower 1 [Ref] <0.001* 1 [Ref] 0.239*

Secondary 0.66 (0.51, 0.86) 0.002 0.81 (0.61, 1.08) 0.150

Tertiary or higher 0.54 (0.38, 0.75) <0.001 0.74 (0.49, 1.12) 0.153
Marital status

Currently married 1 [Ref] 1 [Ref]

Not currently married 1.12 (0.83, 1.50) 0.465 1.04 (0.75, 1.44) 0.811
Work status

l’ivn?;k'”g/ Studying full- 1[Ref] <0.001* 1 [Ref] 0.068*

Homemaker 1.65 (1.26, 2.16) <0.001 1.34 (0.94, 1.89) 0.101

Retired/Unemployed 2.93 (2.08, 4.13) <0.001 1.51 (1.02, 2.24) 0.041
Monthly household income (SGD)*

<2,000 1 [Ref] <0.001* 1 [Ref] 0.028*

2,000-3,999 0.86 (0.61, 1.20) 0.372 0.95 (0.66, 1.35) 0.762

4,000-5,999 0.77 (0.52, 1.14) 0.193 0.94 (0.61, 1.44) 0.767

>=6,000 0.65 (0.43, 0.99) 0.045 0.85 (0.53, 1.36) 0.506

AOf all participants, 21.5% did not provide information on their averaged monthly household income. They have been categorized as

‘unknown income’ and included for analysis;

SGD referred to Singapore Dollar
Crude OR (COR) was derived from bivariate logistic regression model
Adjusted OR (AOR) was derived from multivariable logistic regression model mutually adjusted for all other socio-demographic factors
Bolded values are 2-sided p-values <0.05 (statistical significance); Cl: Confidence interval; *overall p-value
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DISCUSSION

This large multi-ethnic Asian cohort study provides valuable insights into socio-demographic
determinants of hypertension within relatively homogeneous living environment and access to health
care. We estimated that approximately 1 in 3 participants had hypertension. The strength of the
association between socio-demographic factors and hypertension differed across ethnic groups. In
addition to the established socio-demographic risk factors (i.e. age and gender), our study adds new
evidence about the importance of ethnicity in relation to hypertension. Our stratified analysis suggested
that the observed ethnic differences in relation to hypertension was partly attributed to the variability in
socio-demographic characteristics of each ethnic group. Educational level rather than household income
was an important socio-economic indicator consistently associated with hypertension within all ethnic
groups. Almost half of the hypertensives in our study were unaware of having hypertension and 25% of
those who were aware of having hypertension remained untreated. Adults under 40 years of age were
more likely to be undetected and untreated than older individuals. Male participants were more likely to
be untreated than females, and participants with low educational level were more likely to be untreated
when compared with those with higher educational level. Among treated participants, more than half did
not achieve optimal BP levels and older age was strongly associated with worse BP control.

In agreement with similar studies conducted in other Asian countries’’? and Singapore,*** our study
further demonstrated that older age is a strong factor associated with hypertension. Ethnic differences in
relation to hypertension were observed in our study, consistent with the current literature which was
largely conducted in the Western countries.’®?*#? While the association between Indian ethnicity and
hypertension ceased to be significant after the addition of socio-demographic factors, the association
between Malay ethnicity and hypertension was statistically significant. The ethnic differences observed in
our study were partly explained by the variability in socio-demographic profile within each ethnic group,
an interesting finding revealed from the stratified analysis. For instance, Malays and Indians had higher
odds ratio than Chinese for every increase in age group. Further, strong associations between gender and
hypertension was observed among Chinese and Indian, but not Malay. Higher educational level has been
found to be associated with lower prevalence of hypertension in earlier studies,”®?* and our finding
demonstrates that this association was consistent for all ethnic groups. No association between marital
status and hypertension was observed in our study. The association between retired/unemployed status
and hypertension was significant only among Chinese but not in other ethnic groups. In general, the
income-hypertension association was not significant in our study after accounting for age and educational
level.

Older participants were more likely to be aware of having hypertension because it is common among the
age groups and health policies may have offered screening opportunity to this subgroup. The literature
suggested that minority ethnic groups who were hypertensive were more likely to be aware of their
hypertension.” * However, our study observed that Malay ethnic who had greater odds of hypertension
did not seem to be sufficiently aware of their condition. Conversely, Indians were relatively more aware
of having hypertension compared to Chinese. The observed ethnic differences in hypertension awareness
may be attributable to variations in lifestyle and cultural factors, and perceived benefit of hypertension
prevention and control.”*?’

Although older age was significantly related to hypertension, older participants in our study were more
likely to be aware of having hypertension and treated for the condition. But, younger age, male gender
and low educational level were significant determinants for untreated hypertension. Other study
demonstrated that the measures of education can better explain variation in hypertension and health
inequalities.’” Low educational attainment may directly or indirectly influence the treatment and control
of hypertension through lack of understanding about disease prevention, healthy lifestyle, perceived
discrimination, among others.?® Evidence suggested that education is a critical component of health and it
is important to incorporate educational element in public health promotion and reducing health
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disparities.”®*° Older age was significantly associated with uncontrolled hypertension in our study. This

finding is consistent with the current evidence®*®' but also contrasts with other findings which suggest
that older adults had better control of BP.**® Lack of control of BP among older adults in our population
could due to aging-related physiological changes, comorbidity and variation in response to treatment
among older adults.>? Social factors such as living in social exclusion, limited peer support, and not having
sufficient knowledge to cope with their hypertension condition may also affect their BP control.*

Strength and Limitation

This study has a number of strengths. First, it is based on a large population-based study of a multi-ethnic
Asian population living in an urban city state. Second, the study used standardized and comprehensive
methodologies to capture exposure and outcome data. Third, we had purposively over-sampled minority
ethnic groups and recruited a large number of study participants to cover a wider age range and diverse
socio-demographic profile. Fourth, the findings of this study were robust after adjustment for potential
socio-demographic confounders. However, we noted that the study has several important limitations.
First, because the study design is cross-sectional, we cannot infer causality and determine the risk of
hypertension. Second, BP of participants were measured on only one occasion during the health
examination. However, standard BP measurement protocols were used, and multiple BP measurements
were taken to minimize measurement error. Third, some participants did not provide information about
average monthly household income. To overcome this limitation, we had classified them as a separate
category (i.e. ‘unknown income’ group) and included them for analyses. Unmeasured confounding cannot
be adjusted for in our study. Although the results are not generalizable to the Singapore population, our
findings contributed new insights to the study of hypertension in multi-ethnic urban Asian population.
Future more in-depth prospective studies may be useful to examine underlying mechanisms that
contribute to differential hypertension outcomes, and uncover the segments of population who may
benefit from active prevention and early treatment strategies.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 16 of 24



Page 17 of 24 BMJ Open

CONCLUSION

Ethnic differences observed in hypertension were associated with socio-demographic variability within
ethnic groups. Age and educational level were consistent correlates of hypertension in all ethnic groups.
Unawareness and uncontrolled hypertension were common in this Asian population and associated with
socio-demographic factors. More targeted strategies may be required to overcome the observed
disparities.
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WHAT IS ALREADY KNOWN ON THIS SUBJECT?

Ethnicity and socio-economic factors contribute to differences in hypertension prevalence, awareness,
treatment and control in Western populations. However, there is a lack of evidence regarding the role of
ethnicity and other socio-demographic factors on hypertension related outcomes in multi-ethnic Asian
population.

WHAT THIS STUDY ADDS?

Our study demonstrated that hypertension status differed by ethnicity (Chinese, Malay and Indian) and
that these differences were associated with socio-demographic variability in ethnic groups. Educational
level rather than household income was a significant socioeconomic indicator of hypertension status and
appeared consistent across ethnic groups.

The estimated prevalence of unawareness of hypertension status and uncontrolled blood pressure was
high in this study. Younger participants in particular were less aware of their hypertension. Older
participants on the other hand were more likely to be aware of being hypertensive and had their
condition treated but the control of their BP levels remained challenging.
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1
2
3 .
2 Online-only Supplementary
5
6
7 . . .
8 Table S-1: Characteristics of participants by ethnic group
9 . . Chinese Malay Indian
10 Socio-demographic factors ] ] ] ] . .
11 n Normotensive  Hypertensive p-value n Normotensive  Hypertensive  p-value n Normotensive Hypertensive p-value
Age (years), mean (SD) 4,817 42.22 (11.28) 54.71 (11.42) <0.001 2,659 40.13 (11.10) 53.04 (10.93) <0.001 2,739 41.17 (11.20) 53.77 (11.09) <0.001
12 Gender, n (%) <0.001 0.181 0.004
13 Female 2727 1,921 (72.4) 734 (27.6) 1,630 1,031 (65.9) 533 (34.1) 1,650 1,161 (73.7) 415 (26.3)
14 Male 2226 1,377 (63.7) 785 (36.3) 1,163 749 (68.4) 346 (31.6) 1,231 797 (68.6) 365 (31.4)
15 Blood pressure, mean (SD)
16 SBP, mean (SD) 4,814 116.74 (11.97) 149.09 (16.80) <0.001 2,659 118.03 (12.02) 150.04 (17.33) <0.001 | 2,739 114.49 (12.91) 147.24 (18.70) <0.001
DBP, mean (SD) 4,814 70.40 (8.48) 84.40 (10.57) <0.001 2,659 69.78 (8.33) 83.32 (11.07) <0.001 | 2,739 69.14 (8.64) 82.18 (11.40) <0.001
17 Highest education level, n (%) <0.001 <0.001 <0.001
18 Primary or lower 1119 499 (46.5) 573 (53.5) 870 419 (51.2) 400 (48.8) 931 511 (58.6) 361 (41.4)
19 Secondary 1858 1,228 (68.6) 561 (31.4) 1,503 1,027 (71.8) 404 (28.2) 1,199 820 (72.8) 306 (27.2)
20 Tertiary or higher 2034 1,569 (80.3) 385 (19.7) 489 332 (81.6) 75 (18.4) 824 626 (84.7) 113 (15.3)
Marital status, n (%) <0.001 0.001 0.832
21 Currently married 3674 2,366 (65.6) 1,242 (34.4) 2,145 1,359 (65.3) 721 (34.7) 2,140 1,477 (71.4) 592 (28.6)
22 Not married/divorced/separated 1284 930 (77.1) 277 (22.9) 651 420 (72.7) 158 (27.3) 739 479 (71.8) 188 (28.2)
23 Work status, n (%) <0.001 <0.001 <0.001
24 Working/Studying full-time 3635 2,642 (74.2) 919 (25.8) 1,702 1,209 (74.3) 419 (25.7) 1,859 1,355 (76.0) 428 (24.0)
25 Homemaker 856 475 (59.7) 321 (40.3) 862 467 (58.1) 337 (41.9) 730 436 (65.7) 228 (34.3)
Retired/Unemployed 470 162 (37.4) 271 (62.6) 263 99 (45.6) 118 (54.4) 336 158 (56.4) 122 (43.6)
26 Monthly household income (SGD)”, n (%) <0.001 <0.001 <0.001
27 <2,000 715 379 (57.7) 278 (42.3) 869 543 (67.8) 258 (32.2) 887 555 (67.8) 264 (32.2)
28 2,000-3,999 1046 713 (73.3) 260 (26.7) 865 563 (70.9) 231 (29.1) 923 603 (70.8) 249 (29.2)
29 4,000-5,999 812 554 (75.2) 183 (24.8) 519 317 (70.8) 131 (29.2) 559 382 (79.7) 97 (20.3)
30 >6,000 1015 707 (75.2) 233 (24.8) 285 162 (78.6) 44 (21.4) 393 244 (77.2) 72 (22.8)
31 AOf all participants, 21.5% did not provide information on their averaged monthly household income. They have been categorized as ‘unknown income’ and included for analysis;
n refers to number, SD refers to standard deviation
32 For categorical variables, we reported the counts and percentages, and used the chi-square test to assess association between each categorical variable and hypertension status. For continuous variables, we reported the mean and standard
33 deviation and used the 2-sample independent t-test to assess association between the continuous variable and hypertension status.
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1

2

3

4 STROBE 2007 (v4) Statement—Checklist of items that should be included in reports of cross-sectional studies

5

6

7 Section/Topic ::em Recommendation Reported on page #
g Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 1
1(1) (b) Provide in the abstract an informative and balanced summary of what was done and what was found 3
12 Introduction

13 Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 5
1: Objectives 3 State specific objectives, including any prespecified hypotheses 5
16 Methods

17 Study design 4 Present key elements of study design early in the paper 6
12 Setting Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data

20 collection

21 Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants 6
22

23

24 Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if 6,7
25 applicable

26 Data sources/ 8* For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 6,7
;; measurement comparability of assessment methods if there is more than one group

29 Bias 9 Describe any efforts to address potential sources of bias 6,7
30 Study size 10 | Explain how the study size was arrived at 6
31 Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and 6,7
32 why

gi Statistical methods 12 | (a) Describe all statistical methods, including those used to control for confounding 8
35 (b) Describe any methods used to examine subgroups and interactions 8
g? (c) Explain how missing data were addressed 8
38 (d) If applicable, describe analytical methods taking account of sampling strategy NA
39 (e) Describe any sensitivity analyses NA
40 Results

41
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Participants 13* | (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, 9
confirmed eligible, included in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram

Descriptive data 14* | (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential 9,10 (Table 1)
confounders
(b) Indicate number of participants with missing data for each variable of interest 10 (Table 1)

Outcome data 15* | Report numbers of outcome events or summary measures 9-14

Main results 16 | (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence 10-11, 13-14
interval). Make clear which confounders were adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized 10-11, 13-14
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period NA

Other analyses 17 | Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 9

Discussion

Key results 18 | Summarise key results with reference to study objectives 15

Limitations 19 | Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and 16
magnitude of any potential bias

Interpretation 20 | Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from 15-16
similar studies, and other relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results 16

Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 19

which the present article is based

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE

checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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ABSTRACTS

Objectives: Literature suggested that multi-ethnic Western populations experienced differential
hypertension outcomes, but evidence is limited in Asia. This study aimed to determine socio-demographic
correlates of hypertension and its awareness, treatment and control among a multi-ethnic Asian population
living in Singapore.

Setting: We used cross-sectional data of participants from the Multi-Ethnic Cohort (MEC) (n=14,530)
recruited in Singapore between 2004 and 2010.

Participants: Participants who completed questionnaire and attended health examination, without
cardiovascular diseases, cancer, asthma and mental illnesses were included in the study (n=10,215).
Multivariable logistic regression models were used to determine socio-demographics factors associated
with hypertension, unawareness of having hypertension, untreated and uncontrolled hypertension.

Results: Among 10,215 participants (47.2% Chinese, 26.0% Malay and 26.8% Indian), hypertension
prevalence was estimated to be 31.1%. Older age, Malay ethnicity, male, lower educational level, and being
homemaker or retired/unemployed were factors significantly associated with hypertension. Stratified
analysis suggested that age and education were consistently associated with hypertension across all ethnic
groups. The proportions of being unaware, untreated and uncontrolled were 49.0%, 25.2% and 62.4%,
respectively. Ethnicity and younger age were associated with unawareness; younger age, male and lower
educational level were associated with untreated hypertension; and older age was associated with
uncontrolled hypertension.

Conclusions: In this study, ethnic differences in relation to hypertension were associated with socio-
demographic variability in ethnic groups. Age and educational level were consistent correlates of
hypertension in all ethnic groups. Unawareness and uncontrolled hypertension were common in this Asian
population and associated with socio-demographic factors. More targeted strategies may be required to
overcome the observed disparities.

Word count: 256
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STRENGTHS AND LIMITATIONS OF THIS STUDY

This a large population-based study of multi-ethnic Asian (Chinese, Malay, Indian) population
living in an urban city state with relatively homogeneous living environment.

The minority ethnic groups (Malay and Indian) were purposively over-sampled to increase their
representativeness in the study. In addition, this study recruited a large number of participants
in the community to cover a wider age range and diverse socio-demographic profile.

The study used standardized and comprehensive methodologies to capture exposure and
outcome data. The findings of this study were robust after adjustment for potential socio-
demographic confounders.

The study design is cross-sectional, we cannot infer causality and determine the risk of
hypertension. Treatment for hypertension was based on self-reported intake of
antihypertensive medication and a participant’s compliance to medication was not assessed.
Participants were advised to fast for 8-12 hours before the health examination, however, a
participant’s exposure to caffeine and alcohol prior to blood pressure measurement was not
assessed. Blood pressure of participants was only measured during the health examination.
However, standard BP measurement protocols were used, and multiple BP measurements
were taken to minimize measurement error.
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INTRODUCTION

Hypertension is a major risk factor of cardiovascular disease (CVD) and one of the leading causes of deaths
from non-communicable diseases (NCD).12 Hypertension is modifiable, yet there are a billion of individuals
living with the condition worldwide and are at risk of hypertension-related complications.® The current
evidence suggests that the public awareness and control of blood pressure (BP) remains challenging,*> and
that gaps in hypertension management were attributable to broader social and economic determinants.®?®

In most Western countries, the impact of ethnic and socio-economic disparities on hypertension outcomes
has been well established. *° Literature suggested that racial difference in hypertension prevalence was
determined by demographics and lifestyle variables.!* A study reported that racial disparities observed in
BP were determined by differences in educational level.'> Educational level and family income are socio-
economic variables that have been well examined in relation with hypertension but the findings in the
literature are rather mixed.**13

In Asia, the relationship between socio-demographic and hypertension is understudied. Singapore has a
rapidly ageing, urbanized and multi-ethnic Asian population (Chinese, Malays and Indians). Previous studies
have emphasized the importance to better understand awareness, treatment and control in order to
improve hypertension management in the community.'* 1> To address existing gaps in the evidence, we
examined socio-demographic determinants of hypertension, unawareness of having hypertension,
untreated and uncontrolled hypertension in the multi-ethnic Asian population in Singapore.
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METHODS

Patient and public involvement

The Multi-Ethnic Cohort Study (MEC) is a population-based study in Singapore (n=14,530) with recruitment
conducted between 2004 and 2010. The MEC participants were mainly recruited from the existing cohorts,
i.e. Singapore Prospective Study Program (SP2) and Singapore Cardiovascular Cohort Study (SCCS2), and
the detailed study methodology has been published elsewhere.® Briefly, MEC recruited Singaporeans or
permanent residents aged 221 years who were free from cardiovascular diseases, stroke, heart diseases,
transient ischemic attack, cancer, asthma and mental illnesses. The minority ethnic groups, Malays and
Indians, were purposively over-sampled through public outreach at community events, mosques and
temples as well as referrals from existing cohort members in addition to household visitation. The study
included 10,215 individuals who had completed questionnaires and attended health examination. Study
procedures were approved by the National University of Singapore Institutional Review Board and
SingHealth Centralised Institutional Review Board.

All participants who provided consent to participate in this study were visited at home and completed an
interview-administered questionnaire in English, Chinese or Malay languages. Subsequently, they
underwent a health examination including repeated BP measurements. The interview questionnaires
collected self-reported socio-demographic information, hypertension diagnosis, medical history and anti-
hypertensive medication use.

Participants were asked to rest for 5 minutes, then systolic blood pressure (SBP) and diastolic blood
pressure (DBP) were measured twice using an automated digital monitor (Dinamap Carescape V100,
General Electric). If the difference between these two readings of SBP or DBP exceeded 10 mmHg or 5
mmHg, respectively, SBP and DBP were measured again and recorded as the third set of readings. For the
small number of participants whose BP exceeded the range of the digital monitor, a sphygmomanometer
(Accoson, United Kingdom) was used.® Mean values of the SBP and the DBP were computed for every
participant and used in subsequent analyses.

Variables
Outcome variables

Hypertension (among all participants) was defined as either (i) the participant answering ‘yes’ to the survey
question ‘has a physician (western trained) or other professional told you that you have high blood
pressure?’ or (ii) having mean SBP 2140 mmHg or mean DBP 290 mmHg during the health examination.

Unawareness of hypertension (among hypertensives) was defined as the participant answering ‘no’ or ‘do
not know’ to the survey question ‘has a physician (western trained) or other professional told you that you
have high blood pressure?’ but having mean SBP 2140 mmHg or mean DBP 290 mmHg during the health
examination.

Untreated hypertension (among hypertensives who were aware) referred to participants who were aware
of having hypertension but were not taking any anti-hypertensive medication (identified from interviewer
recorded lists of drug names and brand names).
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Uncontrolled hypertension (among hypertensives who were treated) was defined as participants on anti-
hypertension medication who were found to have a mean SBP 2140 mmHg or mean DBP 290 mmHg during
the health examination.

Explanatory variables

The explanatory variables included self-reported socio-demographic factors (i.e. age, gender, ethnicity,
highest educational level obtained, marital status, work status during the past 12 months and average
monthly household income). Age at interview was derived from the date of birth. Ethnicity was obtained
from participant’s identity card and classified into Chinese, Malay and Indian. Highest education level was
categorized into three levels: (i) primary school education or lower, (ii) secondary school education/ITE
(Institute of Technical Education)/NTC (National Technical Certificate), and (iii) tertiary education or higher.
Marital status was dichotomized into currently married or not married (single, divorced, widowed or
married but separated from spouse). Work status was classified into three categories: (i) employed
(working adults or full-time studying), (ii) homemaker (housewife or non-working individual who manages
a home), and (iii) retired/unemployed. Participants were asked to provide average monthly household
income in Singapore Dollars (1 Singapore Dollars approximates 0.74 U.S. Dollars) by choosing one of the
following options: <$2,000, $2,000-3,999, $4,000-5,999, or =56,000. An ‘unknown’ income category was
created for participants who refused to report household income.
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Statistical analyses

Counts and percentages were presented for categorical variables. Bivariate and multivariable logistic
regression analyses were performed to assess the association of each socio-demographic factor with
hypertension, unawareness of hypertension, and untreated and uncontrolled hypertension, respectively.
Multivariable logistic regression analyses were performed by mutually adjusting for all other socio-
demographic variables (i.e. age, gender, ethnicity, highest educational level attained, marital status, work
status during the past 12 months and average monthly household income) excluding the main variable
under each investigation. To investigate whether the relationship between socio-demographic factors and
hypertension was moderated by ethnicity, interaction effects between ethnicity and socio-demographic
factors on hypertension were examined by adding the interaction terms to the multivariable model. A
stratified analysis by ethnic group was conducted to explore whether differences in socio-demographics
contribute in part to ethnic differences in hypertension. Odds Ratios (ORs) and Adjusted Odds Ratios (AORs)
were reported with the corresponding 95% confidence intervals (95% Cl). A p-value of <0.05 was
considered statistically significant. All statistical analyses were conducted using STATA 14.0 for Windows
(Stata Corporation, College Station, Texas, USA).
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2

3

4

5

6

7

8 RESULTS

9 Among 14,530 participants enrolled in the MEC study, 11,101 individuals completed survey questionnaires
10 and attended the health examination. After excluding participants with major diseases (i.e. cardiovascular
1; diseases, stroke, transient ischemic attack, cancer, asthma and mental illnesses), duplicated records and
13 ‘Others’ ethnic group, our final study population was 10,215 individuals of three main Asian ethnic groups,
14 i.e. Chinese, Malay and Indian (online-only supplementary).

15

16

1; Participant characteristics

19 Table 1 lists the socio-demographic characteristics of our study population. The participants comprised 47.2%
20 Chinese, 26.0% Malay and 26.8% Indian. The majority of the participants were aged >40 years (68.1%),
21 females (56.7%), had secondary school or higher educational level (73.0%), married (76.0%), and were
;; working or studying full-time (68.6%). The average monthly household income was less than $4,000 in 48.0%
24 of the participants.

25

26

27 Factors associated with hypertension

28

29 Of the 10,215 participants included in our analysis (Table 1), 31.1% were hypertensives. In this study
30 population, the estimated prevalence of hypertension varied across socio-demographic factors: ethnic
31 group (Malay: 33.1%; Chinese: 31.5%; Indian: 28.5%), age (=60 years: 72.8%; 50-59 years: 45.7%; 40-49
32 years: 25.0%; <40 years: 9.0%), gender (male: 33.9%; female: 29.0%), educational level (primary school or
33 lower: 48.3%; secondary: 29.2%,; tertiary or higher: 18.5%), marital status (married: 32.9%; not currently
;g married: 25.4%), work status (retired/unemployed: 54.9%; homemaker: 39.1%; working/studying: 25.3%),
36 and monthly household income level (<$2,000: 35.1%; $2000-3,999: 28.3%; $4,000-5,999: 24.7%; >=5$6,000:
37 23.9%).

;g In the multivariable analysis (Table 1), most of the socio-demographic factors remained significant, except
40 marital status and household income. Compared with Chinese, the odds of hypertension were higher in
41 Malays (p=0.007), whereas no significant difference was observed between Indian and Chinese (p=0.165).
42 Older age was strongly associated with increased odds of hypertension (overall p<0.001). Multivariable
43 analysis demonstrated that the adjusted odds of hypertension in males compared to females was higher
44 than the unadjusted odds ratio (AOR=1.65 vs. COR=1.25). Compared to females, males were more likely
45 to have hypertension (AOR=1.65, 95% Cl=1.47-1.85). Decreased educational level was associated with
46 higher odds of hypertension (overall p<0.001). Compared to working or studying full-time, being
j; homemaker or retired/unemployed significantly increased the odds of hypertension (overall p<0.001). The
49 originally significant relationship between household income and hypertension was eliminated after
50 adjustment for age and educational level.

g; Significant interactions (p<0.050) were observed between ethnicity and age (p=0.025), gender (p<0.001),
53 work status (p=0.034), and household income (p<0.001). After including these significant interaction terms
54 into the final logistic model, interaction effects remained significant (p<0.050) between ethnicity and age,
55 gender and household income. The addition of ethnicity affected the association between socio-
56 demographic factors and the odds of hypertension.

57

58

Zg Factors associated with hypertension stratified by ethnicity
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In stratified analysis (Table 2), hypertension was present in 31.5% of Chinese, 33.1% of Malay and 28.5% of
Indian. The association between socio-demographic factors and the odds of hypertension in each ethnic
group was moderated by the interaction effects between ethnicity and age, gender, work status and
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Table 1: Association of socio-demographic factors and hypertension (n=10,215)
Socio-demographic Hypertension
factor Total | Hypertension Unadjusted Adjusted
n n (%) COR (95% Cl) p-value AOR (95% Cl) p-value

Ethnicity

Chinese 4817 1519 31.5 1 [Ref.] 0.001* 1 [Ref.] <0.001*

Malay 2659 879 33.1 1.07 (0.97, 1.19) 0.177 1.18 (1.05, 1.34) 0.007

Indian 2739 780 28.5 0.86 (0.78, 0.96) 0.006 0.92 (0.81, 1.04) 0.165
Age

<40 3258 292 9.0 1 [Ref.] <0.001* | 1 [Ref] <0.001*

40-49 3187 798 25.0 3.39 (2.94, 3.92) <0.001 3.18 (2.73, 3.71) <0.001

50-59 2420 1106 45.7 8.55 (7.40, 9.88) <0.001 7.54 (6.44, 8.82) <0.001

>=60 1349 982 72.8 27.18 (22.93, 32.21) <0.001 19.97 (16.47, 24.23) <0.001
Gender

Female 5795 1682 29.0 1 [Ref.] 1 [Ref.]

Male 4419 1496 33.9 1.25 (1.15, 1.36) <0.001 1.65 (1.47, 1.85) <0.001
Highest education level

Primary or lower 2763 1334 48.3 1 [Ref.] <0.001* 1 [Ref.] <0.001*

Secondary 4346 1271 29.2 0.44 (0.40, 0.49) <0.001 0.70 (0.62, 0.78) <0.001

Tertiary or higher 3100 573 18.5 0.24 (0.22, 0.27) <0.001 0.59 (0.50, 0.69) <0.001
Marital status

Currently married 7757 2555 32.9 1 [Ref.] 1 [Ref.]

Not currently married 2452 623 25.4 0.69 (0.63, 0.77) <0.001 1.11 (0.97, 1.26) 0.126
Work status

Working/Studying full-time 6972 1766 25.3 1 [Ref.] <0.001* 1 [Ref.] <0.001*

Homemaker 2264 886 39.1 1.90 (1.71, 2.10) <0.001 1.36 (1.19, 1.56) <0.001

Retired/Unemployed 930 511 54.9 3.60 (3.13, 4.14) <0.001 1.20 (1.01, 1.43) 0.042
Monthly household income (SGD)

<2,000 2277 800 35.1 | 1[Ref] <0.001* | 1[Ref] 0.172*

2,000-3,999 2619 740 28.3 0.73 (0.64, 0.82) <0.001 1.07 (0.93, 1.23) 0.343

4,000-5,999 1664 411 24.7 0.61 (0.53, 0.70) <0.001 1.03 (0.88, 1.22) 0.691

>=6,000 1462 349 23.9 0.58 (0.50, 0.67) <0.001 1.13 (0.94, 1.36) 0.202

AOf all participants, 21.5% did not provide information on their averaged monthly household income. They have been categorized as ‘unknown income’ and included for analysis.
SGD referred to Singapore Dollar

Crude OR (COR) was derived from bivariate logistic regression model

Adjusted OR (AOR) was derived from multivariable logistic regression model mutually adjusted for all other socio-demographic factors

Bolded values are 2-sided p-values <0.05; Cl: Confidence interval; *overall p-value
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Table 2:Association of socio-demographic factors and hypertension by ethnic groups, i.e. Chinese (n=4,817), Malay (n=2,659) and Indian (n=2,739)

Page 12 of 25

Ethnicity
Socio-demographic Chinese Malay Indian
factor AOR (95% Cl) p-value AOR (95% Cl) p-value AOR (95% Cl) p-value

Age

<40 1 [Ref] <0.001* 1 [Ref] <0.001* 1 [Ref] <0.001*

40-49 2.50 (1.99, 3.15) <0.001 4.04 (3.03, 5.38) <0.001 3.44 (2.53, 4.68) <0.001

50-59 6.44 (.10, 8.15) <0.001 8.38 (6.20, 11.33) <0.001 8.26 (6.07, 11.25) <0.001

>=60 14.37 (10.82, 19.06) <0.001 30.53 (20.30, 45.92) <0.001 23.81 (16.40, 34.56) <0.001
Gender

Female 1 [Ref] 1 [Ref] 1 [Ref]

Male 1.85 (1.58, 2.17) <0.001 1.08 (0.85, 1.37) 0.527 1.97 (1.56, 2.50) <0.001
Highest education level

Primary or lower 1 [Ref] <0.001* | 1 [Ref] 0.017* 1 [Ref] <0.001*

Secondary 0.65 (0.54, 0.77) <0.001 0.73 (0.59, 0.91) 0.005 0.71 (0.57, 0.88) 0.002

Tertiary or higher 0.54 (0.43, 0.67) <0.001 0.73 (0.52, 1.04) 0.086 0.50 (0.36, 0.68) <0.001
Marital status

Currently married 1 [Ref] 1 [Ref] 1 [Ref]

Not currently married 1.05  (0.87, 1.27) 0.616 1.00 (0.77, 1.31) 0.972 1.25 (098, 1.59)  0.074
Work status

Working/Studying full-time | 1 [Ref] 0.0078* | 1 [Ref] 0.126* 1 [Ref] 0.066*

Homemaker 1.30 (1.05, 1.61) 0.015 1.29 (1.00, 1.67) 0.048 1.37 (1.05, 1.79) 0.021

Retired/Unemployed 1.38 (1.06, 1.78) 0.015 0.97 (0.67, 1.43) 0.894 1.15 (0.83, 1.60) 0.398
Monthly household income (SGD)”

<2,000 1 [Ref] 0.391* 1 [Ref] <0.001* 1 [Ref] 0.137*

2,000-3,999 0.88 (0.69, 1.12) 0.306 1.07 (0.84, 1.37) 0.593 1.28 (1.00, 1.64) 0.046

4,000-5,999 1.04 (0.80, 1.36) 0.764 1.02 (0.76, 1.37) 0.879 0.92 (0.67, 1.25) 0.579

>=6,000 1.12 (0.86, 1.46) 0.401 0.72 (0.47, 1.11) 0.133 1.20 (0.83, 1.75) 0.334

AOf all participants, 21.5% did not provide information on their averaged monthly household income. They have been categorized as ‘unknown income’ and included for analysis.

SGD referred to Singapore Dollar

Crude OR (COR) was derived from bivariate logistic regression model

Adjusted OR (AOR) was derived from multivariable logistic regression model mutually adjusted for all other socio-demographic factors

Bolded values are 2-sided p-values <0.05; Cl: Confidence interval; *overall p-value
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household income. The adjusted odds ratios of hypertension were higher in older age categories compared
to age below 40 years, and similar pattern was observed in each ethnic group. Males had significantly higher
odds of hypertension only in Chinese and Indian but not in Malay ethnic. No significant interaction was
found between ethnicity and educational level. Educational level was related to hypertension
independently of ethnicity. Lower education was consistently associated with higher odds of hypertension
in all ethnic groups, and the adjusted odds ratios were almost comparable with the non-stratified analysis
(Table 1). In terms of work status, the odds of hypertension in homemaker were consistently significant for
all ethnic groups and higher for Indians but relatively lower for Chinese and Malays. Significantly higher
odds of hypertension in retired/unemployed persisted only among Chinese but not among minorities
Malay and Indian ethnic groups. Income-hypertension relationship was not found in Chinese and Malay
ethnic groups, but Indians having lower income (between $2,000 and $3,999) were significantly associated
with hypertension.

Factors associated with unawareness of hypertension

Among hypertensives, 49.0% were unaware of having hypertension (i.e. 48.9% of Chinese, 53.4% of Malay
and 44.4% of Indian). In the multivariable analysis (Table 3), significant associations of ethnicity and age
with unawareness persisted. Indians were less likely to be unaware of having hypertension (AOR = 0.80,
95%Cl: 0.67-0.96) when compared with Chinese while no significant association was observed for Malays.
Additionally, participants from older age groups, i.e. 50-59 years (AOR = 0.58, 95%Cl: 0.44-0.77) and =60
years (AOR = 0.53, 95%Cl: 0.39-0.72), were less likely to be unaware of having hypertension when
compared with adults aged below 40 years.

Factors associated with untreated hypertension

Among participants who were aware of having hypertension, 25.2% were untreated for hypertension (i.e.
24.7% of Chinese, 23.4% of Malay and 27.7% of Indian). In the multivariable analysis (Table 3), older age
was associated with much reduced odds of untreated hypertension when compared with age below 40
years, i.e. 40-49 years (AOR = 0.39, 95%Cl: 0.25-0.61), 50-59 years (AOR = 0.22, 95%Cl: 0.14-0.34), and 260
years (AOR = 0.13, 95%Cl: 0.08-0.21). Males remained to have a significantly higher odds of untreated
hypertension (AOR = 1.51, 95%Cl: 1.12-2.04) when compared with females. With regards to educational
level, the direction of the association with untreated hypertension changed in the multivariable analysis,
i.e. higher educational level was associated with lower odds of being untreated, but only secondary school
education was a significant factor (AOR = 0.69, 95%Cl: 0.52-0.91) when compared with primary school
education.

Factors associated with uncontrolled hypertension

Among participants who were treated for hypertension, 62.4% did not have their hypertension controlled
(i.e. 65.5% of Chinese, 63.1% of Malay and 56.7% of Indian). In the multivariable analysis (Table 4), only
older age and being retired/unemployed remained as significant factors. Higher odds of uncontrolled
hypertension were associated with older age. Participants from older age groups, i.e. 50-59 years (AOR =
2.54, 95%Cl: 1.33-4.87) and =60 years (AOR = 3.98, 95%Cl: 2.01-7.91) were more likely to experience
uncontrolled hypertension when compared with participants aged <40 years. The majority of the retirees
and unemployed participants were older adults aged >60 years (53.0%). Compared with adults who were
working or studying full-time, participants who were retired or unemployed (AOR = 1.51, 95%Cl: 1.02-2.24)
were more likely to have uncontrolled hypertension.
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Table 3: Association of socio-demographic factors and unawareness among hypertensives (n=3,175), untreated among those who were aware of hypertension (n=1,618)

Socio-demographic

BMJ Open

Unawareness among hypertensives

Untreated among aware

factor COR (95% Cl) p-value AOR (95% CI) p-value COR (95% CI) p-value AOR (95% CI) p-value

Ethnicity

Chinese 1 [Ref] 0.001* 1 [Ref] 0.0046* 1 [Ref] 0.335% 1 [Ref] 0.520*

Malay 1.19 (1.01, 1.41) 0.037 1.11 (0.93, 1.32) 0.258 0.93 (0.70, 1.24) 0.630 0.87 (0.64, 1.20) 0.398

Indian 0.83 (0.70, 0.99) 0.037 0.80 (0.67, 0.96) 0.018 1.17 (0.89, 1.52) 0.257 1.05 (0.78, 1.42) 0.731
Age

<40 1 [Ref] <0.001* 1 [Ref] <0.001* | 1 [Ref] <0.001* 1 [Ref] <0.001*

40-49 089  (0.67, 1.16) 0.383 0.89 (0.67, 1.18) 0.403 037 (0.24, 0.57)  <0.001 0.39 (0.25, 0.61) <0.001

50-59 0.58 (0.44, 0.75) <0.001 0.58 (0.44, 0.77) <0.001 0.20 (0.13, 0.31) <0.001 0.22 (0.14, 0.34) <0.001

>=60 0.50 (0.39, 0.66) <0.001 0.53 (0.39, 0.72) <0.001 0.12 (0.08, 0.19) <0.001 0.13 (0.08, 0.21) <0.001
Gender

Female 1 [Ref] 1 [Ref] 1 [Ref] 1 [Ref]

Male 1.08 (0.94, 1.25) 0.259 1.15 (0.96, 1.37) 0.140 1.68 (1.34, 2.11) <0.001 1.51 (1.12, 2.04) 0.007
Highest education level

Primary or lower 1 [Ref] 0.007* 1 [Ref] 0.310* 1 [Ref] 0.007* 1 [Ref] 0.033*

Secondary 1.27 (1.09, 1.48) 0.002 1.13 (0.95, 1.33) 0.162 1.02 (0.80, 1.32) 0.849 0.69 (0.52, 0.91) 0.010

Tertiary or higher 1.21 (1.00, 1.48) 0.054 1.01 (0.80, 1.28) 0.937 1.59 (1.17, 2.15) 0.003 0.83 (0.56, 1.23) 0.362
Marital status

Currently married 1 [Ref] 1 [Ref] 1 [Ref] 1 [Ref]

Not currently married 1.02 (0.85, 1.21) 0.860 1.09 (0.91, 1.32) 0.356 0.88 (0.66, 1.17) 0.367 1.05 (0.76, 1.45) 0.781
Work status

Working/Studying full-time 1 [Ref] 0.002* 1 [Ref] 0.139* 1 [Ref] <0.001* 1 [Ref] 0.557*

Homemaker 0.91 (0.77, 1.07) 0.254 1.12 (0.91, 1.39) 0.275 0.47 (0.35, 0.62) <0.001 0.83 (0.58, 1.19) 0.316

Retired/Unemployed 0.70  (0.58, 0.86) 0.001 0.86 (0.69, 1.08) 0.203 049 (035, 0.68)  <0.001 0.88 (0.60, 1.30) 0.511
Monthly household income (SGD)*

<2,000 1 [Ref] 0.845* 1 [Ref] 0.837* 1 [Ref] 0.001* 1 [Ref] 0.147*

2,000-3,999 1.00 (0.82, 1.22) 0.996 0.91 (0.74, 1.12) 0.391 1.09 (0.80, 1.48) 0.600 0.87 (0.62, 1.22) 0.425

4,000-5,999 1.08 (0.85, 1.37) 0.530 0.97 (0.75, 1.25) 0.802 0.79 (0.54, 1.18) 0.249 0.62 (0.40, 0.96) 0.031

>=6,000 0.95 (0.74, 1.22) 0.680 0.86 (0.65, 1.14) 0.296 1.07 (0.73, 1.58) 0.732 0.76 (0.48, 1.21) 0.242

AOf all participants, 21.5% did not provide information on their averaged monthly household income. They have been categorized as ‘unknown income’ and included for analysis.

SGD referred to Singapore Dollar

Crude OR (COR) was derived from bivariate logistic regression model
Adjusted OR (AOR) was derived from multivariable logistic regression model mutually adjusted for all other socio-demographic factors

Bolded values are 2-sided p-values <0.05; Cl: Confidence interval; *overall p-value
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Table 4: Association of socio-demographic factors and uncontrolled hypertension among treated (n=1,211)

Socio-demographic
factor

Uncontrolled among treated

COR 95% CI p-value AOR 95% CI p-value

Ethnicity

Chinese 1 [Ref] 0.042* 1 [Ref] 0.174*

Malay 0.91 (0.69, 1.21) 0.526 0.99 (0.72, 1.35) 0.949

Indian 0.70 (0.53, 0.93) 0.013 0.76 (0.56, 1.04) 0.084
Age

<40 1 [Ref] <0.001* 1 [Ref] <0.001*

40-49 1.78 (0.93, 3.43) 0.084 1.61 (0.82, 3.15) 0.163

50-59 2.89 (1.54, 5.41) 0.001 2.54 (1.33, 4.87) 0.005

>=60 6.28 (3.32, 11.86) <0.001 3.98 (2.01, 7.91) <0.001
Gender

Female 1 [Ref] 1 [Ref]

Male 1.16 (0.91, 1.46) 0.231 1.35 (0.99, 1.85) 0.061
Highest education level

Primary or lower 1 [Ref] <0.001* 1 [Ref] 0.239*

Secondary 0.66 (0.51, 0.86) 0.002 0.81 (0.61, 1.08) 0.150

Tertiary or higher 0.54 (0.38, 0.75) <0.001 0.74 (0.49, 1.12) 0.153
Marital status

Currently married 1 [Ref] 1 [Ref]

Not currently married 1.12 (0.83, 1.50) 0.465 1.04 (0.75, 1.44) 0.811
Work status

l’i"n‘:;k'”g/ Studying full- 1 [Ref] <0.001* 1 [Ref] 0.068*

Homemaker 1.65 (1.26, 2.16) <0.001 1.34 (0.94, 1.89) 0.101

Retired/Unemployed 2.93 (2.08, 4.13) <0.001 1.51 (1.02, 2.24) 0.041
Monthly household income (SGD)

<2,000 1 [Ref] <0.001* 1 [Ref] 0.028*

2,000-3,999 0.86 (0.61, 1.20) 0.372 0.95 (0.66, 1.35) 0.762

4,000-5,999 0.77 (0.52, 1.14) 0.193 0.94 (0.61, 1.44) 0.767

>=6,000 0.65 (0.43, 0.99) 0.045 0.85 (0.53, 1.36) 0.506

AOf all participants, 21.5% did not provide information on their averaged monthly household income. They have been categorized as

‘unknown income’ and included for analysis;

SGD referred to Singapore Dollar

Crude OR (COR) was derived from bivariate logistic regression model
Adjusted OR (AOR) was derived from multivariable logistic regression model mutually adjusted for all other socio-demographic factors
Bolded values are 2-sided p-values <0.05; CI: Confidence interval; *overall p-value
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DISCUSSION

This large multi-ethnic Asian cohort study provides valuable insights into socio-demographic determinants
of hypertension within relatively homogeneous living environment and access to health care. We estimated
that approximately 1 in 3 participants had hypertension. The strength of the association between socio-
demographic factors and hypertension differed across ethnic groups. In addition to the established socio-
demographic risk factors (i.e. age and gender), our study adds new evidence about the importance of
ethnicity in relation to hypertension. Our stratified analysis suggested that the observed ethnic differences
in relation to hypertension was partly attributed to the variability in socio-demographic characteristics of
each ethnic group. Educational level rather than household income was an important socio-economic
indicator consistently associated with hypertension within all ethnic groups. Almost half of the
hypertensives in our study were unaware of having hypertension and 25% of those who were aware of
having hypertension remained untreated. Adults under 40 years of age were more likely to be undetected
and untreated than older individuals. Male participants were more likely to be untreated than females, and
participants with low educational level were more likely to be untreated when compared with those with
higher educational level. Among treated participants, more than half did not achieve optimal BP levels and
older age was strongly associated with worse BP control.

In agreement with similar studies conducted in other Asian countries'’?° and Singapore,* 1> our study
further demonstrated that older age is a strong factor associated with hypertension. Ethnic differences in
relation to hypertension were observed in our study, consistent with the current literature which was
largely conducted in the Western countries.'® 2! 22 While the association between Indian ethnicity and
hypertension ceased to be significant after the addition of socio-demographic factors, the association
between Malay ethnicity and hypertension was statistically significant. The ethnic differences observed in
our study were partly explained by the variability in socio-demographic profile within each ethnic group,
an interesting finding revealed from the stratified analysis. For instance, Malays and Indians had higher
odds ratio than Chinese for every increase in age group. Further, strong associations between gender and
hypertension was observed among Chinese and Indian, but not Malay. Higher educational level had been
found to be associated with lower prevalence of hypertension in earlier studies,?® 2* and our finding
demonstrated that this association was consistent for all ethnic groups. No association between marital
status and hypertension was observed in our study. The association between retired/unemployed status
and hypertension was significant only among Chinese but not in other ethnic groups. In general, the
income-hypertension association was not significant in our study after accounting for age and educational
level.

Older participants were more likely to be aware of having hypertension because it is common among the
age groups and health policies may have offered screening opportunity to this subgroup. The literature
suggested that minority ethnic groups who were hypertensive were more likely to be aware of their
hypertension.® 2t However, our study observed that Malay ethnic who had greater odds of hypertension
did not seem to be sufficiently aware of their condition. Conversely, Indians were relatively more aware of
having hypertension compared to Chinese. The observed ethnic differences in hypertension awareness
may be attributable to variations in lifestyle and cultural factors, and perceived benefit of hypertension
prevention and control.?>%7

Although older age was significantly related to hypertension, older participants in our study were more
likely to be aware of having hypertension and treated for the condition. But, younger age, male gender and
low educational level were significant determinants for untreated hypertension. Other study demonstrated
that the measures of education can better explain variation in hypertension and health inequalities.'? Low
educational attainment may directly or indirectly influence the treatment and control of hypertension
through lack of understanding about disease prevention, healthy lifestyle, perceived discrimination, among
others.??> Evidence suggested that education is a critical component of health and it is important to
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incorporate educational element in public health promotion and reducing health disparities.??° Older age
was significantly associated with uncontrolled hypertension in our study. This finding is consistent with the
current evidence® 3! but also contrasts with other findings which suggested that older adults had better
control of BP.% 8 Lack of control of BP among older adults in our population could due to aging-related
physiological changes, comorbidity and variation in response to treatment among older adult.3? Social
factors such as living in social exclusion, limited peer support, and not having sufficient knowledge to cope
with their hypertension condition may also affect their BP control.?3

Strength and Limitation

This study has a number of strengths. First, it is based on a large population-based study of a multi-ethnic
Asian population living in an urban city state. Second, the study used standardized and comprehensive
methodologies to capture exposure and outcome data. Third, we had purposively over-sampled minority
ethnic groups and recruited a large number of study participants to cover a wider age range and diverse
socio-demographic profile. Fourth, the findings of this study were robust after adjustment for potential
socio-demographic confounders. However, we noted that the study has several important limitations. First,
because the study design is cross-sectional, we cannot infer causality and determine the risk of
hypertension. Second, the classification of participants as being treated for hypertension was based on self-
reported intake of antihypertensive medication and a participant’s compliance to medication was not
determined. Third, participants were advised to fast for 8-12 hours before attending health examination.
However, assessment on participants’ exposures to caffeine and alcohol prior to BP measurements were
not carried out, hence this study was not able to rule out that some participants may have been exposed
to them. Fourth, BP of participants were measured on only one occasion during the health examination.
However, standard BP measurement protocols were used, and multiple BP measurements were taken to
minimize measurement error. Fourth, some participants did not provide information about average
monthly household income. To overcome this limitation, we had classified them as a separate category (i.e.
‘unknown income’ group) and included them for analyses. Unmeasured confounding cannot be adjusted
for in our study. Although the results are not generalizable to the Singapore population, our findings
contributed new insights to the study of hypertension in multi-ethnic urban Asian population. Future more
in-depth prospective studies may be useful to examine underlying mechanisms that contribute to
differential hypertension outcomes, and uncover the segments of population who may benefit from active
prevention and early treatment strategies.
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CONCLUSION

In this study, ethnic differences observed in hypertension were associated with socio-demographic
variability within ethnic groups. Age and educational level were consistent correlates of hypertension in all
ethnic groups. Unawareness and uncontrolled hypertension were common in this Asian population and
associated with socio-demographic factors. More targeted strategies may be required to overcome the
observed disparities.
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Table S-1: Characteristics of participants by ethnic group

BMJ Open

Chinese Malay Indian
Socio-demographic factors Normotensive  Hypertensive p-value Normotensive Hypertensive p-value | Normotensive Hypertensive p-value
n (%) n (%) n (%) n (%) h (%) h (%)

Age (years), mean (SD) 4222 (11.28) 5471  (11.42) <0.001 40.13 (11.10) 53.04 (10.93)  <0.001 | 41.17 (11.20) 53.77 (11.09) <0.001

Gender, n (%) <0.001 0.181 0.004
Female 1,921 (72.4) 734 (27.6) 1,031 (65.9) 533 (34.1) 1,161 (73.7) 415 (26.3)

Male 1,377 (63.7) 785 (36.3) 749 (68.4) 346 (31.6) 797 (68.6) 365 (31.4)

Blood pressure, mean (SD)

Systolic blood pressure 116.74  (11.97) 149.09 (16.80) <0.001 118.03 (12.02) 150.04 (17.33) <0.001 114.49 (12.91) 147.24  (18.70) <0.001
Diastolic blood pressure 70.40 (8.48) 84.40 (10.57) <0.001 69.78 (8.33) 83.32 (11.07) <0.001 69.14 (8.64) 82.18 (11.40) <0.001

Highest education level, n (%) <0.001 <0.001 <0.001
Primary or lower 499 (46.5) 573 (53.5) 419 (51.2) 400 (48.8) 511 (58.6) 361 (41.4)
Secondary 1,228  (68.6) 561 (31.4) 1,027 (71.8) 404 (28.2) 820 (72.8) 306 (27.2)

Tertiary or higher 1,569  (80.3) 385 (19.7) 332 (81.6) 75 (18.4) 626 (84.7) 113 (15.3)

Marital status, n (%) <0.001 0.001 0.832
Currently married 2,366  (65.6) 1,242 (34.4) 1,359 (65.3) 721 (34.7) 1,477 (71.4) 592 (28.6)

Not married/divorced/separated 930 (77.1) 277 (22.9) 420 (72.7) 158 (27.3) 479 (71.8) 188 (28.2)

Work status, n (%) <0.001 <0.001 <0.001
Working/Studying full-time 2,642 (74.2) 919 (25.8) 1,209 (74.3) 419 (25.7) 1,355 (76.0) 428 (24.0)
Homemaker 475 (59.7) 321 (40.3) 467 (58.1) 337 (41.9) 436 (65.7) 228 (34.3)
Retired/Unemployed 162 (37.4) 271 (62.6) 99 (45.6) 118 (54.4) 158 (56.4) 122 (43.6)

Monthly household income (SGD)”, n (%) <0.001 <0.001 <0.001
<2,000 379 (57.7) 278 (42.3) 543 (67.8) 258 (32.2) 555 (67.8) 264 (32.2)
2,000-3,999 713 (73.3) 260 (26.7) 563 (70.9) 231 (29.1) 603 (70.8) 249 (29.2)
4,000-5,999 554 (75.2) 183 (24.8) 317 (70.8) 131 (29.2) 382 (79.7) 97 (20.3)

26,000 707 (75.2) 233 (24.8) 162 (78.6) 44 (21.4) 244 (77.2) 72 (22.8)

AOf all participants, 21.5% did not provide information on their averaged monthly household income. They have been categorized as ‘unknown income’ and included for analysis;

n refers to number, SD refers to standard deviation

SGD refers to Singapore Dollars

For categorical variables, we reported the counts and percentages, and used the chi-square test to assess association between each categorical variable and hypertension status. For continuous variables, we reported the
mean and standard deviation and used the 2-sample independent t-test to assess association between the continuous variable and hypertension status.
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ABSTRACTS

Objectives: Literature suggested that multi-ethnic Western populations experienced differential
hypertension outcomes, but evidence is limited in Asia. This study aimed to determine socio-demographic
correlates of hypertension and its awareness, treatment and control among a multi-ethnic Asian population
living in Singapore.

Setting: We used cross-sectional data of participants from the Multi-Ethnic Cohort (MEC) (n=14,530)
recruited in Singapore between 2004 and 2010.

Participants: Participants who completed questionnaire and attended health examination, without
cardiovascular diseases, cancer, stroke, renal failure, asthma and mental illnesses were included in the
study. Multivariable logistic regression models were used to determine socio-demographics factors
associated with hypertension, unawareness of having hypertension, untreated and uncontrolled
hypertension.

Results: Among 10,215 participants (47.2% Chinese, 26.0% Malay and 26.8% Indian), hypertension
prevalence was estimated to be 31.1%. Older age, Malay ethnicity, male, lower educational level, and being
homemaker or retired/unemployed were factors significantly associated with hypertension. Stratified
analysis suggested that age and education were consistently associated with hypertension across all ethnic
groups. The proportions of being unaware, untreated and uncontrolled were 49.0%, 25.2% and 62.4%,
respectively. Ethnicity and younger age were associated with unawareness; younger age, male and lower
educational level were associated with untreated hypertension; and older age was associated with
uncontrolled hypertension.

Conclusions: In this study, ethnic differences in relation to hypertension were associated with socio-
demographic variability in ethnic groups. Age and educational level were consistent correlates of
hypertension in all ethnic groups. Unawareness and uncontrolled hypertension were common in this Asian
population and associated with socio-demographic factors. More targeted strategies may be required to
overcome the observed disparities.

Word count: 258
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STRENGTHS AND LIMITATIONS OF THIS STUDY

This is a large population-based study of a multi-ethnic Asian (Chinese, Malay, Indian)
population living in an urban city state with relatively homogeneous living environment.

The minority ethnic groups (Malay and Indian) were purposively over-sampled to increase their
representativeness in the study.

The study used standardized and comprehensive methodologies to capture exposure and
outcome data, and the findings were robust after adjustment for potential socio-demographic
confounders.

Due to the cross-sectional design, this study cannot infer causality and the estimated
prevalence of hypertension reported in this study may not be generalizable due to the sampling
methodology.

Participant’s exposure to caffeine and alcohol prior to blood pressure measurement was not
assessed and treatment for hypertension was based on self-reported intake of
antihypertensive medication.
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INTRODUCTION

Hypertension is a major risk factor of cardiovascular disease (CVD) and one of the leading causes of deaths
from non-communicable diseases (NCD).1? Hypertension is modifiable, yet there are a billion of individuals
living with the condition worldwide and are at risk of hypertension-related complications.? The current
evidence suggests that the public awareness and control of blood pressure (BP) remains challenging,*> and
that gaps in hypertension management were attributable to broader social and economic determinants.®®

In most Western countries, the impact of ethnic and socio-economic disparities on hypertension outcomes
has been well established. ° Literature suggested that racial difference in hypertension prevalence was
determined by demographics and lifestyle variables.'* A study reported that racial disparities observed in
BP were determined by differences in educational level.'> Educational level and family income are socio-
economic variables that have been well examined in relation with hypertension but the findings in the
literature are rather mixed.!*13

In Asia, the relationship between socio-demographic and hypertension is understudied. Singapore has a
rapidly ageing, urbanized and multi-ethnic Asian population (Chinese, Malays and Indians). Previous studies
have emphasized the importance to better understand awareness, treatment and control in order to
improve hypertension management in the community.'* 1> To address existing gaps in the evidence, we
examined socio-demographic determinants of hypertension, unawareness of having hypertension,
untreated and uncontrolled hypertension in the multi-ethnic Asian population in Singapore.
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METHODS

Patient and public involvement

The Multi-Ethnic Cohort Study (MEC) is a population-based study in Singapore (n=14,530) with recruitment
conducted between 2004 and 2010. The MEC participants were mainly recruited from the existing cohorts
between 2004 and 2007, i.e. Singapore Prospective Study Program (SP2) and Singapore Cardiovascular
Cohort Study (SCCS2),%617 with additional participants recruited between 2007 and 2010. The detailed study
methodology can be found on the study webpage http://blog.nus.edu.sg/sphs/ and the MEC Cohort
Profile.’® Essentially, the study participants were Singaporeans or permanent residents of three ethnic
groups (i.e. Chinese, Malay and Indian), aged >21 years and free from cancer, heart disease, stroke, renal
failure, asthma and mental illness. In the recruitment of additional participants, the minority ethnic groups,
Malays and Indians, were recruited following a convenience sampling methodology and purposively over-
sampled through public outreach at community events, mosques and temples as well as referrals from
existing cohort members in addition to household visitation. In general, the sample population had a
relatively homogenous living condition, i.e. all participants were living in Singapore, a city state, where
government policies had led to relatively even distributions of public housing, ethnic groups, and provision
of various health related infrastructure across the country. The study included individuals who had
completed questionnaires and attended health examination. Study procedures were approved by the
National University of Singapore Institutional Review Board and SingHealth Centralised Institutional Review
Board.

All participants who provided consent to participate in this study were visited at home and completed an
interview-administered questionnaire in English, Chinese or Malay languages. Subsequently, they
underwent a health examination including repeated BP measurements. The interview questionnaires
collected self-reported socio-demographic information, hypertension diagnosis, medical history and anti-
hypertensive medication use.

Participants were asked to rest for 5 minutes, then systolic blood pressure (SBP) and diastolic blood
pressure (DBP) were measured twice using an automated digital monitor (Dinamap Carescape V100,
General Electric). If the difference between these two readings of SBP or DBP exceeded 10 mmHg or 5
mmHg, respectively, SBP and DBP were measured again and recorded as the third set of readings. For the
small number of participants whose BP exceeded the range of the digital monitor, a sphygmomanometer
(Accoson, United Kingdom) was used.'® Mean values of the SBP and the DBP were computed for every
participant and used in subsequent analyses.

Variables
Outcome variables

Hypertension (among all participants) was defined as either (i) the participant answering ‘yes’ to the survey
question ‘has a physician (western trained) or other professional told you that you have high blood
pressure?’ or (ii) having mean SBP 2140 mmHg or mean DBP 290 mmHg during the health examination.

Unawareness of hypertension (among hypertensives) was defined as the participant answering ‘no’ or ‘do
not know’ to the survey question ‘has a physician (western trained) or other professional told you that you
have high blood pressure?’ but having mean SBP 2140 mmHg or mean DBP 290 mmHg during the health
examination.
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Untreated hypertension (among hypertensives who were aware) referred to participants who were aware
of having hypertension but were not taking any anti-hypertensive medication (identified from interviewer
recorded lists of drug names and brand names).

Uncontrolled hypertension (among hypertensives who were treated) was defined as participants on anti-
hypertension medication who were found to have a mean SBP 2140 mmHg or mean DBP 290 mmHg during
the health examination.

Explanatory variables

The explanatory variables included self-reported socio-demographic factors (i.e. age, gender, ethnicity,
highest educational level obtained, marital status, work status during the past 12 months and average
monthly household income). Age at interview was derived from the date of birth. Ethnicity was obtained
from participant’s identity card and classified into Chinese, Malay and Indian. Highest education level was
categorized into three levels: (i) primary school education or lower, (ii) secondary school education/ITE
(Institute of Technical Education)/NTC (National Technical Certificate), and (iii) tertiary education or higher.
Marital status was dichotomized into currently married or not married (single, divorced, widowed or
married but separated from spouse). Work status was classified into three categories: (i) employed
(working adults or full-time studying), (ii) homemaker (housewife or non-working individual who manages
a home), and (iii) retired/unemployed. Participants were asked to provide average monthly household
income in Singapore Dollars (1 Singapore Dollars approximates 0.74 U.S. Dollars) by choosing one of the
following options: <$2,000, $2,000-3,999, $4,000-5,999, or >56,000. An ‘unknown’ income category was
created for participants who refused to report household income.
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Statistical analyses

Counts and percentages were presented for categorical variables. Bivariate and multivariable logistic
regression analyses were performed to assess the association of each socio-demographic factor with
hypertension, unawareness of hypertension, and untreated and uncontrolled hypertension, respectively.
Multivariable logistic regression analyses were performed by mutually adjusting for all other socio-
demographic variables (i.e. age, gender, ethnicity, highest educational level attained, marital status, work
status during the past 12 months and average monthly household income) excluding the main variable
under each investigation. To investigate whether the relationship between socio-demographic factors and
hypertension was moderated by ethnicity, interaction effects between ethnicity and socio-demographic
factors on hypertension were examined by adding the interaction terms to the multivariable model. A
stratified analysis by ethnic group was conducted to explore whether differences in socio-demographics
contribute in part to ethnic differences in hypertension. Odds Ratios (ORs) and Adjusted Odds Ratios (AORs)
were reported with the corresponding 95% confidence intervals (95% Cl). A p-value of <0.05 was
considered statistically significant. All statistical analyses were conducted using STATA 14.0 for Windows
(Stata Corporation, College Station, Texas, USA).
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0 RESULTS

11 Among 14,530 participants enrolled in the MEC study, 11,101 individuals completed survey questionnaires
12 and attended the health examination. After excluding participants with major diseases (i.e. cardiovascular
13 diseases, stroke, transient ischemic attack, cancer, asthma and mental ilinesses), duplicated records and
1;‘ ‘Others’ ethnic group, our final study population was 10,215 individuals of three main Asian ethnic groups,
16 i.e. Chinese, Malay and Indian (online-only supplementary).

17

18

19 Participant characteristics

20

21 Table 1 lists the socio-demographic characteristics of our study population. The participants comprised 47.2%
22 Chinese, 26.0% Malay and 26.8% Indian. The majority of the participants were aged 240 years (68.1%),
23 females (56.7%), had secondary school or higher educational level (73.0%), married (76.0%), and were
24 working or studying full-time (68.6%). The average monthly household income was less than $4,000 in 48.0%
25 of the participants.

26

27

28

29 Factors associated with hypertension

2(1) Of the 10,215 participants included in our analysis (Table 1), 31.1% were hypertensives. In this study
32 population, the estimated prevalence of hypertension varied across socio-demographic factors: ethnic
33 group (Malay: 33.1%; Chinese: 31.5%; Indian: 28.5%), age (>60 years: 72.8%; 50-59 years: 45.7%; 40-49
34 years: 25.0%; <40 years: 9.0%), gender (male: 33.9%; female: 29.0%), educational level (primary school or
35 lower: 48.3%; secondary: 29.2%; tertiary or higher: 18.5%), marital status (married: 32.9%; not currently
36 married: 25.4%), work status (retired/unemployed: 54.9%; homemaker: 39.1%; working/studying: 25.3%),
;73 and monthly household income level (<5$2,000: 35.1%; $2000-3,999: 28.3%; $4,000-5,999: 24.7%; >=56,000:
39 23.9%).

40 In the multivariable analysis (Table 1), most of the socio-demographic factors remained significant, except
j; marital status and household income. Compared with Chinese, the odds of hypertension were higher in
43 Malays (p=0.007), whereas no significant difference was observed between Indian and Chinese (p=0.165).
44 Older age was strongly associated with increased odds of hypertension (overall p<0.001). Multivariable
45 analysis demonstrated that the adjusted odds of hypertension in males compared to females was higher
46 than the unadjusted odds ratio (AOR=1.65 vs. COR=1.25). Compared to females, males were more likely
47 to have hypertension (AOR=1.65, 95% Cl=1.47-1.85). Decreased educational level was associated with
48 higher odds of hypertension (overall p<0.001). Compared to working or studying full-time, being
49 homemaker or retired/unemployed significantly increased the odds of hypertension (overall p<0.001). The
30 originally significant relationship between household income and hypertension was eliminated after
g; adjustment for age and educational level.

53 Significant interactions (p<0.050) were observed between ethnicity and age (p=0.025), gender (p<0.001),
g;’ work status (p=0.034), and household income (p<0.001). After including these significant interaction terms
56 into the final logistic model, interaction effects remained significant (p<0.050) between ethnicity and age,
57 gender and household income. The addition of ethnicity affected the association between socio-
58 demographic factors and the odds of hypertension.

59

60
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Factors associated with hypertension stratified by ethnicity

In stratified analysis (Table 2), hypertension was present in 31.5% of Chinese, 33.1% of Malay and 28.5% of
Indian. The association between socio-demographic factors and the odds of hypertension in each ethnic
group was moderated by the interaction effects between ethnicity and age, gender, work status and
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Table 1: Association of socio-demographic factors and hypertension (n=10,215)
Socio-demographic Hypertension
factor Total | Hypertension Unadjusted Adjusted
n n (%) COR (95% Cl) p-value AOR (95% Cl) p-value

Ethnicity

Chinese 4817 1519 31.5 1 [Ref.] 0.001* 1 [Ref.] <0.001*

Malay 2659 879 33.1 1.07 (0.97, 1.19) 0.177 1.18 (1.05, 1.34) 0.007

Indian 2739 780 28.5 0.86 (0.78, 0.96) 0.006 0.92 (0.81, 1.04) 0.165
Age

<40 3258 292 9.0 1 [Ref.] <0.001* | 1 [Ref] <0.001*

40-49 3187 798 25.0 3.39 (2.94, 3.92) <0.001 3.18 (2.73, 3.71) <0.001

50-59 2420 1106 45.7 8.55 (7.40, 9.88) <0.001 7.54 (6.44, 8.82) <0.001

>=60 1349 982 72.8 27.18 (22.93, 32.21) <0.001 19.97 (16.47, 24.23) <0.001
Gender

Female 5795 1682 29.0 1 [Ref.] 1 [Ref.]

Male 4419 1496 33.9 1.25 (1.15, 1.36) <0.001 1.65 (1.47, 1.85) <0.001
Highest education level

Primary or lower 2763 1334 48.3 1 [Ref.] <0.001* 1 [Ref.] <0.001*

Secondary 4346 1271 29.2 0.44 (0.40, 0.49) <0.001 0.70 (0.62, 0.78) <0.001

Tertiary or higher 3100 573 18.5 0.24 (0.22, 0.27) <0.001 0.59 (0.50, 0.69) <0.001
Marital status

Currently married 7757 2555 32.9 1 [Ref.] 1 [Ref.]

Not currently married 2452 623 25.4 0.69 (0.63, 0.77) <0.001 1.11 (0.97, 1.26) 0.126
Work status

Working/Studying full-time 6972 1766 25.3 1 [Ref.] <0.001* 1 [Ref.] <0.001*

Homemaker 2264 886 39.1 1.90 (1.71, 2.10) <0.001 1.36 (1.19, 1.56) <0.001

Retired/Unemployed 930 511 54.9 3.60 (3.13, 4.14) <0.001 1.20 (1.01, 1.43) 0.042
Monthly household income (SGD)

<2,000 2277 800 35.1 | 1[Ref] <0.001* | 1[Ref] 0.172*

2,000-3,999 2619 740 28.3 0.73 (0.64, 0.82) <0.001 1.07 (0.93, 1.23) 0.343

4,000-5,999 1664 411 24.7 0.61 (0.53, 0.70) <0.001 1.03 (0.88, 1.22) 0.691

>=6,000 1462 349 23.9 0.58 (0.50, 0.67) <0.001 1.13 (0.94, 1.36) 0.202

AOf all participants, 21.5% did not provide information on their averaged monthly household income. They have been categorized as ‘unknown income’ and included for analysis.
SGD referred to Singapore Dollar

Crude OR (COR) was derived from bivariate logistic regression model

Adjusted OR (AOR) was derived from multivariable logistic regression model mutually adjusted for all other socio-demographic factors

Bolded values are 2-sided p-values <0.05; Cl: Confidence interval; *overall p-value
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Table 2:Association of socio-demographic factors and hypertension by ethnic groups, i.e. Chinese (n=4,817), Malay (n=2,659) and Indian (n=2,739)
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Ethnicity
Socio-demographic Chinese Malay Indian
factor AOR (95% Cl) p-value AOR (95% Cl) p-value AOR (95% Cl) p-value

Age

<40 1 [Ref] <0.001* 1 [Ref] <0.001* 1 [Ref] <0.001*

40-49 2.50 (1.99, 3.15) <0.001 4.04 (3.03, 5.38) <0.001 3.44 (2.53, 4.68) <0.001

50-59 6.44 (.10, 8.15) <0.001 8.38 (6.20, 11.33) <0.001 8.26 (6.07, 11.25) <0.001

>=60 14.37 (10.82, 19.06) <0.001 30.53 (20.30, 45.92) <0.001 23.81 (16.40, 34.56) <0.001
Gender

Female 1 [Ref] 1 [Ref] 1 [Ref]

Male 1.85 (1.58, 2.17) <0.001 1.08 (0.85, 1.37) 0.527 1.97 (1.56, 2.50) <0.001
Highest education level

Primary or lower 1 [Ref] <0.001* | 1 [Ref] 0.017* 1 [Ref] <0.001*

Secondary 0.65 (0.54, 0.77) <0.001 0.73 (0.59, 0.91) 0.005 0.71 (0.57, 0.88) 0.002

Tertiary or higher 0.54 (0.43, 0.67) <0.001 0.73 (0.52, 1.04) 0.086 0.50 (0.36, 0.68) <0.001
Marital status

Currently married 1 [Ref] 1 [Ref] 1 [Ref]

Not currently married 1.05  (0.87, 1.27) 0.616 1.00 (0.77, 1.31) 0.972 1.25 (098, 1.59)  0.074
Work status

Working/Studying full-time | 1 [Ref] 0.0078* | 1 [Ref] 0.126* 1 [Ref] 0.066*

Homemaker 1.30 (1.05, 1.61) 0.015 1.29 (1.00, 1.67) 0.048 1.37 (1.05, 1.79) 0.021

Retired/Unemployed 1.38 (1.06, 1.78) 0.015 0.97 (0.67, 1.43) 0.894 1.15 (0.83, 1.60) 0.398
Monthly household income (SGD)”

<2,000 1 [Ref] 0.391* 1 [Ref] <0.001* 1 [Ref] 0.137*

2,000-3,999 0.88 (0.69, 1.12) 0.306 1.07 (0.84, 1.37) 0.593 1.28 (1.00, 1.64) 0.046

4,000-5,999 1.04 (0.80, 1.36) 0.764 1.02 (0.76, 1.37) 0.879 0.92 (0.67, 1.25) 0.579

>=6,000 1.12 (0.86, 1.46) 0.401 0.72 (0.47, 1.11) 0.133 1.20 (0.83, 1.75) 0.334

AOf all participants, 21.5% did not provide information on their averaged monthly household income. They have been categorized as ‘unknown income’ and included for analysis.

SGD referred to Singapore Dollar

Crude OR (COR) was derived from bivariate logistic regression model

Adjusted OR (AOR) was derived from multivariable logistic regression model mutually adjusted for all other socio-demographic factors

Bolded values are 2-sided p-values <0.05; Cl: Confidence interval; *overall p-value
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household income. The adjusted odds ratios of hypertension were higher in older age categories compared
to age below 40 years, and similar pattern was observed in each ethnic group. Males had significantly higher
odds of hypertension only in Chinese and Indian but not in Malay ethnic. No significant interaction was
found between ethnicity and educational level. Educational level was related to hypertension
independently of ethnicity. Lower education was consistently associated with higher odds of hypertension
in all ethnic groups, and the adjusted odds ratios were almost comparable with the non-stratified analysis
(Table 1). In terms of work status, the odds of hypertension in homemaker were consistently significant for
all ethnic groups and higher for Indians but relatively lower for Chinese and Malays. Significantly higher
odds of hypertension in retired/unemployed persisted only among Chinese but not among minorities
Malay and Indian ethnic groups. Income-hypertension relationship was not found in Chinese and Malay
ethnic groups, but Indians having lower income (between $2,000 and $3,999) were significantly associated
with hypertension.

Factors associated with unawareness of hypertension

Among hypertensives, 49.0% were unaware of having hypertension (i.e. 48.9% of Chinese, 53.4% of Malay
and 44.4% of Indian). In the multivariable analysis (Table 3), significant associations of ethnicity and age
with unawareness persisted. Indians were less likely to be unaware of having hypertension (AOR = 0.80,
95%Cl: 0.67-0.96) when compared with Chinese while no significant association was observed for Malays.
Additionally, participants from older age groups, i.e. 50-59 years (AOR = 0.58, 95%Cl: 0.44-0.77) and =60
years (AOR = 0.53, 95%Cl: 0.39-0.72), were less likely to be unaware of having hypertension when
compared with adults aged below 40 years.

Factors associated with untreated hypertension

Among participants who were aware of having hypertension, 25.2% were untreated for hypertension (i.e.
24.7% of Chinese, 23.4% of Malay and 27.7% of Indian). In the multivariable analysis (Table 3), older age
was associated with much reduced odds of untreated hypertension when compared with age below 40
years, i.e. 40-49 years (AOR = 0.39, 95%Cl: 0.25-0.61), 50-59 years (AOR = 0.22, 95%Cl: 0.14-0.34), and 260
years (AOR = 0.13, 95%Cl: 0.08-0.21). Males remained to have a significantly higher odds of untreated
hypertension (AOR = 1.51, 95%Cl: 1.12-2.04) when compared with females. With regards to educational
level, the direction of the association with untreated hypertension changed in the multivariable analysis,
i.e. higher educational level was associated with lower odds of being untreated, but only secondary school
education was a significant factor (AOR = 0.69, 95%Cl: 0.52-0.91) when compared with primary school
education.

Factors associated with uncontrolled hypertension

Among participants who were treated for hypertension, 62.4% did not have their hypertension controlled
(i.e. 65.5% of Chinese, 63.1% of Malay and 56.7% of Indian). In the multivariable analysis (Table 4), only
older age and being retired/unemployed remained as significant factors. Higher odds of uncontrolled
hypertension were associated with older age. Participants from older age groups, i.e. 50-59 years (AOR =
2.54, 95%Cl: 1.33-4.87) and =60 years (AOR = 3.98, 95%Cl: 2.01-7.91) were more likely to experience
uncontrolled hypertension when compared with participants aged <40 years. The majority of the retirees
and unemployed participants were older adults aged >60 years (53.0%). Compared with adults who were
working or studying full-time, participants who were retired or unemployed (AOR = 1.51, 95%Cl: 1.02-2.24)
were more likely to have uncontrolled hypertension.
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Table 3: Association of socio-demographic factors and unawareness among hypertensives (n=3,175), untreated among those who were aware of hypertension (n=1,618)

Socio-demographic

BMJ Open

Unawareness among hypertensives

Untreated among aware

factor COR (95% Cl) p-value AOR (95% CI) p-value COR (95% CI) p-value AOR (95% CI) p-value

Ethnicity

Chinese 1 [Ref] 0.001* 1 [Ref] 0.0046* 1 [Ref] 0.335% 1 [Ref] 0.520*

Malay 1.19 (1.01, 1.41) 0.037 1.11 (0.93, 1.32) 0.258 0.93 (0.70, 1.24) 0.630 0.87 (0.64, 1.20) 0.398

Indian 0.83 (0.70, 0.99) 0.037 0.80 (0.67, 0.96) 0.018 1.17 (0.89, 1.52) 0.257 1.05 (0.78, 1.42) 0.731
Age

<40 1 [Ref] <0.001* 1 [Ref] <0.001* | 1 [Ref] <0.001* 1 [Ref] <0.001*

40-49 089  (0.67, 1.16) 0.383 0.89 (0.67, 1.18) 0.403 037 (0.24, 0.57)  <0.001 0.39 (0.25, 0.61) <0.001

50-59 0.58 (0.44, 0.75) <0.001 0.58 (0.44, 0.77) <0.001 0.20 (0.13, 0.31) <0.001 0.22 (0.14, 0.34) <0.001

>=60 0.50 (0.39, 0.66) <0.001 0.53 (0.39, 0.72) <0.001 0.12 (0.08, 0.19) <0.001 0.13 (0.08, 0.21) <0.001
Gender

Female 1 [Ref] 1 [Ref] 1 [Ref] 1 [Ref]

Male 1.08 (0.94, 1.25) 0.259 1.15 (0.96, 1.37) 0.140 1.68 (1.34, 2.11) <0.001 1.51 (1.12, 2.04) 0.007
Highest education level

Primary or lower 1 [Ref] 0.007* 1 [Ref] 0.310* 1 [Ref] 0.007* 1 [Ref] 0.033*

Secondary 1.27 (1.09, 1.48) 0.002 1.13 (0.95, 1.33) 0.162 1.02 (0.80, 1.32) 0.849 0.69 (0.52, 0.91) 0.010

Tertiary or higher 1.21 (1.00, 1.48) 0.054 1.01 (0.80, 1.28) 0.937 1.59 (1.17, 2.15) 0.003 0.83 (0.56, 1.23) 0.362
Marital status

Currently married 1 [Ref] 1 [Ref] 1 [Ref] 1 [Ref]

Not currently married 1.02 (0.85, 1.21) 0.860 1.09 (0.91, 1.32) 0.356 0.88 (0.66, 1.17) 0.367 1.05 (0.76, 1.45) 0.781
Work status

Working/Studying full-time 1 [Ref] 0.002* 1 [Ref] 0.139* 1 [Ref] <0.001* 1 [Ref] 0.557*

Homemaker 0.91 (0.77, 1.07) 0.254 1.12 (0.91, 1.39) 0.275 0.47 (0.35, 0.62) <0.001 0.83 (0.58, 1.19) 0.316

Retired/Unemployed 0.70  (0.58, 0.86) 0.001 0.86 (0.69, 1.08) 0.203 049 (035, 0.68)  <0.001 0.88 (0.60, 1.30) 0.511
Monthly household income (SGD)*

<2,000 1 [Ref] 0.845* 1 [Ref] 0.837* 1 [Ref] 0.001* 1 [Ref] 0.147*

2,000-3,999 1.00 (0.82, 1.22) 0.996 0.91 (0.74, 1.12) 0.391 1.09 (0.80, 1.48) 0.600 0.87 (0.62, 1.22) 0.425

4,000-5,999 1.08 (0.85, 1.37) 0.530 0.97 (0.75, 1.25) 0.802 0.79 (0.54, 1.18) 0.249 0.62 (0.40, 0.96) 0.031

>=6,000 0.95 (0.74, 1.22) 0.680 0.86 (0.65, 1.14) 0.296 1.07 (0.73, 1.58) 0.732 0.76 (0.48, 1.21) 0.242

AOf all participants, 21.5% did not provide information on their averaged monthly household income. They have been categorized as ‘unknown income’ and included for analysis.

SGD referred to Singapore Dollar

Crude OR (COR) was derived from bivariate logistic regression model
Adjusted OR (AOR) was derived from multivariable logistic regression model mutually adjusted for all other socio-demographic factors

Bolded values are 2-sided p-values <0.05; Cl: Confidence interval; *overall p-value
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Table 4: Association of socio-demographic factors and uncontrolled hypertension among treated (n=1,211)

Socio-demographic
factor

Uncontrolled among treated

COR 95% CI p-value AOR 95% CI p-value

Ethnicity

Chinese 1 [Ref] 0.042* 1 [Ref] 0.174*

Malay 0.91 (0.69, 1.21) 0.526 0.99 (0.72, 1.35) 0.949

Indian 0.70 (0.53, 0.93) 0.013 0.76 (0.56, 1.04) 0.084
Age

<40 1 [Ref] <0.001* 1 [Ref] <0.001*

40-49 1.78 (0.93, 3.43) 0.084 1.61 (0.82, 3.15) 0.163

50-59 2.89 (1.54, 5.41) 0.001 2.54 (1.33, 4.87) 0.005

>=60 6.28 (3.32, 11.86) <0.001 3.98 (2.01, 7.91) <0.001
Gender

Female 1 [Ref] 1 [Ref]

Male 1.16 (0.91, 1.46) 0.231 1.35 (0.99, 1.85) 0.061
Highest education level

Primary or lower 1 [Ref] <0.001* 1 [Ref] 0.239*

Secondary 0.66 (0.51, 0.86) 0.002 0.81 (0.61, 1.08) 0.150

Tertiary or higher 0.54 (0.38, 0.75) <0.001 0.74 (0.49, 1.12) 0.153
Marital status

Currently married 1 [Ref] 1 [Ref]

Not currently married 1.12 (0.83, 1.50) 0.465 1.04 (0.75, 1.44) 0.811
Work status

l’i"n‘:;k'”g/ Studying full- 1 [Ref] <0.001* 1 [Ref] 0.068*

Homemaker 1.65 (1.26, 2.16) <0.001 1.34 (0.94, 1.89) 0.101

Retired/Unemployed 2.93 (2.08, 4.13) <0.001 1.51 (1.02, 2.24) 0.041
Monthly household income (SGD)

<2,000 1 [Ref] <0.001* 1 [Ref] 0.028*

2,000-3,999 0.86 (0.61, 1.20) 0.372 0.95 (0.66, 1.35) 0.762

4,000-5,999 0.77 (0.52, 1.14) 0.193 0.94 (0.61, 1.44) 0.767

>=6,000 0.65 (0.43, 0.99) 0.045 0.85 (0.53, 1.36) 0.506

AOf all participants, 21.5% did not provide information on their averaged monthly household income. They have been categorized as

‘unknown income’ and included for analysis;

SGD referred to Singapore Dollar

Crude OR (COR) was derived from bivariate logistic regression model
Adjusted OR (AOR) was derived from multivariable logistic regression model mutually adjusted for all other socio-demographic factors
Bolded values are 2-sided p-values <0.05; CI: Confidence interval; *overall p-value
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DISCUSSION

This large multi-ethnic Asian cohort study provides valuable insights into socio-demographic determinants
of hypertension within relatively homogeneous living environment and access to health care. We estimated
that approximately 1 in 3 participants had hypertension. The strength of the association between socio-
demographic factors and hypertension differed across ethnic groups. In addition to the established socio-
demographic risk factors (i.e. age and gender), our study adds new evidence about the importance of
ethnicity in relation to hypertension. Our stratified analysis suggested that the observed ethnic differences
in relation to hypertension was partly attributed to the variability in socio-demographic characteristics of
each ethnic group. Educational level rather than household income was an important socio-economic
indicator consistently associated with hypertension within all ethnic groups. Almost half of the
hypertensives in our study were unaware of having hypertension and 25% of those who were aware of
having hypertension remained untreated. Adults under 40 years of age were more likely to be undetected
and untreated than older individuals. Male participants were more likely to be untreated than females, and
participants with low educational level were more likely to be untreated when compared with those with
higher educational level. Among treated participants, more than half did not achieve optimal BP levels and
older age was strongly associated with worse BP control.

In agreement with similar studies conducted in other Asian countries'®?? and Singapore,’* 1> our study
further demonstrated that older age is a strong factor associated with hypertension. Ethnic differences in
relation to hypertension were observed in our study, consistent with the current literature which was
largely conducted in the Western countries.'® 22 2¢ While the association between Indian ethnicity and
hypertension ceased to be significant after the addition of socio-demographic factors, the association
between Malay ethnicity and hypertension was statistically significant. The ethnic differences observed in
our study were partly explained by the variability in socio-demographic profile within each ethnic group,
an interesting finding revealed from the stratified analysis. For instance, Malays and Indians had higher
odds ratio than Chinese for every increase in age group. Further, strong associations between gender and
hypertension was observed among Chinese and Indian, but not Malay. Higher educational level had been
found to be associated with lower prevalence of hypertension in earlier studies,? 26 and our finding
demonstrated that this association was consistent for all ethnic groups. No association between marital
status and hypertension was observed in our study. The association between retired/unemployed status
and hypertension was significant only among Chinese but not in other ethnic groups. In general, the
income-hypertension association was not significant in our study after accounting for age and educational
level.

Older participants were more likely to be aware of having hypertension because it is common among the
age groups and health policies may have offered screening opportunity to this subgroup. The literature
suggested that minority ethnic groups who were hypertensive were more likely to be aware of their
hypertension.® 22 However, our study observed that Malay ethnic who had greater odds of hypertension
did not seem to be sufficiently aware of their condition. Conversely, Indians were relatively more aware of
having hypertension compared to Chinese. The observed ethnic differences in hypertension awareness
may be attributable to variations in lifestyle and cultural factors, and perceived benefit of hypertension
prevention and control.?”-?°

Although older age was significantly related to hypertension, older participants in our study were more
likely to be aware of having hypertension and treated for the condition. But, younger age, male gender and
low educational level were significant determinants for untreated hypertension. Other study demonstrated
that the measures of education can better explain variation in hypertension and health inequalities.'? Low
educational attainment may directly or indirectly influence the treatment and control of hypertension
through lack of understanding about disease prevention, healthy lifestyle, perceived discrimination, among
others.?> Evidence suggested that education is a critical component of health and it is important to
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incorporate educational element in public health promotion and reducing health disparities.3°3! Older age
was significantly associated with uncontrolled hypertension in our study. This finding is consistent with the
current evidence3? 33 but also contrasts with other findings which suggested that older adults had better
control of BP.% 20 Lack of control of BP among older adults in our population could due to aging-related
physiological changes, comorbidity and variation in response to treatment among older adults.?* Social
factors such as living in social exclusion, limited peer support, and not having sufficient knowledge to cope
with their hypertension condition may also affect their BP control.?®

Strengths and limitations

This study has a number of strengths. First, it is based on a large population-based study of a multi-ethnic
Asian population living in an urban city state. Second, the study used standardized and comprehensive
methodologies to capture exposure and outcome data. Third, we had purposively over-sampled minority
ethnic groups and recruited a large number of study participants to cover a wider age range and diverse
socio-demographic profile. Fourth, the findings of this study were robust after adjustment for potential
socio-demographic confounders. However, we noted that the study has several important limitations. First,
because the study design is cross-sectional, we cannot infer causality and determine the risk of
hypertension. Further, this study adopted a convenience sampling methodology. Hence, the ethnic
differences observed in this study may not be representative of the general Singapore population . In
addition, we excluded individuals with established cardiovascular or cerebrovascular diseases, which are
known outcomes of hypertension, to avoid influences on hypertension medication intake and adherence.
Thus, the estimated prevalence of hypertension reported in this study would probably have under-
estimated the true population prevalence. Despite these limitations with regards to the generalizability of
our findings, this study provides important and novel real-life information related to awareness, treatment
and control of hypertension in a multi-ethnic Asian population residing in a relatively homogenous living
condition. Second, the classification of participants as being treated for hypertension was based on self-
reported intake of antihypertensive medication and a participant’s compliance to medication was not
determined. Third, participants were advised to fast for 8-12 hours before attending health examination.
However, assessment on participants’ exposures to caffeine and alcohol prior to BP measurements were
not carried out, hence this study was not able to rule out that some participants may have been exposed
to them. Fourth, BP of participants were measured on only one occasion during the health examination.
However, standard BP measurement protocols were used, and multiple BP measurements were taken to
minimize measurement error. Fifth, some participants did not provide information about average monthly
household income. To overcome this limitation, we had classified them as a separate category (i.e.
‘unknown income’ group) and included them for analyses. Unmeasured confounding cannot be adjusted
for in our study. Although the results are not generalizable to the Singapore population, our findings
contributed new insights to the study of hypertension in multi-ethnic urban Asian population. Future more
in-depth prospective studies may be useful to examine underlying mechanisms that contribute to
differential hypertension outcomes, and uncover the segments of population who may benefit from active
prevention and early treatment strategies.
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CONCLUSION

In this study, ethnic differences observed in hypertension were associated with socio-demographic
variability within ethnic groups. Age and educational level were consistent correlates of hypertension in all
ethnic groups. Unawareness and uncontrolled hypertension were common in this Asian population and
associated with socio-demographic factors. More targeted strategies may be required to overcome the
observed disparities.
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Table S-1: Characteristics of participants by ethnic group

BMJ Open

Chinese Malay Indian
Socio-demographic factors Normotensive  Hypertensive p-value Normotensive Hypertensive p-value | Normotensive Hypertensive p-value
n (%) n (%) n (%) n (%) h (%) h (%)

Age (years), mean (SD) 4222 (11.28) 5471  (11.42) <0.001 40.13 (11.10) 53.04 (10.93)  <0.001 | 41.17 (11.20) 53.77 (11.09) <0.001

Gender, n (%) <0.001 0.181 0.004
Female 1,921 (72.4) 734 (27.6) 1,031 (65.9) 533 (34.1) 1,161 (73.7) 415 (26.3)

Male 1,377 (63.7) 785 (36.3) 749 (68.4) 346 (31.6) 797 (68.6) 365 (31.4)

Blood pressure, mean (SD)

Systolic blood pressure 116.74  (11.97) 149.09 (16.80) <0.001 118.03 (12.02) 150.04 (17.33) <0.001 114.49 (12.91) 147.24  (18.70) <0.001
Diastolic blood pressure 70.40 (8.48) 84.40 (10.57) <0.001 69.78 (8.33) 83.32 (11.07) <0.001 69.14 (8.64) 82.18 (11.40) <0.001

Highest education level, n (%) <0.001 <0.001 <0.001
Primary or lower 499 (46.5) 573 (53.5) 419 (51.2) 400 (48.8) 511 (58.6) 361 (41.4)
Secondary 1,228  (68.6) 561 (31.4) 1,027 (71.8) 404 (28.2) 820 (72.8) 306 (27.2)

Tertiary or higher 1,569  (80.3) 385 (19.7) 332 (81.6) 75 (18.4) 626 (84.7) 113 (15.3)

Marital status, n (%) <0.001 0.001 0.832
Currently married 2,366  (65.6) 1,242 (34.4) 1,359 (65.3) 721 (34.7) 1,477 (71.4) 592 (28.6)

Not married/divorced/separated 930 (77.1) 277 (22.9) 420 (72.7) 158 (27.3) 479 (71.8) 188 (28.2)

Work status, n (%) <0.001 <0.001 <0.001
Working/Studying full-time 2,642 (74.2) 919 (25.8) 1,209 (74.3) 419 (25.7) 1,355 (76.0) 428 (24.0)
Homemaker 475 (59.7) 321 (40.3) 467 (58.1) 337 (41.9) 436 (65.7) 228 (34.3)
Retired/Unemployed 162 (37.4) 271 (62.6) 99 (45.6) 118 (54.4) 158 (56.4) 122 (43.6)

Monthly household income (SGD)”, n (%) <0.001 <0.001 <0.001
<2,000 379 (57.7) 278 (42.3) 543 (67.8) 258 (32.2) 555 (67.8) 264 (32.2)
2,000-3,999 713 (73.3) 260 (26.7) 563 (70.9) 231 (29.1) 603 (70.8) 249 (29.2)
4,000-5,999 554 (75.2) 183 (24.8) 317 (70.8) 131 (29.2) 382 (79.7) 97 (20.3)

26,000 707 (75.2) 233 (24.8) 162 (78.6) 44 (21.4) 244 (77.2) 72 (22.8)

AOf all participants, 21.5% did not provide information on their averaged monthly household income. They have been categorized as ‘unknown income’ and included for analysis;

n refers to number, SD refers to standard deviation

SGD refers to Singapore Dollars

For categorical variables, we reported the counts and percentages, and used the chi-square test to assess association between each categorical variable and hypertension status. For continuous variables, we reported the
mean and standard deviation and used the 2-sample independent t-test to assess association between the continuous variable and hypertension status.
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2

3

4 STROBE 2007 (v4) Statement—Checklist of items that should be included in reports of cross-sectional studies

5

6

7 Section/Topic ::em Recommendation Reported on page #
g Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 1
1(1) (b) Provide in the abstract an informative and balanced summary of what was done and what was found 3
12 Introduction

13 Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 5
1: Objectives 3 State specific objectives, including any prespecified hypotheses 5
16 Methods

17 Study design 4 Present key elements of study design early in the paper 6
12 Setting Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data

20 collection

21 Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants 6
22

23

24 Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if 6,7
25 applicable

26 Data sources/ 8* For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 6,7
;; measurement comparability of assessment methods if there is more than one group

29 Bias 9 Describe any efforts to address potential sources of bias 6,7
30 Study size 10 | Explain how the study size was arrived at 6
31 Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and 6,7
32 why

gi Statistical methods 12 | (a) Describe all statistical methods, including those used to control for confounding 8
35 (b) Describe any methods used to examine subgroups and interactions 8
g? (c) Explain how missing data were addressed 8
38 (d) If applicable, describe analytical methods taking account of sampling strategy NA
39 (e) Describe any sensitivity analyses NA
40 Results

41

42

43

44
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Participants 13* | (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, 9
confirmed eligible, included in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram

Descriptive data 14* | (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential 9,10 (Table 1)
confounders
(b) Indicate number of participants with missing data for each variable of interest 10 (Table 1)

Outcome data 15* | Report numbers of outcome events or summary measures 9-14

Main results 16 | (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence 10-11, 13-14
interval). Make clear which confounders were adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized 10-11, 13-14
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period NA

Other analyses 17 | Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 9

Discussion

Key results 18 | Summarise key results with reference to study objectives 15

Limitations 19 | Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and 16
magnitude of any potential bias

Interpretation 20 | Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from 15-16
similar studies, and other relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results 16

Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 19

which the present article is based

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE

checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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