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Abstract

Background: The prevalence of known hypertension has resulted from the progression of
undiagnosed hypertension. This study is targeted to examine and compare the risk factors based
on the estimated odds ratios of modifiable and non-modifiable risk factors on different outcome
levels of hypertension.

Methods: A nationwide representative secondary data from the Fourth National Health of
Morbidity Survey (NHMS IV) which consists of 24,632 non-institutionalised Malaysian population
conducted by the Ministry of Health in 2011 has been used. Odds ratio (OR) with 95% confidence
interval has been estimated using multinomial logistic regression.

Results: Obese and overweight respondents exhibit increased likelihood of having
undiagnosed and known hypertension. Physically inactive, ex-smokers and unclassified drinkers
are found having higher likelihood to have known hypertension. However, current drinkers
are found to have higher likelihood of having undiagnosed hypertension. Elderly, retirees,
home makers and lower educated respondents are shown higher odds to have undiagnosed
hypertension. Likewise, the likelihood of having known hypertension has been found to increase
among the elderly and other Bumiputra.

Conclusion: Through this research, significant predictors which consist of obese and
overweight respondents, current drinkers, older respondents (above 65 years old) and primary
educated respondents are having higher likelihood to have undiagnosed hypertension.
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Introduction

Hypertension has been identified as
the leading risk factor for death, claiming 1.5
million lives each year in Malaysia (1). The
number of individuals with hypertension in
developing countries is estimated to be 1.17
billion, which represents almost three-fourths
of the world’s hypertensive population (2).
Although Malaysia began its Healthy Lifestyle
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Campaign back in 1991, no decrease in the
prevalence of hypertension has been observed.
For example, about RM215.9 million was spent
on anti-hypertensive medicines alone in 2005
in Malaysia (3). Moreover, the prevalence of
undiagnosed hypertension was 19.8% (95% CI:
19.0, 20.7), which was higher than that of known
hypertension at 12.8% (95% CI: 12.2, 13.5)
among adults above 18 years old (4).

The early identification of undiagnosed
hypertension can help to prevent and reduce the

This work is licensed under the terms of the Creative Commons Attribution (CC BY)

(http://creativecommons.org/licenses/by/4.0/).



Original Article | Risk factors on undiagnosed and known hypertension

progression of this disease, which may lead to
serious complications including stroke and heart
disease (5). Furthermore, the early detection
of undiagnosed hypertension may prevent
the increase in known hypertension, which
may cause an alarming increase in the total
prevalence of hypertension status in the country.
Thus, investigating and estimating the odds
ratios (OR) of modifiable and non-modifiable
risk factors among individuals with undiagnosed
hypertension in Malaysia is important to
identify the potential predictors that can assist
the government in the early detection of the
prevalence of undiagnosed hypertension to
prevent the occurrence of hypertension in the
country.

Previous literature reviews show that the
estimation of the predictors of hypertension
outcomes is not only focused on the modifiable
risk factors but also on the sociodemographic
and socioeconomic factors (non-modifiable risk
factors). Therefore, this study fills the gap in
the literature by analysing and identifying the
predictors (modifiable risk factors) at different
levels of hypertension outcomes, that is, the one-
to-one relationship among these factors. This
work provides a detailed analysis to estimate the
predictors (risk factors) of hypertension based on
different hypertension outcomes, for example,
undiagnosed and known hypertension. The
objective of this study is to examine the odds of
modifiable and non-modifiable risk factors at the
different outcome levels of hypertension from
different cultural backgrounds to provide insight
for policy makers to develop the most cost-
effective strategies for the prevention and control
programmes of hypertension in Malaysia.

Methods

Data

This research used data from the Fourth
National Health and Morbidity Survey 2011
(NHMS 1V), which involved 24,632 eligible
respondents. Using SPSS 23, the multinomial
logit model was used to estimate the odds
ratio (95% CI). The NHMS IV is a population-
based study that included non-institutionalised
individuals residing in Malaysia for at least two
weeks prior to the data collection. Those who are
staying in hotels, hostels and hospitals, among
others, are excluded from this survey (4).

In the sampling frame of the NHMS IV,
which was provided by the Department of

Statistics Malaysia, Malaysia was divided into
enumeration blocks (EBs) with geographically
continuous areas. A total of 794 EBs were
selected from the total EBs in Malaysia, and 484
and 310 EBs were randomly selected from urban
and rural areas, respectively (4). Structured
questionnaires with face-to-face interviews and
the administered methods were used by the
Ministry of Health, Malaysia, to collect data. This
study was registered under the National Medical
Research Registry (NMRR-12-324-11225).

Variables

The outcome variable used in the present
study is hypertension, which is identified as the
dependent variable, and it has three outcome
categories: ‘no hypertension’, ‘undiagnosed
hypertension’, and ‘known hypertension’.
Undiagnosed hypertension is defined as not
known to have hypertension and as having an
average systolic blood pressure equal to or more
than 140 mmHg and/or diastolic blood pressure
equal to or more than 90 mmHg. Known
hypertension is defined as self-reported by the
subject and having previously been diagnosed
with hypertension by medical personnel. No
hypertension is defined as individuals with no
hypertension (4). In accordance with the NHMS
IV, the blood pressure check-up was performed
by nurses. The validated and calibrated Omron
Japan Model HM-907 was used for blood
pressure assessment.

All of the independent variables were
categorical. The modifiable risk factors included
physical activity (inactive and active), fruit
and vegetable consumption (inadequate and
adequate), drinking status (unclassified, current
drinker, ex-drinker and non-drinker), body mass
index (BMI) [overweight (BMI > 18.5 kg/m?),
obesity (BMI > 30.00 kg/m?) and underweight
(BMI < 18.5 kg/m?)] and smoking status (current
smoker, ex-smoker and non-smoker), as shown
in Table 1.

The independent variables, which were
the non-modifiable risk factors, comprised age
in years (above 65, 55—64, 45-54, 35-44, 25—
34, 15—24 and below 15), gender (female and
male), educational level (unclassified, no formal,
primary, secondary and tertiary), household
income in Malaysian ringgit (RM) (above
RM7,000, RM5,001—RM7,000, RM3,001—
RM5,000, RM1,501-RM3,000, RM0—-RM1,500),
marital status (widow/widower/divorced,
married and single), residential area (urban
and rural), race (others, other Bumiputra,
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Indian, Chinese and Malays) and occupation
(retired, homemaker, self-employed, private and
government/semi government).

Statistical Model

Multinomial logistic regression (MLR) is
used to model the different possible outcomes
(dependent variables) to predict the outcomes by
estimating the odds of the modifiable and non-
modifiable risk factors (polytomous variables) in
this study. One category of dependent variables
will be selected as the reference category when
using this multinomial logistic regression. The
reference category will be omitted when the odds
of an event occurring in the presence of a factor,
compared to the odds of an event occurring in
the absence of that factor are determined for
all independent variables for each category of
the dependent variables. This is to establish
multinomial logistic regression model by
developing the relationship with the predictor
variables for the purpose to estimate and assess
the prediction of independent variables on
the dependent variable. In multinomial logit
model, data over the individual are analysed,
the effects of the explanatory variables were
allowed to differ for each outcome (6, 7). One
of the advantages to apply multinomial logistic
regression is Multinomial Logistic Regression
(MLR) does not assume normality, linearity, or
The specification for Multinomial Logit Model
will be as follows:

When the outcomes of a response variable
are polytomous with k nominal categories 2, k >
2, let y be the dependent variable with k nominal
outcomes. The k categories are numbered 1
through k, but are not in ordered in any way. Let
Pr (y,=41x)) be the probability of observing
outcome j for individual i given X, the set of
explanatory variables. As a probability model,
the Multinomial Logit Model can be written as:

_ . Pry=j1X)
h’le/T(X)_ ln Pr(y=7"|X)

=XBj, for j=1liok

where r is the reference category, also
referred to as the comparison group. These k
equations can be solved to compute the predicted
probabilities:

exp(XB5)

> exp(XBiy) W

Pr(y=j|X)=

The overall fit of the model has been
assessed by using the Chi-square goodness-of-
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fit test estimation. Besides, the Multinomial
Logit Model has been checked for possible
multicollinearity by checking the variance
inflation factor (VIF). Next, the level of
significance of all tests is based on P-value of
less than 5% (two-sided). The statistical analyses
were done using the Statistical Package for Social
Science (SPSS, Inc., Chicago, IL; version, 23.00).

Results

Characteristics of Respondents

Table 2 shows the demographic differences
among the 24,632 eligible respondents. In total,
9,376 out of the 24,632 eligible respondents are
hypertensive, and 4,537 out of the 9,376 (48.4%)
hypertensive patients are found to be ‘known’
cases. By contrast, more 4,839 out of the 9,376
(51.6%) hypertensive patients are found to be
undiagnosed with hypertension.

Table 3 presents the demographic factors
of the sample consisting of gender, age, race,
educational level, occupation, household income,
residential area and marital status. In terms of
gender, 2,434 (9.9%) males and 2,405 (9.8%)
females suffer from undiagnosed hypertension.
Known hypertensive patients comprise 2,484
(10.1%) females and 2,053 (8.3%) males.
Majority of the secondary educated (7.5%)
individuals show the highest percentage of
having undiagnosed hypertension, and primary
educated individuals (8.1%) have the highest
percentage of being known hypertensive patients.

About 5.5% of the private sector employees
show a high percentage of being undiagnosed
hypertensive individuals, and homemakers
(4.8%) account for a high percentage of being
known hypertensive individuals. Low-income
earners (RMo—-RM1,500) show the highest
percentage of being undiagnosed (7.2%) and
known hypertensive (6.8%) individuals. Both
urban (10.6%) and rural (10.1%) dwellers
exhibit a high percentage of being undiagnosed
and known hypertensive individuals. Overall,
11.7% of Malays are identified as undiagnosed
hypertensive patients, and 10.9% of them are
known hypertensive individuals. Married couples
show a high percentage of being undiagnosed
(11.8%) and known hypertensive individuals
(8.9%). The respondents aged 45—54 years have
the highest percentage of being undiagnosed
hypertensive, and those aged 0—15 years have the
highest percentage of being known hypertensive
individuals.
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Table 1. Categorical variable coding for modifiable risk factors

Definition

Modifiable Risk Factor(s) Variable Coding(s)
Physical activity 1=Inactive

2=Active (Reference)
Drinking status o=Unclassified

(define and analysis based on

r ndent's answer .
espondent's answer) 1=Current drinker

2=Ex-drinker

3=Non-drinker (Reference)

Smoking status o=Current smoker

1=Ex-smoker

2=Non-smoker (Reference)

Fruit and vegetables
consumption (based on

1=Inadequate

STEPS WHO criteria) o=Adequate (Reference)
Body Mass Index (BMI) status 0=Obese
(WHO1998)

1=Overweight
2=Underweight

3=Normal weight
(Reference)

There is no activity is reported or some activity
is reported but not enough to meet moderate or
high categories

If his/ her combination of vigorous-intensity,
moderate-intensity and walking activities
achieved a minimum of 600 MET-minutes per
week

Declared as current drinker in question Bg100
but did not answered module L

Respondent who is still consuming alcoholic
beverages for the past 12 months

The respondent was previously a drinker
The respondent is a non-drinker

The respondent is a current smoker

The respondent was previously a smoker
The respondent is a non-smoker

< 5 servings per day

> 5 servings per day

> 30.0 kg/m2

25.0—29.99 kg/m2

<18.5 kg/m2

18.5—24.99 kg/m2

Table 2. Frequency of hypertension (HP)

Hypertension Frequency
No HP 15,256
Newly HP 4,839
Known HP 4,537
Total 24,632

Percent
61.9
19.6
18.4

100.0

www.mjms.usm.my
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Table 3. Demographic and socioeconomic characteristics of respondents with different hypertension
outcome levels

No Undiagnosed Known
Variable(s) Level(s) hypertension = hypertension  hypertension
Frequency (%) Frequency (%) Frequency (%)
Gender Male 7,317 (29.7) 2,434 (9.9) 2,053 (8.3)
Female 7,939 (32.2) 2,405 (9.8) 2,484 (10.1)
Education level Unclassified 1,026 (4.2) 227 (0.9) 408 (1.7)
No formal education 622 (2.5) 443 (1.8) 494 (2.0)
Primary education 4,274 (17.4) 1,781 (7.2) 2,000 (8.1)
Secondary education 6,328 (25.7) 1,838 (7.5) 1,318 (5.4)
Tertiary education 3,006 (12.2) 550 (2.2) 317 (1.3)
Occupation Retire 1,588 (6.4) 790 (3.2) 992 (4.0)
Home maker 2,063 (12.0) 1,039 (4.2) 1,178 (4.8)
Self employed 3,058 (12.4) 1,143 (4.6) 909 (3.7)
Private 5,574 (22.6) 1,348 (5.5) 936 (3.8)
Government/Semi-government 2,073 (8.4) 519 (2.1) 522 (2.1)
Household Above RM7,000 1,775 (7.2) 406 (1.6) 442 (1.8)
income RM5,001-RM7,000 1,458 (5.9) 370 (1.5) 386 (1.6)
RM3,001-RM5,000 3,239 (13.1) 935 (3-8) 838(3.4)
RM1,501-RM3,000 4,157 (16.9) 1,355 (5.5) 1,195 (4.9)
RMo—-RM1,500 4,627 (18.8) 1,773 (7.2) 1,676 (6.8)
Residential Urban 9,076 (36.8) 2,612 (10.6) 2,492 (10.1)
area Rural 6,180 (25.1) 2,227 (9.0) 2,045 (8.3)
Race Others 951(3.9) 239 (1.0) 144 (0.6)
Other Bumiputra 1,463 (5.9) 515 (2.1) 463 (1.9)
Indian 1,188 (4.8) 353 (1.4) 365 (1.5)
Chinese 2,734 (11.1) 861(3.5) 891 (3.6)
Malays 8,920 (36.2) 2,871 (11.7) 2,674 (10.9)
Marital status Widow/widower or Divorced 519 (2.1) 446 (1.8) 505 (2.1)
Married 7,443 (30.2) 2,915 (11.8) 2,179 (8.9)
Single 7,281 (29.6) 1,475 (6.0) 1,842 (7.5)
Age > 65 years old 474 (1.9) 573 (2.3) 720 (2.9)
55-64 years old 866 (3.5) 767 (3.1) 827 (3.4)
45—54 years old 1,802 (7.3) 943 (3.8) 737 (3.0)
35—44 years old 2,465 (10.0) 829 (3.4) 348 (1.4)
25-34 years old 3,279 (13.3) 551 (2.2) 156 (0.6)
15-24 years old 3,571 (14.5) 469 (1.9) 517 (2.1)
< 15 years old 2,799 (11.4) 707 (2.9) 1,232 (5.0)
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Table 4. Parameter estimates for multinomial logistic regressions on hypertension

95% Confidence
. . B Std. Exp (B) Interval for Exp (B)
Hypertension Predictor(s) Coeffici E Odds
oefficient rror Ratio Lower Upper
bound bound
Intercept 2.007 0.126 < 0.001 < 0.001 < 0.001
Age
> 65 years old 2.017 0.114 7.518 < 0.001 < 0.001 < 0.001
55—64 years old 1.661 0.098 5.264 < 0.001 < 0.001 < 0.001
45—54 years old 1.165 0.095 3.205 < 0.001 < 0.001 < 0.001
35—44 years old 0.754 0.096 2.125 0.368 0.368 0.368
25-34 years old 0.081 0.090 1.085 < 0.001 < 0.001 < 0.001
15—24 years old 0.363 0.078 0.695 - - -
below 15 yrs old (R) ob - -
Marital status
Widow/widower or 0.074 0.101 0.928 0.463 0.463 0.463
divorced
Married 0.262 0.068 0.770 < 0.001 < 0.001 < 0.001
Single (R) ob - - - - -
Gender
Female 0.165 0.039 0.848 < 0.001 < 0.001 < 0.001
Male (R) ob - — - — _
Physical activity
Inactive 0.149 0.038 0.862 < 0.001 < 0.001 < 0.001
Active (R) ob - - - - -
Undiagnosed Residential area
Hypertension Urban 0.079 0.037 0.924 0.034 0.034 0.034
Rural (R) ob - - - - -
Race
Others 0.055 0.082 0.946 0.806 1.111 0.499
Other Bumiputra 0.101 0.061 1.106 0.981 1.247 0.099
Indian 0.191 0.070 0.826 0.721 0.946 0.006
Chinese 0.194 0.052 0.824 0.743 0.912 < 0.001
Malays (R) oP - - - - -
Occupation
Retire 0.085 0.078 1.089 0.935 1.268 0.273
Home maker 0.131 0.068 1.139 0.997 1.302 0.055
Self-employed 0.073 0.066 1.076 0.946 1.224 0.267
Private 0.055 0.063 1.057 0.935 1.195 0.375
Gov/Semi-Gov (R) ob - - - - -
Household income
Above RM7,000 0.216 0.068 0.806 0.705 0.922 0.002
RM5,001—-RM7,000 0.138 0.070 0.871 0.760 0.998 0.047
RM3,001—RM5,000 0.064 0.051 0.938 0.849 1.036 0.207
RM1,501-RM3,000 0.000 0.045 1 0.916 1.093 0.996
RMo-RM1,500 (R) o’ - - - _ _

(continued on next page)
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Table 4. (continued)

95% Confidence
B . Exp (B) Interval for Exp (B)

Odds P-value
Ratio Lower Upper
bound bound

Hypertension Predictor(s) Coefficient

Household income

Above RM7,000 0.216 0.068 0.806 0.705 0.922 0.002
RM5,001-RM7,000 0.138 0.070 0.871 0.760 0.998 0.047
RM3,001—RM5,000 0.064 0.051 0.938 0.849 1.036 0.207
RM1,501-RM3,000 0.000 0.045 1 0.916 1.003 0.996
RMo—-RM1,500 (R) ob - — _ _ _
Fruit & vege
consumption
Inadequate 0.019 0.068 1.020 0.893 1.164 0.773
Adequate (R) oP - - - _ _
Drinking status
Unclassified 0.267 0.205 1.307 0.875 1.952 0.191
Current drinker 0.203 0.067 1.225 1.074 1.398 0.003
Ex-drinker 0.069 0.085 0.933 0.789 1.103 0.417
. Non-drinker (R) ob - - - - -

Undiagnosed

Hypertension Smoking status
Current smoker 0.026 0.047 0.974 0.889 1.068 0.578
Ex-smoker 0.145 0.085 1.156 0.978 1.366 0.089
Non-smoker (R) ob - - - - -
Education level
Unclassified 0.190 0.103 1.209 0.988 1.479 0.065
No formal 0.355 0.095 1.426 1.183 1.718 < 0.001
Primary 0.389 0.069 1.475 1.289 1.688 < 0.001
Secondary 0.270 0.059 1.310 1.167 1.469 < 0.001
Tertiary (R) ob - - - - -
Body Mass Index
Obese 0.841 0.048 2.318 2.112 2.545 < 0.001
Overweight 0.496 0.042 1.642 1.513 1.783 < 0.001
Underweight 0.106 0.076 0.899 0.775 1.043 0.161
Normal weight (R) o - - - - -

(continued on next page)
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Table 4. (continued)
95% Confidence
B Exp (B) Interval for Exp (B)
Hypertension Predictor(s) fhici 1 Odds P-value
Coefficient Ratio Lower Upper
bound bound
Intercept -1.883 0.135 < 0.001
Age
> 65 years old 1.690 0.123 5.418 4.255 6.898 < 0.001
55—64 years old 1.229 0.109 3.417 2.759 4.231 < 0.001
45—-54 years old 0.406 0.108 1.501 1.214 1.856 < 0.001
35—44 years old -0.583 0.115 0.558 0.445 0.699 < 0.001
25—-34 years old -1.625 0.119 0.197 0.156 0.249 < 0.001
15—24 years old —0.702 0.074 0.496 0.429 0.573 < 0.001
below 15 yrs (R) ob - - - - -
Marital status
Widow/widower —0.030 0.116 0.970 0.772 1.219 0.794
or divorced
Married -0.205 0.088 0.815 0.686 0.968 0.020
Single (R) ob - - - - -
Gender
Female —0.004 0.041 0.996 0.919 1.078 0.914
Male (R) ob - - - - -
Physical activity
Inactive 0.143 0.038 1.154 1.070 1.244 < 0.001
Active (R) o - - - - -
Known . Residential area
Hypertension Urban 0.064 0.039 0.938 0.869 1.014 0.106
Rural (R) ob — — — - -
Race
Others 0.161 0.100 0.851 0.700 1.036 0.108
Other Bumiputra 0.160 0.065 1.174 1.034 1.333 0.013
Indian 0.007 0.071 1.007 0.877 1.157 0.918
Chinese 0.030 0.053 0.970 0.875 1.075 0.562
Malays (R) o - - - - -
Occupation
Retire 0.187 0.075 0.829 0.716 0.960 0.012
Home maker 0.043 0.068 1.044 0.914 1.193 0.524
Self-employed 0.209 0.069 0.811 0.708 0.929 0.003
Private 0.241 0.067 0.786 0.690 0.896 < 0.001
Gov/Semi gov (R) oP - - - - -
Household income
Above RM7,000 0.055 0.069 1.056 0.923 1.210 0.427
RM5,001-RM7,000 0.089 0.071 1.093 0.951 1.257 0.210
RM3,001—-RM5,000 0.014 0.054 1.014 0.913 1.127 0.793
RM1,501-RM3,000 0.022 0.048 1.022 0.931 1.123 0.642
RMo-RM1,500 (R) ob - — _ _ _

(continued on next page)
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Table 4. (continued)

B

Predictor(s) Coefficient

Hypertension

95% Confidence
Interval for Exp (B)

Exp (B)
Odds

Ratio Lower

bound

Upper
bound

Fruit & vegetables
consumption
Inadequate 0.127
Adequate (R) oP
Drinking status
Unclassified 0.863
Current drinker 0.179
Ex-drinker 0.088
Non-drinker (R) ob
Smoking status
Current smoker 0.202
Ex-smoker 0.199

Known

Hypertension Non-smoker (R) oP
Education level
Unclassified 0.580
No formal 0.580
Primary 0.587
Secondary 0.461
Tertiary (R) o
Body Mass Index
Obese 0.959
Overweight 0.614
Underweight 0.006
Normal weight (R) o

0.075 1.136 0.980 1.316 0.091
0.164 2.370 1.717 3.271 < 0.001
0.082 0.836 0.712 0.981 0.029
0.089 1.092 0.917 1.299 0.325
0.046 0.817 0.746 0.895 < 0.001
0.089 1.220 1.025 1.452 0.025
0.102 1.785 1.785 2.181 < 0.001
0.105 1.786 1.786 2.195 < 0.001
0.081 1.798 1.798 2.108 < 0.001
0.073 1.586 1.586 1.829 < 0.001
0.050 2.608 2.364 2.877 < 0.001
0.046 1.847 1.690 2.020 < 0.001
0.078 0.994 0.853 1.159 0.942

Diagnostic Tests for the Multinomial
Logistic Model

Two tests of the null hypothesis show that
the model adequately fits the data. The Pearson
value is 0.303, which is smaller than 0.5 (50%),
and the deviance value is 1.000, which is also
smaller than 0.5 (50%). The Pearson value of
0.303 indicates that the data are not consistent
with the model assumptions. The checking of
multicollinearity reveals that no collinearity
exists among the independent variables as the
variance inflation factor is less than 10. In the
cases used to create the model, 14,408 of the
21,422 people who are healthy (no hypertension)
are classified correctly; 335 of the 4,834 who
suffered from undiagnosed hypertension are
classified correctly; and 1,025 of the 4,523 who
suffered from known hypertension are classified
correctly. Overall, 64.1% of the cases are
classified correctly.
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Results for the Modifiable Risk Factors in
Undiagnosed and Known Hypertension

The results from the estimated multinomial
logistic regression are presented in Table 4.
The first portion of the regression compares
the respondents who have undiagnosed
hypertension with those who have no
hypertension. The second part of the regression
compares those who have known hypertension
with those who have no hypertension. The results
show that physical activity significantly (P <
0.001) affects the chances of being diagnosed
with undiagnosed hypertension due to physical
inactivity. The physically inactive respondents
are 0.862 times more likely to suffer from
undiagnosed hypertension than the physically
active respondents. Not all drinking status
affects the chances of having undiagnosed
hypertension. Only current drinkers significantly
(P = 0.003) show higher odds (OR = 1.225) of
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having undiagnosed hypertension than non-
drinkers. BMI is a significant (P < 0.001) variable
affecting the probability of having undiagnosed
hypertension. The odds of having undiagnosed
hypertension for obese and overweight
respondents are 2.112 and 1.513, respectively, in
comparison with normal-weight respondents.

In the second part of the regression, the
odds of having known hypertension is 1.154
times higher (with P < 0.001) in those who are
physically inactive than in the reference category
of physically active respondents. The unclassified
drinkers have a significantly (P < 0.001) higher
likelihood of having known hypertension (OR
= 2.370; 95% CI: 1.717, 3.271) than the non-
drinkers. However, current drinkers have the
odds of known hypertension that are significantly
(P = 0.029) less than 1 (OR = 0.836), indicating
that the current drinkers are less likely to
have known hypertension. Smoking status is
positively related to the likelihood of having
known hypertension. The results show that ex-
smokers have a higher likelihood (OR = 1.220)
of suffering from known hypertension than
non-smokers. Conversely, current smokers have
significantly (P < 0.001) decreased odds (OR =
0.817) of having known hypertension. The odds
of having known hypertension among those who
are obese and overweight are 2.608 and 1.847,
respectively, in comparison with the normal-
weight respondents.

Results for the Non-Modifiable Risk
Factors in Undiagnosed and Known
Hypertension

The results also indicate that the females
have a considerably (P < 0.001) lesser likelihood
(OR = 0.848; 95% CI: 0.785, 0.916) of having
undiagnosed hypertension than the males.
In the case of race, the odds ratio for Chinese
and Indians are less than 1 (0.824 and 0.826
respectively), suggesting that the Chinese
and Indian respondents are less likely to have
undiagnosed hypertension than Malays. Age also
significantly (P < 0.001) affects the likelihood
of having undiagnosed hypertension among
the respondents. The OR in favour of having
undiagnosed hypertension for the respondents
aged over 65, 55-64, 45—54 and 35—44 years
are 7.518, 5.264, 3.205 and 2.125, respectively,
as compared to the respondents aged below 15
years. The respondents aged 15—24 years have
an OR of having undiagnosed hypertension
of significantly (P < 0.001) less than 1 (OR =
0.695), suggesting that those who are at a lower

age group are less likely to be diagnosed with
undiagnosed hypertension.

Educational level is a significant (P
< 0.001) variable affecting the chances of
having undiagnosed hypertension. The OR
for the respondents with no formal education,
primary education and secondary education
are greater than 1 (1.426, 1.475 and 1.310,
respectively), indicating that those with
less education are also more likely to suffer
from undiagnosed hypertension. The OR of
undiagnosed hypertension is significantly (P <
0.001) lower among the urban residents (OR
= 0.924; 95% CI: 0.859, 0.994) than among
rural dwellers. Household income significantly
(P = 0.002, P = 0.047) affects the likelihood
of having undiagnosed hypertension among
the respondents. The OR for the respondents
with a household income above RM7,000 and
RM5,001—RM7,000 are less than 1 (0.806 and
0.871 respectively), suggesting that those with a
higher income level are less likely to suffer from
undiagnosed hypertension. Married couples have
significantly (P < 0.001) decreased odds (OR =
0.770; 95% CIL: 0.674, 0.879) of undiagnosed
hypertension compared with the single
respondents. All smoking statuses, inadequate
fruit and vegetable consumption, ex-drinkers,
unclassified drinkers, underweight respondents,
other ethnic respondents, unclassified education,
all types of occupation and widow/widower are
not associated with any likelihood of having
undiagnosed hypertension among individuals in
Malaysia.

This study shows that only other
Bumiputras have a considerably (P = 0.013)
higher probability (OR = 1.174; 95% CI: 1.034,
1.333) of having known hypertension than
Malays. The odds ratio of suffering from known
hypertension is 5.418, 3.417 and 1.501 times
greater (with P < 0.001) among those over 65,
55—64 and 45—54 years of age, respectively, than
the reference age category of below 15 years old.
The respondents who are 35—-44, 25—-34 and 15—
24 years old have an odds ratio of being known
hypertensive of significantly (P < 0.001) less
than 1 at 0.558, 0.197 and 0.496, respectively,
suggesting that the younger age groups are less
likely to be known hypertensive. Additionally,
educational level has been found to significantly
(P < 0.001) affect the likelihood of having known
hypertension among individuals. For example,
the respondents who have unclassified education
or no formal education, primary education or
secondary education are respectively 1.785,
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1.786, 1.798 and 1.586 times likely to suffer
from known hypertension than the respondents
who have completed their tertiary education.
Occupation is found to be a significant variable
affecting the likelihood of having known
hypertension. The odds ratio for respondents
who are retirees, self-employed and private
workers are less than 1 (0.829, 0.811 and 0.786,
respectively), suggesting that private workers are
less likely to suffer from known hypertension.
Married couples are found to have a significantly
(P = 0.020) lower likelihood of being known
hypertensive (OR = 0.815) than singles. Fruit
and vegetable consumption, residential area,
household income and gender do not have a
significant difference in the likelihood of having
known hypertension among the respondents.

Discussion

Modifiable Risk Factors Affecting the
Odds of Getting Undiagnosed and Known
Hypertension

With regard to physical activity, this study
shows that the physically inactive respondents
are less likely to have undiagnosed hypertension.
This result is inconsistent with that in the study
of Zhang et al. (9), which revealed that physical
inactivity was significantly associated with the
increased odds of undiagnosed hypertension
among urban Chinese adults. This contradiction
may be due to the fact that the research was
conducted with a distinct background in different
countries. Other factors, for example, excess
alcohol consumption, may have contributed to
the higher odds of undiagnosed hypertension.

The present study shows that only current
drinkers have significantly higher odds of
having undiagnosed hypertension, consistent
with the finding of Zhang et al. (9) that alcohol
drinking was significantly associated with the
increased odds of undiagnosed hypertension
in China. Therefore, the government should
conduct a health awareness campaign among
current drinkers to monitor the prevalence of
undiagnosed hypertension. Another finding
of this study indicates a significant difference
between the obese and overweight respondents
and the likelihood of having undiagnosed
hypertension. This result lends support to
the work of Bushara et al. (5), who found that
increased weight led to the increased prevalence
of undiagnosed hypertension and that obese
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respondents had highest prevalence (46.5%) of
undiagnosed hypertension.

Moreover, this study is consistent with that
of Olack et al. (10), who found that individuals
with a moderate level of physical activity
had higher odds of suffering from known
hypertension in Kenya. Therefore, government
interventions on active lifestyle should be
emphasised in the public and private sectors
by promoting more sports activities among
Malaysians. The findings of this study show that
the current and unclassified drinkers are more
likely to be diagnosed as known hypertensive.
This result is inconsistent with that of Ibekwe
(11), who reported a significant association
between drinking (P < 0.001) and hypertension:
the respondents who were hypertensive and
consumed alcohol accounted for 33.1% (39/118),
and those who did not consume alcohol were
66.9% (79/118). Moreover, frequent alcohol
consumption was found to increase the
probability of having hypertension in China (9).

Smoking is found to be significantly
associated with the likelihood of having known
hypertension in this study. Ex-smokers have
significantly higher odds of having known
hypertension than non-smokers, consistent with
the previous research that found regular and
long cigarette smoking to be associated with
hypertension (10, 11). Kannan and Satyamoorthy
(15) found that the prevalence of hypertension
was higher (33.3%) among those who were in
the habit of chewing tobacco for more than
five years than the prevalence of hypertension
(31.6%) of those who had this habit for less than
five years. By contrast, the present study shows
that current smokers exhibit a lower likelihood
of having known hypertension. Therefore,
promoting awareness through campaigns to stop
smoking is important to prevent the likelihood
of being diagnosed with known hypertension,
as smoking-related diseases such as cancer and
cardiovascular disease are the main causes of
premature death globally (13).

This study shows that obese respondents
have significantly higher odds of suffering
from known hypertension than normal-weight
respondents. This finding agrees with those of
Forman et al. (17) and Rampal et al. (18), who
reported that overweight and obesity, high
sodium intake, physical inactivity, heavy alcohol
intake, low potassium intake and a Western-
style diet are the major modifiable risk factors for
hypertension. Obesity was identified as a well-
established risk factor for cardiovascular diseases
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in the general population by Rampal et al. (18).
Flack et al. (19) reported that obesity is linked
to increased blood pressure, salt sensitivity,
glucose  intolerance and  dyslipidaemia.
Overweight and obese participants were found
to be approximately 2.0 times more likely to
be hypertensive than their counterparts with
a normal BMI (17). In one study, the risks for
hypertension in subjects with a BMI above 27
kg/m? greatly increased, and these particular
subjects had a two-fold higher relative risk than
those with a BMI of less than 18.5 kg/m? (18).
Therefore, educational programmes to instil
awareness of maintaining a healthy weight
based on the BMI guidelines from the Ministry
of Health are important to prevent and monitor
the occurrence of known hypertension among
Malaysians.

Non-Modifiable Risk Factors Affecting the
Odds of Getting Undiagnosed and Known
Hypertension

The female respondents have a statistically
significant lower likelihood of being undiagnosed
hypertensive. This result is inconsistent with that
of Cuschieri et al. (22), who found that females
have a prevalence of undiagnosed hypertension
of 39.3%, which is slightly higher than that
of males at 36.7%). However, among Chinese
urban adults, the male respondents were found
to have increased odds of having undiagnosed
hypertension (6). Similarly, Maltee males tended
to be more likely (64.01%; 95% CI 95%: 58.56,
69.13) to have undiagnosed hypertension as
reported by Cuschieri et al. (22). The results of
the current study show that both Indians and
Chinese have low odds of being diagnosed with
undiagnosed hypertension.

In terms of age, this study demonstrates
that the higher age groups have significantly
higher odds of having undiagnosed hypertension.
This result is consistent with that of Bushara
et al. (5), who found the highest prevalence in
the participants above 65 years and therefore
a significant association between undiagnosed
hypertension and increasing age (P < 0.05). The
result is also in agreement with that of Zhang
et al. (9), who found older age to be associated
with higher odds of undiagnosed hypertension
in China. In terms of education, the current
study shows that the respondents with a lower
educational level have significantly higher odds
of having undiagnosed hypertension. This result
is consistent with that of El Fadil et al. (23),
who reported that lower educational status and

illiteracy led to a higher prevalence (34.9%) of
undiagnosed hypertension.

This study also reveals that the likelihood
of having undiagnosed hypertension decreases
among the urban residents (OR = 0.924) in
comparison with the other rural dwellers.
Consequently, the rural respondents are
shown to be more likely to have undiagnosed
hypertension. This finding is inconsistent with
that of Hou (12), who found the undiagnosed
hypertension rate to be significantly higher in
the countryside than in the city. The probable
reason for this result could be that the rural
population was older, which led to the higher
likelihood of having undiagnosed hypertension
as reported by Cheah et al. (24). Interventions
targeting rural adults should promote awareness
of hypertension among Malaysians.

The findings demonstrate that the higher
income group has significantly lower odds
of having undiagnosed hypertension. This
outcome lends support to the study of Zhang et
al. (9), which also reported that higher income
earners have lower odds of having undiagnosed
hypertension. Higher income earners are
suggested to have better access to medical
facilities, for example, health screening to
monitor blood pressure, and can thus prevent the
likelihood of having undiagnosed hypertension.

The married couples tend to have
statistically significant lower odds of having
undiagnosed hypertension than the single
respondents. This outcome is consistent with
that of Mosca and Kenny (25), who found
that married adults were less likely to have
high blood pressure objectively in the United
States but not in Ireland. In a previous study,
married individuals were found to have
potentially greater financial resources available
for health care and for promoting a healthier
lifestyle (23). Occupation does not show any
significant difference in the likelihood of having
undiagnosed hypertension among Malaysians.

Socio-demographic  factors play an
important role as determinants of the
daily activities of individuals. The findings
demonstrate that age, educational level, marital
status, gender, residential area, race, household
income and occupation are statistically
significant in regulating individuals’ chances
of having various hypertensive outcome levels.
This study shows that gender is not significantly
associated with the likelihood of having known
hypertension among Malaysians, inconsistent
with the findings of Azimi-Nezhad (27). The
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results of this study are comparable with those
of a previous study indicating no significant
difference in gender in the likelihood of having
known hypertension (25). Other factors or
predictors may contribute to the likelihood of
having known hypertension among individuals.

This study shows that only other
Bumiputras have significantly higher odds of
having known hypertension and this finding
is by supported by Omar et al’s (29) study,
which reported that other Bumiputras were
1.55 times more likely to have hypertension
than Malays. This disparity may be due to the
differences in genetic or socio-environmental
factors. Moreover, the findings of this study
are consistent with those reported by Cheah
et al. (24), El Fadil et al. (23) and Gao et al.
(30), who revealed that a higher age group is
more likely to suffer from known hypertension.
Gao et al. (30) reported that the prevalence of
hypertension increases in relation to a higher
age group at 13.0%, 36.7% and 56.5% among the
respondents aged 20—44 years (young people),
45—64 years (middle-aged people) and equal
to or greater than 65 years (elderly people),
respectively (27). The findings of this study
also closely follow those of Bushara et al. (5),
who identified a lower educational level to be
more likely to increase the risk of having known
hypertension. However, this study does not show
any significant difference in residential area,
household income level and the likelihood of
being known hypertensive patients. The results
reveal that retirees, self-employed and private
sector respondents are less likely to have known
hypertension, consistent with the finding of Hou
(12), who found retirees to have a statistically
significant lower likelihood of suffering from
known hypertension as retirement seemed to
be beneficial for lowering blood pressure in the
Chinese context.

Mosca and Kenny (25) found that married
adults were less likely to have high blood
pressure. This result supports the finding of
this research, which shows that married couples
have statistically significant lower odds of having
known hypertension than the single respondents.
The probable reason for this outcome may be
that married couples bear greater responsibility
in taking care of their families and are thus
more aware in terms of monitoring their blood
pressure and health status through health
screening programmes. Therefore, this study
provides valuable information to relevant
authorities and helps in the implementation of
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government intervention programmes to focus
on and control the prevalence of undiagnosed
and known hypertension among singles and the
older age group.

Conclusion

The present study finds that among
the modifiable risk factors, the significant
predictors of obese and overweight individuals
and current drinkers have higher odds of being
undiagnosed hypertension patients. Physically
inactive respondents exhibit lower odds of being
undiagnosed hypertension patients. Moreover,
older respondents (above 65 years old) and
respondents with primary education are shown
to have higher odds of having undiagnosed
hypertension. Female respondents, the youngest
age group (15—24 years old), urban dwellers,
Chinese and Indian, high income earners and
retirees are found to have statistically significant
lower odds of having undiagnosed hypertension.

Among the modifiable risk factors, the
significant predictors (i.e., the respondents who
are obese and overweight, physically inactive,
unclassified drinkers, ex-smokers) increase
their chances of having known hypertension.
Current smokers show lower odds of being
known hypertension patients. Other significant
predictors such as older respondents (above
65 years old), other Bumiputras and primary
educated respondents show higher odds of
having known hypertension. Conversely, retirees,
self-employed, private employees and married
couples have significantly lower odds of being
diagnosed with known hypertension.

This study has some limitations. Firstly,
using secondary data is challenging because
identifying the details, especially the definition of
the variables of the secondary data, is necessary.
Secondly, this study is limited by its cross-
sectional nature, which did not allow us to make
any conclusive statement about the temporality
of the observed associations.
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