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Abstract

Background: Malaysia has experienced an
epidemiological transition, with a decrease in deaths due
to communicable diseases and a marked increase in the
rate of non-communicable diseases, particularly
cardiovascular diseases (CVDs). This study determined the
changes proportional to CVD risk and its association with
body mass index (BMI) among Malaysians.

Study design: Comparative nationwide cross-sectional
study.

Methods: Data from three National Health and Morbidity
Survey (NHMS 2006, NHMS 2011, and NHMS 2015) were
obtained and reanalysed. CVD risk was determined on the
basis of the World Health Organisation/International
Society of Hypertension risk prediction chart, which
classifies individuals aged 40-79 years into five levels of
10-year CVD risk (Risk 1: <10%, Risk 2: 10% to <20%, Risk
3: 20% to <30%, Risk 4: 30% to <40%, and Risk 5: ≥ 40%).

Results: CVD Risk 1 decreased among men aged 40-49
years but increased in the other age groups. Among
women, CVD Risk 1 increased in the age group of 70-79
years, but decreased in the other age groups. CVD risk
was significantly associated with BMI in the younger age
groups (40-49 and 50-59 years among men; 40-49, 50-59,
and 60-69 years among women). The highest proportion
of CVD Risk 5 was observed among preobese men (19.0%)
and obese women (21.7%) in the oldest age group.

Conclusion: The increasing CVD risk in younger age groups
is a major concern. Therefore, interventions focusing on
patients with high CVD risk and overweight are
warranted.

Keywords: Cardiovascular disease; CVD risk prediction
chart; Body mass index; National health and morbidity
survey

Introduction
Currently, cardiovascular disease (CVD) is the leading cause

of death worldwide. The total number of deaths caused by
CVDs increased globally from 14.4 million in 1990 to 17.5
million in 2012 [1]. In 2012, deaths due to CVDs accounted for
31% of the deaths worldwide; CVD was the single largest
contributor to global mortality and is expected to continue to
dominate mortality trends in the future [1,2]. Among 16
million deaths among individuals younger than 70 years
caused by non-communicable diseases (NCDs), 82% were in
low- and middle-income countries, and 37% were caused by
CVDs [1].

Malaysia has experienced an epidemiological transition,
with a decrease in deaths caused by communicable diseases
[3] and a marked increase in the rate of NCDs, particularly
CVDs [4,5]. A 2016 Ministry of Health of Malaysia report
showed that CVDs were ranked first among the ten principal
causes of death in 22.7% of government hospitals and 27.7%
of private hospitals in Malaysia [6].

Generally, CVD is the result of an interaction between
various genetic, sociodemographic, economic, individual,
environmental and health delivery system-related factors [7,8].
Several recent studies have also reported that body mass index
(BMI) is one of the strongest predictors of CVD [9,10].
Essentially, efforts to prevent CVD should address all these
factors. However, because CVD involves interactions between
multiple factors, using a single risk factor for predicting CVD is
unreliable and can cause errors [7,9]. One of the most efficient
approaches to determining CVD risk is by considering the
maximum number of all probable determinants, similar to
applying a risk prediction chart [9,11,12].
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The World Health Organisation (WHO) and International
Hypertension Society (ISH) risk prediction chart for CVD, [12]
designed in 2007, provides a simplified approach for
identifying people at high risk of CVD in 14 WHO
epidemiological sub regions. In contrast to previous risk
prediction charts, the WHO/ISH risk prediction chart considers
six major determinants of CVD: age, sex, smoking status,
diabetes mellitus status, systolic blood pressure, and
cholesterol level. It has also been reported to be efficient for
use in all 193 member states of WHO, particularly in countries
that presently do not have their own prediction chart [12,13].
In addition, it is one of the five prediction charts
recommended by Malaysia’s Clinical Practice Guidelines for the
prevention of CVD in women [14].

A previous nationwide study estimated CVD risk among the
Malaysian population [6], however, no published data are
available on the time trend of the estimated CVD risk.
Therefore, the present study determined the prevalence of
CVD risk among the Malaysian population by using the
WHO/ISH risk prediction chart and data from the National
Health and Morbidity Survey (NHMS) in 2006, 2011 and 2015.
In addition, the association between CVD risk and BMI status
was determined for different age groups.

Methods
In this study, data from three cycles of the NHMS were used.

These surveys were cross-sectional population studies aimed
at obtaining community-based data on patterns of common
health problems, health needs and health expenditures, the
objective of which is to enable the Malaysian Ministry of
Health to review priorities, plan strategies and activities and
estimate the allocation of resources. These surveys were
completely sponsored by the Ministry of Health and have been
approved by the Medical Research and Ethics Committee,
Ministry of Health, Malaysia (NHMS 2006:
P42-251-170000(00500099); NHMS 2011: NMRR-10-757-6837;
NHMS 2011: NMRR-14-1064-21877).

The WHO/ISH risk prediction chart indicates the 10-year risk
of fatal or nonfatal major cardiovascular events such as stroke,
coronary heart disease, and other atherosclerotic diseases
[12]. On the basis of age, sex, smoking status, diabetes mellitus
status, blood pressure, and cholesterol level, the chart
classifies individuals aged 40–79 years into five risk levels (Risk
1: <10%, Risk 2: 10% to <20%, Risk 3: 20% to <30%, Risk 4: 30%
to <40%, and Risk 5: ≥ 40%). According to the WHO

epidemiological subregion classification, Malaysia is in the
Western Pacific Region B (WPR B); therefore, the WPR B
prediction chart was used in this estimation.

The original data set of sociodemographic (age and sex) and
health characteristics (smoking status, diabetes mellitus status,
blood pressure and cholesterol level) was obtained from the
2006, 2011 and 2015 NHMSs and recoded as follows. Age was
recoded into four groups (40–49, 50–59, 60–69 and 70–79
years). Smoking status was recoded into smokers and
nonsmokers, with all current smokers and those who quit
smoking less than 1 year before the assessment considered as
smokers. Diabetes mellitus status was recoded into two
categories, diabetes and nondiabetes, by evaluating the fasting
plasma glucose (diabetes: >7.0 mmol/L) and postprandial
plasma glucose levels (diabetes: >11.0 mmol/L). Mean systolic
blood pressure of two measurements was recoded into four
categories (≤ 129, 130–149, 150–169, and ≥ 170 mmHg) and
cholesterol levels were recoded into five categories (≤ 4.49,
4.50–5.49, 5.50–6.49, 6.50–7.49 and ≥ 7.50 mmol/L). BMI was
recoded into four categories (underweight: <18.5 kgm−2,
normal: 18.5–24.9 kgm−2, preobese: 25.0–29.9 kgm−2 and
obese: ≥ 30.0 kgm−2).

After participants with missing observations were excluded,
the final data set contained data on 7277 men and 8720
women for the 2006 NHMS, 3874 men and 4518 women for
the 2011 NHMS and 4652 men and 5355 women for the 2015
NHMS. The data were analyzed using SPSS version 19 for
Windows (SPSS Inc., Chicago, IL, USA). Descriptive statistics
were computed for all categorical and continuous data. The
association between CVD risk and sociodemographic
characteristics and BMI status was assessed using the Pearson
chi-square test; the significance level was set at p<0.05.

Results
In all the three NHMS cycles, the age group of 40–49 years

accounted for the largest proportion of the sample, exhibiting
a decreasing trend in the higher age groups (Table 1). The
proportion of male smokers was higher than that of female
smokers, with a slight decrease with age in both sexes. Both
men and women exhibited an increase in the proportion of
diabetes mellitus from 2006 to 2015. Over the same period,
mean systolic blood pressure decreased from 140.7 to 137.2
mmHg in men and from 142.1 to 138.7 mmHg in women,
whereas mean cholesterol levels increased from 4.74 to 5.37
mmol/L in men and 4.95 to 5.84 mmol/L in women.

Table 1 Characteristics of the respondents (% (n)) in the 2006 NHMS, 2011 NHMS and 2015 NHMS.

Item

NHMS 2006 NHMS 2011 NHMS 2015

Men

(n=7277)

Women

(n=8720)

Men

(n=3874)

Women

(n=4518)

Men

(n=4652)

Women

(n=5355)

Age (years)

40–49 40.3(2934) 43.8(3815) 38.8(1502) 39.2(1770) 33.8(1571) 34.3(1837)

50–59 32.7(2381) 31.6(2757) 33.5(1296) 34.6(1561) 33.3(1550) 33.7(1805)
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60–69 19.0(1382) 16.9(1478) 19.4(753) 16.7(755) 22.4(1043) 21.7(1161)

70–79 8.0(580) 7.7(670) 8.3(323) 9.6(432) 10.5(488) 10.3(552)

Smoking status

Smoker 43.2(3142) 2.4(206) 40.8(1579) 1.7(77) 40.1(1864) 1.0(55)

Diabetes status

Diabetes 18.8(1371) 19.2(1678) 29.8(1156) 27.3(1232) 30.2(1405) 32.8(1756)

Systolic blood pressure status

Systolic hypertensive
(>140 mmHg) 44.0(3184) 46.5(4032) 38.2(1464) 39.9(1791) 33.2(1628) 36.2(2110)

Cholesterol level status

High cholesterol 
(>6.2 mmol/L) 6.4(460) 10.3(884) 11.5(446) 21.6(976) 20.8(1042) 33.9(1887)

Body Mass Index (BMI)

Underweight 
(<18.5kgm−2 4.7(410) 5.0(428) 4.9(182) 4.0(170) 3.7(170) 3.1(148)

Normal (18.5–24.9 kgm−2) 48.5(3470) 38.4(3270) 45.7(1698) 37.9(1631) 42.2(1903) 37.2(1791)

Pre-obese 
(25.0-29.9kgm−2 ) 35.0(2505) 35.7(3041) 37.0(1374) 35.8(1541) 38.5(1733) 35.5(1935)

Obese (≥ 30.0 kgm−2) 10.8(770) 20.9(1783) 12.5(464) 22.3(957) 15.7(710) 24.2(1340)

In all the three surveys, the proportion of CVD Risk 1 was
lower in the older age groups in both sexes, whereas the
proportions of CVD Risks 2-5 were higher in the higher age
groups (Table 2). A comparison between the 2006 and 2015
surveys revealed that the proportion of CVD Risk 1 decreased
among men in the age group of 40–49 years, but increased in

the other age groups. Among women, the proportion of CVD
Risk 1 increased in the age group of 70–79 years but decreased
in the other age groups. From 2006 to 2015, the proportion of
CVD Risk 5 increased markedly in women aged 70–79 years
(11.1% vs. 15.3%), whereas men in the same age group
exhibited a decreasing trend (23.3% vs. 18.4%).

Table 2 Proportions of CVD risk (% (n)) in the 2006 NHMS, 2011 NHMS, and 2015 NHMS stratified by age group and sex.

Age
group

Gender

Male Female

Risk 1 Risk 2 Risk 3 Risk 4 Risk 5 Risk 1 Risk 2 Risk 3 Risk 4 Risk 5

40 - 49 years

NHMS
2006 2657(90.7) 132(4.4) 59(2.0) 31(1.1) 55(1.8) 3510(92.2) 122(3.1) 90(2.3) 37(0.9) 56(1.5)

NHMS
2011 1338(88.3) 84(6.1) 33(2.3) 13(1.1) 34(2.2) 1609(90.4) 51(3.2) 49(2.8) 21(1.4) 40(2.2)

NHMS
2015 1368(88.9) 101(5.5) 42(2.5) 18(0.9) 42(2.1) 1638(90.1) 86(4.4) 37(1.6) 24(1.0) 52(3.0)

50 - 59 years

NHMS
2006 1744(73.4) 316(13.1) 111(4.7) 89(3.7) 121(5.1) 2159(78.8) 234(8.3) 130(4.7) 99(3.6) 135(4.7)

NHMS
2011 940(73.2) 166(11.6) 63(5.7) 52(3.7) 75(5.8) 1208(76.9) 152(9.9) 72(4.6) 33(2.3) 96(6.3)

NHMS
2015 1124(74.3) 225(12.6) 62(4.1) 55(2.9) 84(6.1) 1303(75.1) 213(10.6) 128(6.0) 35(2.0) 126(6.4)

60 - 69 years
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NHMS
2006 483(35.3) 398(28.8) 169(12.3) 108(7.7) 224(15.8) 757(51.5) 238(16.3) 230(15.6) 82(5.5) 171(11.1)

NHMS
2011 270(38.0) 220(28.5) 85(11.8) 66(8.6) 112(13.2) 379(48.2) 156(20.1) 87(12.4) 45(7.0) 88(12.3)

NHMS
2015 413(40.7) 295(29.8) 114(9.6) 89(7.0) 132(12.9) 539(48.1) 278(24.2) 120(11.5) 76(6.2) 148(10.0)

70 - 79 years 

NHMS
2006 73(12.6) 199(34.7) 99(17.4) 71(12.0) 138(23.3) 213(31.9) 196(29.3) 96(14.5) 91(13.3) 74(11.1)

NHMS
2011 33(10.1) 121(40.8) 68(20.5) 38(10.4) 63(18.3) 158(36.6) 144(36.0) 40(8.4) 48(10.1) 42(8.9)

NHMS
2015 53(14.7) 165(30.9) 107(23.6) 69(12.5) 94(18.4) 196(38.1) 165(25.4) 71(14.8) 42(6.5) 78(15.3)

CVD risk levels were significantly associated with BMI in
men aged 40–49 and 50–59 years and in women aged 40–49,
50–59, and 60–69 years (Table 3). The highest proportion of

CVD Risk 5 was observed among preobese men (21.8%) and
obese women (22.1%) in the oldest age group (70–79 years).

Table 3 Proportions of CVD risk (n (%)) in 2015 stratified by BMI status, age group and sex.

Gender Age group BMI status

Risk level p-value*

Risk 1 Risk 2 Risk 3 Risk 4 Risk 5

Male

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

40 – 49 years

 

 

 

Underweight 58(90.6) 4(6.3) 1(1.6) 0(0) 1(1.6) 0.001

Normal 543(91.3) 26(4.4) 11(1.8) 5(0.8) 10(1.7)  

Pre-obese 541(86.7) 43(6.9) 14(2.2) 8(1.3) 18(2.8)  

Obese 208(77.9) 28(10.5) 14(5.2) 4(1.5) 13(4.9)  

50 – 59 years

 

 

 

Underweight 32(88.9) 3(8.3) 0(0) 1(2.8) 0(0) 0.001

Normal 479(78.5) 74(12.1) 19(3.1) 17(2.8) 21(3.4)  

Pre-obese 404(67.6) 97(16.2) 28(4.7) 21(3.5) 48(8.0)  

Obese 186(67.9) 49(17.9) 13(4.7) 13(4.7) 13(4.7)  

60 – 69 years

 

 

 

Underweight 22(64.7) 7(20.6) 3(8.8) 1(2.9) 1(2.9) 0.05

Normal 197(42.7) 125(27.1) 50(10.8) 36(7.8) 53(11.5)  

Pre-obese 128(35.2) 112(30.8) 43(11.8) 30(8.2) 51(14.0)  

Obese 53(38.4) 35(25.4) 11(8.0) 18(13.0) 21(15.2)  

70 – 79 years

 

 

 

Underweight 6(16.7) 19(52.8) 4(11.1) 4(11.1) 3(8.3) 0.057

Normal 29(12.2) 86(36.3) 50(21.1) 27(11.4) 45(19.0)  

Pre-obese 13(8.8) 38(25.9) 34(23.1) 30(20.4) 32(21.8)  

Obese 3(9.7) 8(25.8) 9(29.0) 5(16.1) 6(19.4)  

Female

 

 

 

 

 

 

 

 

40 – 49 years

 

 

 

Underweight 40(97.6) 1(2.4) 0(0) 0(0) 0(0) 0.001

Normal 575(93.5) 22(3.6) 5(0.8) 1(0.2) 12(2.0)  

Pre-obese 600(88.8) 33(4.9) 11(1.6) 12(1.8) 20(3.0)  

Obese 410(83.8) 29(5.9) 21(4.3) 11(2.2) 18(3.7)  

50 – 59 years

 

 

Underweight 31(91.2) 2(5.9) 0(0) 0(0) 1(2.9) 0.005

Normal 437(78.9) 54(9.7) 30(5.4) 7(1.3) 26(4.7)  

Pre-obese 477(69.5) 89(13.0) 55(8.0) 16(2.3) 49(7.1)  
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 Obese 345(67.9) 65(12.8) 40(7.9) 12(2.4) 46(9.1)  

60 – 69 years

 

 

 

Underweight 24(64.9) 6(16.2) 4(10.8) 0(0) 3(8.1) 0.003

Normal 209(53.6) 90(23.1) 31(7.9) 24(6.2) 36(9.2)  

Pre-obese 183(43.9) 107(25.7) 43(10.3) 31(7.4) 53(12.7)  

Obese 106(38.5) 67(24.4) 36(13.1) 17(6.2) 49(17.8)  

70 – 79 years

 

 

 

Underweight 15(41.7) 8(22.2) 7(19.4) 4(11.1) 2(5.6) 0.05

Normal 89(38.4) 75(32.3) 26(11.2) 16(6.9) 26(11.2)  

Pre-obese 44(28.2) 52(33.3) 25(16.0) 8(5.1) 27(17.3)  

Obese 25(36.8) 12(17.6) 9(13.2) 7(10.3) 15(22.1)  

*Pearson chi-square test

Underweight: <18.5 kgm−2, normal: 18.5–24.9 kgm−2, preobese: 25.0–29.9 kgm−2, and obese: ≥30.0 kgm−2

Discussion
According to our review of relevant literature, this is the first

report on the time trend of estimated CVD risk and its
association with BMI status by age group. Both men and
women exhibited an increase in the proportion of diabetes
mellitus from 2006 to 2015 and CVD Risk 1 decreased in the
younger age groups (40–49 years among men and 40–49, 50–
59 and 60–69 years among women). CVD risk levels were
significantly associated with BMI status in the younger age
groups. Thus, the increase in CVD risk as well as the prevalence
of diabetes is alarming, and more efficient CVD prevention and
control strategies are warranted in Malaysia.

From 2006 to 2015, mean systolic blood pressure declined,
whereas cholesterol levels increased. The decline in systolic
blood pressure is consistent with the change in the prevalence
of hypertension in Malaysia, which was reported to have
decreased from 47.0% in 2006 to 43.5% in 2011 and then
39.8% in 2015 in both men and women older than 30 years
[15]. A previous survey also reported improvements in the
proportion of awareness and control of hypertension in
Malaysia [16]. From the 1996 NHMS to the 2015 NHMS, the
prevalence of hypercholesterolemia among Malaysians aged
≥30 years increased drastically; it was 11.7% in 1996, 28.2% in
2006, 43.9% in 2011 and 56.8% in 2015 [13]. A review on
hypercholesterolemia in Asia reported that fatty and spicy diet
and an unhealthy lifestyle contribute to hypercholesterolemia
and was positively related to CVD [17].

Older age groups exhibit higher risks of CVD according to
the WHO/ISH risk prediction chart, which is consistent with
our findings for all the three national surveys. Many studies
have reported that CVD prevalence increases with age [18-20].
Ageing is an inevitable part of life and the largest risk factor for
CVD, which remains the leading cause of death in many
countries [20].

Although the proportion of CVD Risk 1 was generally lower
in women compared with men, a decreasing trend was
observed in women. In addition, a marked increase in the
proportion of CVD Risk 5 was observed among women aged
70–79 years, whereas men in the same age group exhibited a

decreasing trend. According to several studies conducted in
Malaysia, women in Malaysia have a longer life expectancy
than do men (men-72.5 years and women-77.4 years as of
2015), which further increases the concern of CVD [16,21,22].
In addition, poor social support, lower quality of life and lower
mental health among women compared with men makes
women more vulnerable to NCDs, and CVD is one of the main
NCDs [21].

In middle-aged adults, BMI was significantly associated with
CVD risk in both sexes. However, in older age groups, BMI was
no longer significantly associated with CVD risk. Most related
studies have suggested that BMI per se is not the most
appropriate predictor of morbidity and mortality in elderly
people because of its inability to discern or detect age-related
body fat redistribution [23]. An increase in BMI was associated
with an increase in CVD in the young and middle-aged groups
but not in the older groups. No sex difference was observed in
the association between BMI and CVD [24].

We used the WHO/ISH risk prediction chart instead of the
Framingham Risk Score (FRS) or Systematic Coronary Risk
Evaluation (SCORE) as the prediction chart because the
WHO/ISH risk prediction chart considers all possible
determinants of CVD available in the NHMS data. The FRS and
SCORE use equation models derived from samples in other
countries and thus might be inapplicable for the Malaysian
population. Moreover, the FRS model requires readings for
high-density lipoprotein cholesterol, which is unavailable in
the NHMS data. Furthermore, the SCORE model does not
consider diabetes status, and this is a critical determinant of
CVD [14,25].

The present study used data from a national survey and
applied multistage random sampling to ensure that the sample
data are nationally representative. However, some
methodological problems remain. First, because we
aggregated the data into age groups and stratified them by
sex, smoking status, diabetes mellitus status, systolic blood
pressure and cholesterol level, the coefficients of variation
might have increased. Second, misclassification of diabetes
mellitus status might have occurred when a single occasion
postprandial plasma glucose level was used in the absence of
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fasting plasma glucose data. However, the possible
overestimation of risk in people with newly diagnosed
diabetes may have balanced the underestimation risk in
people with undetected diabetes [26].

Conclusion
The trend of decreasing systolic blood pressure and

increasing cholesterol levels shows that the CVD risk in
Malaysia is increasing, particularly among women. The trend
of increasing preobesity and obesity was also associated with
elevated CVD risk. This is an alarming indication of the health
situation in Malaysia because the prevalence of preobesity and
obesity is increasing annually. Therefore, the implementation
of effective intervention strategies is urgently required, and
such strategies must focus on groups who are overweight,
have a high BMI and are at high risk of CVD, and also
preventing individuals who are at low risk of CVD from
progressing to high risk.
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