
INTRODUCTION

Prehypertension is a non-communicable disease (NCD) and an 
independent cardiovascular disease risk factor. Prehypertension is com-
mon in adults and early detection of prehypertension can prevent adults 
from getting hypertension, a silent killer disease1). A study found that 
two-thirds of patients with prehypertension will develop hypertension 
after four years2). 

Cigarette smoking is a well-documented risk factor for cardiovascu-
lar disease. Many studies have shown that cigarette smoking can stimu-
late oxidative stress3), sympathetic nervous activations4), vasopressor 
effects5), vascular inflammation and injury6), endothelial dysfunctions7), 
and increased arterial stiffness8). All these elements contribute to the 
aetiology of hypertension.

For the past three decades, smoking-related diseases such as cancer 
and cardiovascular disease remain the main causes of premature death 
in Malaysia. According to the National Health Morbidity Survey of 
2015, there were 5 million adult smokers 35 9 years old9). These smok-
ers are at risk for prehypertension and cardiovascular disease.

The prevalence of prehypertension among current cigarette smokers 
in urban adults from 33 communities in China was 32.7%10). Also, a 
study in Kunming, China, showed heavy smoking is significantly asso-
ciated with prehypertension11). Hence our study was carried out to evalu-
ate associated risk factors of prehypertension among current smokers in 
Kelantan, Malaysia. Early interventions and encouraging a smoke-free 
and healthy lifestyle can reduce the risk of developing cardiovascular 
events.

METHODS

This cross-sectional study was conducted at Klinik Kesihatan 
Bandar (KKB), Kota Bharu, Kelantan, Malaysia. Convenient sampling 
was applied, and all smokers aged 18 and over were included. The 
exceptions were those with chronic diseases, such as hypertension, dia-
betes mellitus, coronary heart disease, renal disease and stroke. The 
sample size was 339 after considering 10% of non-response12). 

A current smoker is defined as an adult who has smoked more than 
100 cigarettes over a lifetime and currently smokes cigarettes every day 
or some days. The consented respondents were asked to complete four 
questionnaires: the case report form, Malay validated International 
Physical Activity Questionnaire (IPAQ-M), dietary assessment and the 
Fagerstrom Test for Nicotine Dependence Malay validated (FTND-M).

The case report form consisted of the subjects socio-demographic 
backgrounds and physical activity assessment. The form was adapted 
from the validated Malay version of the International Physical Activity 
Questionnaire (IPAQ-M) short form. The dietary habit assessment was 
adapted from Malaysia NCD Surveillance-1 2005/2006, and smoking 
behaviour assessment was derived from the Fagerstrom Test for 
Nicotine Dependence Malay validated (FTND-M). Physical measure-
ments consisted of blood pressure (BP), height, weight, body mass 
index (BMI) and waist circumference.

IPAQ-M
The subjects physical activity levels were assessed with the 
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IPAQ-M13). It was designed primarily for the population surveillance of 
physical activity among adults aged 18 to 69. This instrument assesses 
the number of days and duration of two intensity levels of physical 
activities, i.e. vigorous and moderate. Vigorous-intensity is defined as a 
large amount of physical effort is required to carry out the activity, 
which makes breathing more difficult than normal. Vigorous-intensity 
activities include heavy lifting, aerobic exercises, cycling at high speed. 
Moderate-intensity activities are activities that require moderate physi-
cal effort and breathing is harder than normal. Examples of such activi-
ties are cleaning around the house (mopping/sweeping), casual cycling 
and playing badminton doubles. The instrument also assessed time spent 
on walking and sitting.

There are seven questions in this instrument. Question 1 and 2 are 
on the number of days and duration involved in vigorous physical activ-
ity. Question 3 and 4 are on the number of days and duration involved in 
moderate physical activity. Question 5 and 6 are on the number of days 
and duration of walking. Question 7 is asking the duration of time spent 
sitting in a day during a normal working day. The duration of low, mod-
erate and high activity must be at least 10 minutes. Responses of less 
than 10 minutes are valued as zero.

Table 1: Socio-demographic characteristics of the participants
Variables   Normotension Prehypertension
 n (%) n (%) n (%)

Age (years)a 32.6 (10.3) 30.6 (9.4) 34.1 (10.7)
Income (RM)a 1414.6  1361.6  1361.6 
 (1087.6) (1018.8) (1018.8)
Smoking duration (years)a 14.4 (9.0) 12.9 (9.1) 15.6 (8.8)

Fagerstrom score a 2.59 (2.3) 2.5 (2.0) 2.7 (2.4)
BMI (kg/m2)a 23.7 (4.8) 21.9 (4.4) 25.0 (4.8)
Race   

Malay 319 (95.8) 136 (42.6) 183 (57.4)
Others 14 (4.2) 5 (35.7) 9 (64.3)

Marital status   
Single 142 (42.9) 70 (49.0) 73 (51.0)
Married 190 (57.1) 71 (37.4 119 (62.6)

Education level   
Low 232 (69.7) 95 (40.9) 137 (59.1)
High 101 (30.3) 46 (45.5) 55 (54.5)

Family history hypertension   
No 172 (51.7) 84 (48.8) 88 (51.2)
Yes 161 (48.3) 57 (35.4) 104 (64.6)

Physical inactivity   
No 120 (36.0) 95 (44.6) 118 (55.4)
Yes 213 (64.0) 46 (38.3) 74 (61.7)

Unhealthy diet   
No 34 (10.2) 19 (55.9) 15 (44.1)
Yes 299 (89.8) 122 (40.8) 177 (59.2)

Central obesity   
No 231 (69.4) 121 (52.4) 110 (47.6)
Yes 102 (30.6) 20 (19.6) 20 (19.6)

a The variables are expressed as mean (SD); BMI, Body Mass Index

Table 2: Associated factors for prehypertension among cigarette 
smokers by simple logistic regression

Variables b Crude OR Wald* p-
  (95% CI) tatistic value

Age (years) 0.03 1.04  9.4 0.002
  (1.01, 1.06)
Income (RM) 0.00 1.00  0.6 0.446
  (1.00, 1.00)
Smoking duration (years) 0.03 1.04  6.9 0.008
  (1.01, 1.06)
Fagerstrom score 0.05 1.05  0.94 0.332
  (0.95, 1.15)
BMI 0.16 1.17  30.8 < 0.001
  (1.11, 1.24)
Race    

Malay  1  
Others 0.29 1.34  0.26 0.609

  (0.43, 4.08)
Marital status     

Single  1  
Married  0.47 1.61  4.46 0.035

  (1.03,2.49)
Family history hypertension    

No  1  
Yes 0.55 1.74  6.10 0.013

  (1.12, 2.70)
Education level    

Low  1  
High -0.18 0.83  0.61 0.435

  (0.52, 1.32)
Physical inactivity     

No  1  
Yes 0.26 1.29  1.23 0.267

  (0.82, 2.04)
Unhealthy diet    

No  1  
Yes 0.61 1.84  2.78 0.095

  (0.89, 3.76)
Central obesity    

No  1  
Yes 1.51 4.51  28.5 < 0.001

  (2.59,7.83)

BMI, body mass index; b, regression coefficient; OR, odds ratio; CI, confidence interval

*Likelihood ratio statistic

Table 3: Associated factors for prehypertension among ciga-
rette smokers by multiple logistic regression

Characteristic b Adjusted OR  Wald*  p-value
  (95% CI) statistic

Age (years) 0.03 1.03  5.42 0.020
  (1.00, 1.05)
BMI (kg/m

2
) 0.11 1.11  7.63 0.006

  (1.03,1.20)
Family history hypertension    
  No 0 1  
  Yes 0.52 1.68  4.47 0.034
  (1.04, 2.71)
Unhealthy diet    
  No 0 1  
  Yes 1.50 4.48  11.57 0.001
  (1.88, 10.63)
Central obesity    
  No 0 1  
  Yes 0.99 2.68  6.05 0.014
  (1.22,5.89)

Multicollinearity and interaction terms were checked and not found.

Hosmer-Lemeshow test, (p = 0.632), classification table (overall correctly classified 

percentage = 69.4%) and area under the receiver operating characteristic curve 

(74.9%) were applied to check the model fitness.

b, regression coefficient; OR, odds ratio; CI, confidence interval

*Likelihood ratio statistic
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The subjects were considered low activity if no/or some activity, but 
their activity pattern was less than 'moderate or high activity'. The fol-
lowing criteria were classified as moderate activity: 3 or more days of 
vigorous-intensity activity of at least 20 minutes per day, and high activ-
ity (vigorous activity at least 3 days, achieving at least 600 MET-
minutes/week).

Dietary assessment
For the assessment of a healthy diet, the Malay version of the 

dietary component from Malaysia NCD Surveillance-1 2005/2006 
(MyNCDS-1) was used14). It was adopted from the WHO STEP wise 
approach to chronic disease risk factor surveillance (STEPS). The ques-
tions assess the intake of servings of fruits and/or vegetables per day. 
There are four questions in the instrument. Question 1 (Q1) is about the 
number of days in a typical week of fruit intake, and Question 2 (Q2) is 
the number of servings of fruit in a day. Question 3 (Q3) asks the num-
ber of days vegetable consumption in a typical week, and Question 4 
(Q4) is on the number of servings of vegetables in a day. The subjects 
were considered to have an unhealthy diet when fruit and vegetable con-
sumption is fewer than five servings per day. One serving is a medi-
um-sized fruit, a cup of raw green leafy vegetables, or half a cup of 
cooked vegetables. Fruits and vegetables refer to any type of fruit and 
vegetable taken during meal times or as snacks. A template for common 
fruits and vegetables was included in the questionnaire.

FTND-M validated
There are six questions in FTND-M about smoking behaviour15). 

Question 1 (Q1) is to assess the time of the first cigarette after waking 
up in the morning. Question 2 (Q2) is about the difficulty to refrain 
from smoking in the smoking forbidden places. Question 3 (Q3) is 
regarding the hardest cigarette to give up in a day. Question 4 (Q4) is on 
the number of cigarettes smoked in a day. Question 5 (Q5) is the ability 
to smokeless during the first hours after waking up compared to the rest 
of the day, and the last question, Question 6 (Q6), is on the ability to 
stop smoking when sick. Subjects must score their answers between 0 to 
10, higher scores indicating stronger dependence on nicotine. With a 
score of less than 4, the subject is considered minimally dependent. If 
the score is between 4 and 6, the subject is considered moderately 
dependent, while a score of 7 to 10 is considered highly dependent.

Physical measurements
Blood pressure measurements were obtained using a digital auto-

matic BP monitor, OMRON (HEM-7203), using an appropriate cuff size 
depending on the subjects. The subjects were in a sitting position with 
their back supported, both feet on the floor and with the right arm sup-
ported on the table. During the measurements, the subject was advised 
not to talk. Two measurements were taken with 30 seconds to a 1-min-
ute interval on the same arm. The averaged value of the two readings 
was used in the analysis. The subjects also were measured for height, 
weight and waist circumference.

The study protocol was cleared and approved by the Human 
Research Ethics Committee USM (HREC) and the Medical Research 
and Ethics Committee (NMRR-16-2589-33491 (IIR).

Data collection procedures
KKB Kota Bharu attendees were screened for their smoking status. 

The cigarette smokers were invited to join the study if they met inclu-
sion criteria and did not meet exclusion criteria. If the subject gave ver-
bal consent to join the study, they were taken to the consultation room. 
The subject was then asked to complete a patient information sheet, sign 
the consent form and complete the questionnaire. Upon completing the 
questionnaire, the subject's BP was measured twice with 30 seconds to 
1-minute intervals, allowing the subject to rest in between measure-
ments. The subject's height, weight and waist circumference were also 
measured. The subjects were informed of the results after completing 
the assessment, and subjects with abnormal results were referred to 
medical officers at KKB for further management.

RESULTS

Of the 339 cigarette smokers attending Klinik Kesihatan Bandar 
Kota, 333 completed the questionnaire with a response rate of 98.2%. 

The rest were unable to complete the questionnaire because they were 
called for consultation and/or declined to answer due to their time con-
straints.

The mean (SD) age of subjects is 32.6 (10.3) years (range: 18 2). 
The majority were Malay, and more than half were married. The mean 
(SD) years of smoking among subjects in the prehypertensive group is 
15.6 (8.8) with mean (SD) Fagerstrom score is 2.7 (2.4), which was a 
low dependency on nicotine. Among the overweight and obese subjects, 
69% and 78% belong to the prehypertensive group. More than 60% of 
subjects in the prehypertensive group had a positive family history of 
hypertension in first degree relatives. Table 1 presents the participants' 
socio-demographic characteristics. The prevalence of prehypertension 
among smokers is 57.7% (192).

Associated factors for prehypertension
Simple logistic regression was used to yield the associated factors 

for prehypertension shown in Table 2.
Based on multiple logistic regressions, age, family history of hyper-

tension, unhealthy diet, BMI and central obesity were significantly asso-
ciated with prehypertension, as shown in Table 3.

DISCUSSION

In Malaysia, the prevalence of prehypertension was in the range of 
30%-42.9%, and the prevalence of prehypertension in the general popu-
lation is 37%.16) The latest available data was reported by by Mohd 
Fauzi MF et al., he noted that the prevalence of prehypertension in 
Malaysia among preclinical medical students was 20.5% and another 
local study reported that the prevalence of prehypertension among 
adults visiting outpatient clinic in Northeast Malaysia was 37.1%17,18).

The prehypertension percentage in this study is 57.7% (192) with a 
mean (SD) of BP within SBP 127.4 mmHg (7.8) and DBP 77.9 mmHg 
(6.6). A study in India on smoking status and its effect on BP reported a 
high prevalence of prehypertension among smokers, which was 
61.9%19). The nicotine in the cigarette reportedly increased the systolic 
and diastolic BP, including the heart rate, resulting in prehypertension, 
hence the high prevalence of prehypertension among smokers20). 

In this study, age was significantly associated with prehypertension. 
Cambodian adults in the 25-64 age group revealed age is the most sig-
nificant factor for developing prehypertension21). Esam et al. also 
showed both mean SBP and DBP steadily increase with age22). Age 
affects the vascular system, which in turn affects BP. Loss of arterial 
elasticity due to age subsequently reduces arterial compliance23).

BMI is significantly associated with prehypertension. Grotto et al. 
suggested that when other risks are controlled, obesity is the major 
determinant of prehypertension24). A meta-analysis associated higher 
body mass with prehypertension, while weight reduction lowers BP25). 
Another study revealed a similar association between continuous BMI 
variables; BP and certain weight reduction could reduce the BP.26) Thus, 
cigarette smokers beyond their optimal BMI should be advised to lose 
weight.

Our study's findings show smokers with central obesity or increased 
waist circumferences are significantly associated with prehypertension. 
Central obesity is linked to high BP by activating chronic inflammation 
from increasing visceral adipose tissue accumulation, whereby the same 
process is also commonly associated with hypertension27). Hence, smok-
ers with abdominal obesity should be screened for metabolic syndrome.

History of hypertension among first degree relatives is another sig-
nificant finding noted in this study. This finding is supported by a study 
of 4200 employees in China, which showed 35% were prehypertensive 
and had a positive family history of hypertension. Their results showed 
that individuals with a positive family history of hypertension had a 
greater risk of prehypertension and hypertension28). A study among uni-
versity students in Malaysia also supports this finding. Students who 
have a family history of hypertension were two times more likely to 
develop prehypertension29). The importance of knowing family medical 
history should be emphasised on our patients. Those with a positive 
family history should be advised to have regular health screenings.

Our study associated intake of fewer than five servings of fruits and 
vegetables per day with prehypertension. A study in India also showed a 
positive association between prehypertension with low intake of vegeta-
bles30). Fruits and vegetables contain dietary nutrients like antioxidants. 
Potassium and folic acid in fruits and vegetables have a protective effect 
on BP and cardiovascular disease31). The patient should be advised on an 
adequate intake of fruits and vegetables in the daily meal plan.
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There are few limitations found in our study. The label of prehyper-
tension in our study is based on a single visit only, while the Malaysia 
Clinical Practice Guidelines on Management of Hypertension (4th 
Edition) recommends two different visits required for diagnosing. The 
single visit of blood pressure might over-diagnosed prehypertension 
despite the averaged two BP readings. The majority of the subjects are 
of the Malay ethnic group; thus, it does not reflect other ethnic groups 
in Kota Bharu. Our study also does not explore other associated factors 
with prehypertension, such as dyslipidemia, dysglycemia and psycho-
logical factors, which might interact with other studied associated fac-
tors. Our study's sampling method was a convenient sampling method, 
and the tool used for the assessment of unhealthy diet only assessed 
fruits and vegetable intake, which did not include salt intake assess-
ment.

Some of the recommendations include more studies are needed to 
assess other important socio-demographic, behavioural and biological 
factors that may influence prehypertensive development in cigarette 
smokers. Also, proper tools are needed to assess behaviour-associated 
factors, such as objective physical activity and whole dietary assess-
ments, including salt intake.

CONCLUSION

In conclusion, the percentage of prehypertension among smokers in 
this study is 57.7%. The findings identified five factors significantly 
associated with prehypertension among smokers: age, BMI, positive 
family history of hypertension in first degree relatives, an unhealthy diet 
that fewer than five servings of fruits and vegetables per day and central 
obesity.
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