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Screening high-risk population for hypertension and 
type 2 diabetes among Thais
Kulaya Narksawata, Natkamol Chansatitporna, Panuwat Panketb, Jariya Hangsanteaa

Background: waist circumference (WC) and body mass index (BMI) are simple screening tools 
for hypertension (HT) and type 2 diabetes (DM). Cutoffs of WC for BMI for Asians have been 
discussed. This study aimed to assess the accuracy of screening tools and associations of WC, 
BMI with HT and DM. 

Methods: Data from the national screening programme for metabolic syndrome conducted in 
2010 in 21 provinces in the central region of Thailand were analysed. A total of 10 748 participants 
aged >35 years were included in the analysis with cutoffs of WC set at 90 cm for men, 80 cm for 
women, and BMI at 23 kg/m2 for both sexes. 

Results: WC produced low sensitivity and high specificity among male participants, and moderate 
sensitivity and specificity among female participants, while BMI produced moderate sensitivity and 
specificity in both sexes. Significant associations were found among those who had high WC only, 
high BMI only, and both high WC and BMI with HT and DM in both sexes. (males for HT, OR=1.63, 
95%CI: 1.15–2.33, OR=1.22, 95%CI: 1.03–1.44 and OR=2.03, 95%CI: 1.07–2.42; males for DM, 
OR=1.39, 95%CI: 1.05–1.83), OR=1.77, 95%CI: 1.07–2.94 and OR= 2.05, 95%CI: 1.57–2.69, 
females for HT, OR=1.69: 95%CI 1.38–2.07, OR=1.32; 95%CI: 1.09–1.60 and OR=2.54, 95%CI: 
2.11–2.91; females for DM, OR=1.45, 95%CI: 1.08–1.94, OR=1.45, 95%CI: 1.09–1.91 and 
OR=1.70, 95%CI: 1.39–2.09). When the cutoff WC was lowered among male participants to 85 
cm, sensitivity increased, and significant strengths of associations with HT and DM were nearly 
the same. 

Conclusion: For Thailand, WC and BMI with appropriate cutoffs can be effective screening tools 
to recruit high-risk populations into health promotion programmes. However, WC and BMI should 
be implemented with other screening tools for other risk factors because of their moderate 
accuracy.

Key words: Waist circumference, body mass index, cutoffs, screening accuracy, hypertension, 
type 2 diabetes, Thailand.
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Introduction
Screening for risk factors of hypertension 
(HT) and type 2 diabetes (DM) is very 
useful to recruit high-risk populations into 

health promotion programmes as primary 
prevention in developing countries like 
Thailand. Since 2009, Thailand has had 
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an increasing trend of morbidity due to 
hypertension and type 2 diabetes during the 
last five years thus dramatically increasing 
the economic burden for treatment of these 
two diseases.1 HT and DM usually have the 
same risk factors pertaining to unhealthy 
lifestyle or behavioural risk factors such as 
lack of exercise, stress, smoking and poor 
eating habits which lead to overweight and 
obesity.2,3 Many anthropometric methods have 
been employed for measuring overweight and 
obesity. The simple methods which are easy to 
obtain for screening programmes and for self-
monitoring are waist circumference (WC) and 
body mass index (BMI) which are calculated 
from weight and height.4,6 The World Health 
Organization (WHO) reported that the cutoff 
point of BMI for observed risk of HT and DM 
varied from 22 kg/m2 to 25 kg/m2 in different 
Asian populations, and high risk of HT and DM 
varied from 26 kg/m2 to 31 kg/m2.4 WHO also 
suggested that BMI for each country should 
be defined for its own population.4 The WHO 
Regional Office for the Western Pacific (WPRO) 
proposed that for Asian adults, overweight 
and obesity should have BMI>23 and BMI>25 
kg/m2,7 while the Ministry of Public Health 
(MoPH), Thailand has used a cutoff of BMI 
at 23 kg/m2 for many national health survey 
programmes.8,9

Visceral obesity is known to be closely 
linked to HT and DM, but the appropriate 
cutoff of WC for being a risk factor of HT and 
DM is still controversial.10 Thailand, i.e., the 
Ministry of Public Health (MoPH), has specified 
cutoffs of WC for Thais at 90 cm for males 
and 80 cm for females.11 High WC or excess 
body fat around the waist is one among 
several clusters of symptoms of metabolic 
syndrome including dyslipiddemia as well 
as elevated levels of fasting blood glucose, 
increased blood pressure, low level of high 
density of lipoprotein (HDL), and high level 
of triglyceride. These are already known to 
be cardiovascular risk factors. The Ministry 

of Public Health (MoPH), Thailand, through 
the National Health Security Office (NHSO) 
has implemented screening programmes for 
metabolic syndrome and provided modified 
risk behaviour programmes for the Thai 
population all over Thailand since 2005.8 
The screening tools for metabolic syndrome 
in these programmes include BMI, waist 
circumference and blood pressure, as well as 
fasting blood sugar.8

Thus, the aims of this study were to 
assess the accuracy of WC and BMI when 
screened for HT and DM and the strength of 
associations between BMI, WC with HT and 
DM when using the cutoffs as recommended 
for Asian populations by WHO, and the MoPH, 
Thailand. In addition, the study aimed to 
identify new and appropriate cutoffs of WC 
and BMI to improve the sensitivity of screening 
programmes to recruit more higher-risk 
populations to participate in health promotion 
programmes to reduce the occurrence of HT 
and DM among Thais effectively.

Methods
Participants
The analysis was based partially on secondary 
data from the fifth national screening 
programme for metabolic syndrome conducted 
in 21 provinces of the central region of Thailand 
by the NHSO, MPH, from 1 October 2009 to 
31 July 2010.8 Stratified random sampling 
technique was used to select participants 
for each province. Simple random sampling 
with proportion to size of population using 
a computer programme was used to select 
subjects for each province. The number 
of subjects (nh) taken from each province 
was calculated by nh = Nh×[n/N]; when Nh 
represents the total number of participants 
of each province, n is the estimated sample 
size and N is the total number of target 
population (N=673 952). The inclusion criteria 
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of participants for analysis were aged 35 
years or older with complete and plausible 
data for analysis.12 The total number of 
study population included in the analysis was 
10 748.

Sites of study
Data collection was performed within one day 
at primary care units at health care centres 
or health promotion hospitals at village and 
district levels by trained health officers under 
the supervision of provincial health officers.

Methods of data collection
Blood pressure
After 30 minutes of resting, blood pressure 
was measured by standard mercury 
sphygmomanometers and standardized 
digital equipment (Omron IA1) by trained 
health officers twice at a gap of 1–2 minutes. 
The average of the two readings was used to 
classify high blood pressure or hypertension.

Anthropometric measurement
Weight and height were measured by balanced 
beam scale. Body mass index (BMI) w as 
calculated by weight in kilograms divided by 
height in meters squared (kg/m2).4

Fasting blood glucose
Fasting blood glucose level was detected 
from blood samples obtained from the veins 
of participants in the morning after at least 
eight hours of overnight fasting. Fasting 
blood glucose (FPG) was measured using the 
standard enzymatic method by health care 
officers.

Interviewing for behavioural risk 
factors
Interviews were conducted to identify covariate 
factors comprising general characteristics 

such as age, sex, living area, past history 
of other chronic diseases and having family 
members with hypertension and diabetes. 
Health risk behaviours including smoking, 
alcohol consumption, exercise habits and 
dietary habits during the last year were also 
discussed.

Definitions
High blood pressure was defined as having a 
SBP ≥ 140 mmHg, and/or DBP ≥ 90 mmHg 
or currently taking antihypertensive drugs. 
Type 2 diabetes was defined when the level 
of FPG ≥ 126 mg/dl with confirmation and/
or taking antidiabetes drugs.5 BMI categories 
for Asian populations were defined as < 18.5 
for underweight, 18.5–22.9 kg/m2 for normal, 
23.0–24.9 kg/m2 for overweight, 25.0–29.9 
kg/m2 for obese I, and ≥30 kg/ for obese II.4 
Abdominal obesity was defined as WC ≥90 cm 
for men and ≥ 80cm for women.8,9

Statistical analysis
Pearson’s correlation coefficient was used to 
demonstrate the relationships between WC, 
BMI, FBS, SBP and DBP. Receiver Operating 
Characteristic (ROC) curve was used to 
identify the areas under the curve (AUCroc) 
with 95% confidence interval. When AUCroc 

was greater than 0.5, it meant the screening 
tool was better than chance alone, and the 
bigger the AUCroc, the better the accuracy of 
the screening tool.12 Sensitivity, and specificity 
were calculated for accuracy of WC and BMI 
when screened for HT and DM.13 Multiple 
logistic regression analysis stratified by 
sex was used to determine the strength of 
associations between having high WC only, high 
BMI only, a combination of high WC and high 
BMI ( above cutoff points) with hypertension, 
type 2 diabetes by adjusted odds ratio (OR) 
and 95% confidence interval (95%CI). The 
confounding variables were age in years, living 
area (urban/rural), having family members 
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with hypertension or type 2 diabetes (yes/
no), having been diagnosed for and using 
antihypertensive drugs or antidiabetes drugs 
(yes/no), smoking (current/ex/no), alcohol 
consumption (current/ex/no), exercise habits 
(never/irregular/regular), and dietary habits 
(healthy food/unhealthy food).

Results
The mean age of the study population was 
53.55 (+12.56) years for male participants 
and 53.48 (+12.39) years for female 
participants. The average waist circumference 
was 82.07 + 9.62 cm among female and 
83.73 + 9.15 cm among male participants. 
Moreover, the average BMI of female participants 
was higher than that of male participants which 
was 24.16 + 3.98 and 23.08 + 3.48 kg/m2, 
respectively (Table 1).

Correlation
Results showed a significantly moderate 
positive correlation between WC and BMI, 
when positive correlation between WC 
and BMI with FBS, SBP, DPP among these 
group of participants was low (correlation 
coefficient for males; WC:BMI=0.619, 
WC:FBS=1.46, WC:SBP=0.167, WC:DBP= 

0.142, BMI:FBS=0.167, BMI:SBP=0.155, 
BMI:0.137, correlation coefficient for 
females; WC:BMI=0.657, WC:FBS=1.33, 
W C : S B P = 0 . 1 8 4 ,  W C : D B P = 0 . 1 6 8 , 
B M I : F B S = 0 . 1 1 9 ,  B M I : S B P = 0 . 1 5 6 , 
BMI:DBP=0.169) (not shown in the table).

Areas under the receiver 
operating characteristic curve 
(AUCroc)
Cutoffs were conducted for WC at 90 cm 
for male participants and 80 cm for female 
participants, and BMI of 23.00 kg/m2 for both 
sexes for screening HT and DM.

When screening for HT, AUCroc of WC 
produced significantly better accuracy than 
BMI by non overlapping of 95% confidence 
interval of AUCroc in both sexes (males: AUCroc 
of WC = 0.61 95%CI 0.58–0.62 and AUCroc of 
BMI = 0.57, 95% CI 0.55–0.58, females: AUCroc 
of WC =0.62, 95%CI 0.60–0.63 and AUCroc of 
BMI 0.59, 95%CI 0.57–0.60, respectively). 
However, when screening for diabetes, WC 
produced nonsignificant difference accuracy by 
AUCroc and 95% confidence interval with BMI 
by overlapping of 95% confidence interval of 
AUCroc in both sexes (males: AUCroc of WC = 
0.62 95%CI 0.59–0.64 and AUCroc of BMI = 

Table 1: Means and standard division of biological characteristics of participants

Characteristics Male Female

n 4325 6423

Age (years) 53.55 (+12.56) 53.48 (+12.39)

WC (cm) 83.73 (+9.15) 82.07 (+9.62)

Weight (kg) 63.60 (+10.44) 59.04 (+10.45)

Height (cm) 165.13 (+6.51) 156.21 (+6.93)

BMI (kg/m2) 23.08 (+3.48) 24.16 (+3.98)

FBS 96.02 (+22.92) 96.94 (+25.37)

SBP 126.46 (+15.44) 125.40 (+16.27)

DBP 79.46 (+9.69) 78.64 (+9.99)
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0.59, 95% CI 0.57–0.62, females: AUCroc of 
WC =0.59, 95%CI 0.57–0.62 and AUCroc of 
BMI 0.57, 95%CI 0.52–0.59, respectively) 
(Table 2).

Sensitivity and specificity
When screening for HT and DM among male 
participants, WC demonstrated low sensitivity 
but high specificity (sensitivity: HT=30.12% 
and DM=34.65%, specificity: HT=83.45% 
and DM=80.62%, respectively). In addition, 
among female participants, WC demonstrated 
low to moderate sensitivity and specificity 
(sensitivity: HT=66.23% and DM=66.85%, 
specificity: HT=52.54% and DM=48.23%, 
respectively).

When the cutoff of BMI was set at 23 kg/m2 

screening for HT and DM in both sexes, results 
demonstrated low to moderate levels for both 
sensitivity and specificity (males: sensitivity for 
HT=56.91% and sensitivity for DM=62.73%, 
specificity for HT=52.92% and specificity 
for DM=51.18%, females: sensitivity for 
HT=66.01% and sensitivity for DM=67.48%, 
specificity for HT=47.45% and specificity for 
DM=44.24%, respectively) (Table 2).

Suggested new cutoff for WC 
for screening hypertension and 
diabetes among male Thais
In order that more of the high-risk population 
can be recruited to participate in health 

Table 2: Area under receiver operating characteristics curve, sensitivity, 
specificity of WC and BMI by sex and by different cutoffs  

when screened for hypertension and type 2 diabetes

WC (cm) BMI (kg/m2)

Hypertension Diabetes Hypertension Diabetes

Male

Asian cutoff 90.25 90.25 23.02 23.02

AUCROC *
95%CI**

0.61
(0.58-0.62)

P<0.001

0.62
(0.59-0.64)

P<0.001

0.57
(0.55-0.58)

P<0.001

0.59
(0.57-0.62)

P<0.001

Sensitivity (%) 30.12 34.65 56.91 62.73

Specificity (%) 83.45 80.62 52.92 51.18

Suggested cutoff 85 85 - -

Sensitivity (%) 51.13 52.25 - -

Specificity (%) 63.31 64.46 - -

Female

Asian cutoff 80.30 80.30 23.01 23.01

AUCROC *
95%CI

0.62
(0.60-0.63)

P<0.001

0.59
(0.57-0.62)

P<0.001

0.58
(0.57-0.60)

P<0.001

0.57
(0.52-0.59)

P<0.001

Sensitivity (%) 66.23 66.85 66.01 67.48

Specificity (%) 52.54 48.23 47.45 44.24

AUCROC * Area under Receiver Operating Characteristics Curve

95%CI** 95% confidence interval
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promotion programmes, the sensitivity for 
screening of WC among male participants 
should be increased. When the cutoff of WC was 
lowered to 85 cm, it was found that sensitivity 
increased from 30.12% to 51.13% when 
screening for HT, and from 34.65% to 52.25% 
when screening for DM, and it made the 
specificity decrease from 83.45% to 63.31% 
and from 80.62% to 64.46% when screening 
for DM and HT, respectively (Table 2).

Strength of associations between 
WC, BMI and hypertension and 
type 2 diabetes
Results from logistic regression analysis when 
stratified by sex, demonstrated significant 
strength of associations. Male participants, who 
had WC >90 cm only, had BMI >23 kg/m2 only, 
and had combination of WC > 90 cm and BMI >23 
kg/m2, were more likely to develop hypertension 
1.63 times (OR=1.63; 95%CI=1.15–2.33), 
1.22 times (OR=1.22; 95%CI=1.03–1.44) 
and 2.03 times (OR=2.03; 95%CI=1.70–2.42) 
times, respectively, when compared with those 
with WC<90 cm, and BMI<23 kg/m2. Moreover, 
they were more likely to develop type 2 diabetes 
1.77 times (OR=1.77; 95%CI= 1.07–2.94), 
1.39 times (OR=1.39; 95%CI=1.05–1.83), 
and 2.05 times (OR=2.05; 95%CI=1.57–2.69), 
respectively, when compared with those with 
WC<90 cm, and BMI<23 kg/m2 (Table 3).

Female participants, who had WC >80 cm 
only, had BMI >23 kg/m2 only and had a 
combination of WC >80 cm and BMI >23 kg/m2, 
were more likely to develop hypertension 1.69 
times (OR=1.69; 95%CI=1.38–2.07), 1.32 
times (OR=1.32; 95%CI=1.09–1.60) and 
2.54 times (OR=2.54; 95%CI=2.21–2.91), 
respectively, when compared with those with 
WC<80 cm, and BMI<23 kg/m2 . Furthermore, 
they were more likely to develop type 2 diabetes 
1.45 times (OR=1.45; 95%CI=1.08–1.94), 
1.45 times (OR=1.45; 95%CI=1.09–1.91), 
and 1.70 times (OR=1.70; 95%CI=1.39–2.02), 

respectively, when compared with those with 
WC<80 cm, and BMI<23 kg/m2 (Table 4).

Among male participants, when lowered 
cutoff of WC to 85 cm, it was found that 
those who had WC >85 cm only, having 
both WC>85 cm and BMI>23 kg/m2, still 
had significant associations with HT and 
DM (for HT: OR=1.64:95%CI 1.15–2.32, 
and OR=2.09: 95%CI 1.55–2.83, for 
DM: OR=1.64: 95%CI 1.15–2.32; and 
OR=2.09;95%CI 1.55–2.83, respectively). 
However, BMI held nonsignificant associations 
with HT and DM. (Table 3)

The results of this study also demonstrated 
higher effects of genetic determinants 
with HT and DM than WC and BMI. Male 
participants, who had family members with 
hypertension and diabetes, were more likely 
to develop hypertension and type 2 diabetes 
2.66 times (OR=2.66; 95%CI=2.16–3.26) 
and 4.06 times (OR=4.06; 95%CI 3.06–
5.38), respectively, compared with those 
who did not. Female participants, those 
who had family members with hypertension 
and type 2 diabetes were more likely to 
develop these two diseases 2.15 times 
(OR=1.87:95%CI=1.87–2.48) and 3.20 
times (OR=3.70: 95%CI=2.68–3.93), 
respectively, compared with those who did 
not (Tables 3, 4).

Discussion
Among this study population, independently 
high WC and high BMI demonstrated lower 
significant strength of associations with HT 
and DM than the combination of high WC 
and BMI , even though, moderate correlation 
between WC and BMI was found. These 
findings were consistent with the reported 
analysis among Chinese adults, Japanese 
men, and young adults in Jamaica14–16 and 
also in Thailand.17
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The high specificity (83.45%) and low 
sensitivity (30.12%) of WC among male 
participants implied that WC at 90 cm could 
screen those who did not have hypertension 
and type 2 diabetes better than screening 
for those who have hypertension and type 2 
diabetes. In the meantime, high specificity can 
also produce high false negatives which lead 
to the exclusion of the high risk population to 
participate in health promotion programmes. 
In fact, it is desirable to choose a screening 
tool that has high values for both sensitivity 
and specificity but it is rather difficult to 
find such screening tools.13 If not, screening 
tools with high sensitivity are preferable for 
screening of these two chronic diseases when 
a false positive is better than a false negative. 
This is because including participants with 

false positives in a high risk population to 
attend health promotion programmes can do 
no harm and is better than to leave them out 
with other biological risk factors.

When this analysis lowered the cutoff of 
WC to 85 cm among male participants, the 
sensitivity increased when using screens for 
both HT and DM; this will also increase the 
number of participants in health promotion 
programmes, even though the strength of 
association (ORs) did not change much.

From this analysis, it was also found 
that WC had significantly better accuracy 
for screening for HT than BMI both in male 
and female participants, but both WC and 
BMI still had quite low screening accuracy 
(AUCroc= 0.57–0.62). This suggests that those 

Table 3: Adjusted odds ratio (OR) and 95% confidence interval (95%CI)  
for hypertension and diabetes by cutoffs of WC and BMI  

among male participants

Hypertension* Type 2 diabetes**

Adjusted***
OR (95%CI)

Adjusted***
OR (95%CI)

Cutoffs WC 90 cm,
BMI 23 kg/m2

WC 85 cm,
BMI 23 kg/m2

WC 90 cm,
BMI 23 kg/m2

WC 85 cm,
BMI 23 kg/m2

Normal WC and 
normal BMI

1**** 1**** 1**** 1****

High WC and  
normal BMI

1.63
(1.15-2.33)

1.65
(1.35-2.02)

1.77
(1.07-2.94)

1.64
 (1.15-2.32)

High BMI
and normal WC

1.22
(1.03-1.44)

1.30
(0.98-1.73)

1.39
(1.05-1.83)

1.52
(0.94-2.45)

High WC and high 
BMI

2.03
(1.70-2.42)

1.97
(1.66-2.35)

2.05
(1.57-2.69)

2.09
(1.55-2.83)

Having family 
member with HT 
or DM
No
Yes

1****
2.66

(2.16-3.26)

1****
2.70

(2.20-3.31)

1****
4.06

(3.06-5.38)

1****
3.75

(2.99-4.80)

*Hypertension is defined as SBP>140 mmHg or DBP >90 mmHg or current use of antihypertensive medication
**DM is defined as fasting blood glucose > 126 mg/dl. or current use of antidiabetes medication
***Adjusted ORs (95%CI) when controlling for all variables in table including age in years, living areas, cigarette 
smoking, alcohol drinking, exercise habits.
****Reference group
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with normal WC and normal BMI should be 
taken into consideration by other means to 
screen for other risk factors for HT and DM. 
However, both WC and BMI are quite good 
as monthly self monitoring tools for HT and 
DM.18 In some provinces in Thailand, they 
have used risk scores to assess the risk to 
develop hypertension and type 2 diabetes of 
which WC and BMI were the two components 
among others.

Hypertension and diabetes have genetic 
determinants,19,20 and the results from this 
analysis also showed a higher strength of 
associations of genetic factors compared with 
environmental factors or lifestyle behavioural 
factors among this group of study population. 
It confirmed that having genetic factors 
with HT and DM should be one among other 
screening criteria.

Studies have reported that HT and DM 
had an ubiquitous association, and diabetes 
may be linked to increased peripheral 
vascular resistance of hypertension, or 
anti-hypertensive drugs can influence the 
probability of the occurrence of metabolic 
syndrome.21,22 This analysis found 21.92% of 
the study population had both HT and DM. This 
association needs further follow-up studies to 
conclude that HT and DM might be risk factors 
for each other.

Cross-sectional associations usually have 
limitations to explain the causal relationship 
between risk factors and disease. This study 
only intended to suggest appropriate screening 
and self-monitoring tools, and to be concerned 
for those who had normal WC and BMI with 
high biological intermediate risk factors by 
leaving them out of the health promotion 
programmes.

Table 4: Adjusted odds ratio (OR) and 95% confidence interval ( 95%CI) for 
hypertension and diabetes by cutoffs of WC and BMI  

among female participants

Cutoffs
WC=80 cm
BMI = 23 kg/m2

Hypertension* Type 2 diabetes**

Adjusted***

OR (95%CI)
Adjusted***

OR (95%CI)

Normal WC and normal BMI 1**** 1****

High WC and normal BMI 1.69
(1.38–2.07)

1.45
(1.08–1.94)

High BMI and normal WC 1.32
(1.09–1.60)

1.45
(1.09–1.91)

High WC and high BMI 2.54
(2.21–2.91)

1.70
(1.39–2.09)

Having family member with 
HT or DM

No 1**** 1****

Yes 2.15
(1.87–2.48)

3.20
(2.68–3.81)

*Hypertension is defined as SBP>140 mmHg or DBP > 90 or current use of antihypertensive medication
**DM is defined as fasting blood glucose > 126 mg/dl. or current use of anti diabetes medication
***Adjusted ORs (95%CI) when controlling for all variables in table including age in years, living areas, cigarette 
smoking, alcohol drinking, exercise habits.
****Reference group
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However, in developing countr ies 
where the national budget is quite limited, 
health screening programmes with simple, 
inexpensive, easy to implement screening 
tools have been usually provided. Screening 
programmes for biological factors such as 
blood cholesterol level, triglyceride, fasting 
blood glucose, and good health education 
with health promotion programmes to modify 
health behaviours should also be continuously 
provided in order to reduce the occurrence 
and budget for treatment of these chronic 
diseases.

Conclusion
Accuracy of WC with cutoff 90 cm for males and 
80 cm for females and BMI at 23 kg/m2 when 
screened for HT and DM is not high. This study 
suggests lowering the cutoff for WC from 90 
cm to 85 cm for male participants in order to 
include more participants in health promotion 
programmes. Strength of association between 
undesirable WC and BMI with HT and DM 
was significantly high, but not as high as 
genetic predisposing. Annual health checkups 
to identify biological factors resulting from 
unhealthy lifestyle are highly recommended 
as not to solely depend on anthropometric 
indicators for developing countries.
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