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Abstract

Introduction

Hypertension (HT) is a major non-communicable disease worldwide and a growing global
public health problem. Although several studies have investigated the independent associa-
tions of neck circumference (NC) and hypertension, no such studies have been conducted
among the Thai population.

Aim
This study aims to identify risk factors associated with hypertension, which may be used to

predict HT among asymptomatic adults residing in a remote rural community in central
Thailand.

Method

1,084 adults were included in this community-based cross-sectional study by a population-
based total survey. The participants were included those who had been living in 6 villages in
the rural community in the central area of Thailand. Anthropometric information, NC, body
composition indexes such as waist circumference and blood pressure were measured.
Logistic regression models were fitted to calculate the multi-variable adjusted prevalence
and the association of NC with HT.

Result

The prevalence of HT among adults in the rural community was 27.7% (95% CI: 25.0-30.3).
Of the 300 adults with HT, 164 participants (54.7%) were found within the unawareness HT
category. We found that associated factors with HT were included larger neck
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circumference both continuous and categorical (> 37.5 in male, > 32.5 in female), pre-exist-
ing diabetes mellitus, male, and higher body mass index.

Conclusion

Almost one-third of participants in the remote rural areas presented hypertension. NC was
associated with HT independent from other risk factors. NC is a simple and useful anthropo-
metric index to identify HT in rural Thai adults.

Introduction

Hypertension (HT) is a major non-communicable disease worldwide. Moreover, it is con-
firmed that HT also leads to cardiovascular complications and deaths [1]. High blood pressure
is associated with atherosclerotic cardiovascular diseases (ASCVD) including stroke, ischemic
heart disease, and peripheral vascular disease [2, 3]. The number of adults with elevated blood
pressure (BP) rose from 594 million in 1975 to 1.13 billion in 2015; 258 million of whom were
living in South Asian countries [4]. The previous report of the 5™ Thai National Health Exami-
nation Survey (NHES V) conducted in 2014 reported that the overall prevalence of HT in
Thailand was 25.6% and 23.9% in males and females, respectively. Almost half of adult Thais
(44.7%) with HT were not even aware of their abnormal blood pressure [5]. Previous studies
show that there are traditional and modifiable risk factors associated with HT including physi-
cal activities, smoking, alcohol consumption, stress, dietary behavior, and body mass index
(BMI) [6]. Additionally, the recent studies reported that neck circumference (NC) was a simple
anthropometric marker that correlated with free fatty acids, insulin resistance, very-low-den-
sity lipoprotein cholesterol (VLDL), and high BP level [7, 8]; moreover, another study recom-
mended using NC as an additional screening tool for predicting cardiovascular risk [9].

However, in Thailand, when comparing access to health services in urban versus rural
areas; there are more limitations for remote rural areas. Only limited information is available
on factors potentially responsible for hypertension in remote rural communities. The required
information is essential to focus on attenuating the problems. Improving awareness of hyper-
tension and control will help to reduce any complications including metabolic syndrome and
ASCVD. The objectives of this study were to determine HT and identify risk factors for HT
among adults of a remote rural community in the central area of Thailand. Furthermore, we
expect to find some valuable measurement of NC, which may be associated with hypertension
in asymptomatic adults.

Materials and methods
Study design and population

This study was conducted in a rural community in the central area of Thailand, 180 km, from
Bangkok Metropolitan: Phra Phloeng rural community in Sa Kaeo province. A cross-sectional
study was performed in December 2016. A population-based total survey was used to collect
the information from 3,700 participants. The participants were included those who had been
living in 6 villages in Phrapleung. All of the participants were interviewed. Inclusion criteria
were defined as adult people aged 20 years or more who resided in the community at the time
the study was performed. Women who were pregnant more than 20 weeks or postpartum less
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than 6 weeks and those who were previously diagnosed with secondary hypertension were
excluded.

The questionnaire was designed to record information from the participants, covered infor-
mation on demographics, self-reported pre-existing comorbidities including diabetes mellitus
(DM), dyslipidemia (DLP), smoking, alcohol consumption, physical activity based on the
Global Physical Activity Questionnaire as recommended by WHO that recommend physical
activity achieving at least 600 MET-minutes. DM and DLP were the patient’s comorbidities
that were previously diagnosed by a health care professional or used those medications. Ex-
smoking and Ex-drinker were defined as smoke-free and alcohol-free for 12 months. Non-
smoker and Non- drinkers were patients who have never smoked and drunk alcohol in his or
her lifetime.

1,084 adults were included in the study. The participants were recruited by having the
researcher team visit their homes by door-knocking. The face-to-face interviews using stan-
dard questionnaires were used to obtain information from the participants.

Clinical and laboratory parameters

Measurements were made using a standardized protocol. Bodyweight was determined without
shoes and lightly clothed using an automatic electronic scale to the nearest 100 g. Height was
measured without shoes to the nearest 0.5 centimeters. Waist circumference (WC) was mea-
sured after full expiration by using tape mid-way between the lowest rib and the top of the iliac
crest. To measure NG, the participants were asked to extend their heads slightly and placed
tape around the neck at the level of the Thyroid bone. Measure to be attached to the waist and
neck fit, not too loose or too tight, and parallel with the ground. NC was categorized into two
groups, i.e., normal (<37.5 cm in men) and <32.5 cm in women) and obesity (>37.5 cm in
men and >32.5 in women) [10]. BMI was calculated as body weight in kilogram divided by
height in meters squared (m?) according to the criteria of the World Health Organization
(WHO). We categorize the BMI as the WHO recommended cut-points for BMI categories in
Asian populations as follows: 23-24.9 kg/m?, and >25 kg/m” for overweight and obese [11].
The abdominal obesity as WC > 90 cm for men and > 80 cm for men women, according to
the WHO-modified definitions for Asians [12].

HT was defined by The Seventh Report of the Joint National Committee on the Prevention,
Detection, Evaluation, and treatment of High Blood Pressure (JNC’s seventh hypertension
guidelines) as high BP (SBP>140mmHg or DBP>90mmHg) and/or use of antihypertensive
medication [13]. BP measurements were performed using mercury sphygmomanometers. The
operators were trained in the standardized technique. Participants were advised to sit quietly
for at least five minutes in a chair, with feet on the floor and arms supported at heart level.
Patients avoided caffeine, smoking, and exercise for at least 30 minutes before being measured.
At least two measurements were made, and the average was recorded. Unawareness of HT was
defined as not having self-reported any prior diagnosis of HT by a health care professional
among the participants defined as having HT [14]. Treatment of HT was defined as using an
antihypertensive drug prescribed by a healthcare professional.

Statistical analysis

Data analyses were done using SPSS Statistics 22.0 and STATA/SE ver.11.0 program. We use
descriptive statistical analysis to describe the prevalence, percentage, mean and SD, and ana-
Iytic statistical analysis for associated factors by using univariate analysis with logistic regres-
sion analysis to determine the relationship between the exposures and outcome

(hypertension) by presenting the magnitude of association with Crude odds ratio, at the 95%
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confidence intervals and p-value <0.05. Then, analyzing risk factors by controlling the poten-
tial confounding factors by multivariate analysis using multiple logistic regression analysis and
presenting the relationship with Adjusted odds ratio. Confidence intervals, at the 95% level,
were also reported for each adjusted odds ratio and p-value <0.05.

This study was approved by the Ethical Committee of the Royal Thai Army, Medical
Department (approval number: 2559/67). The written informed consents were obtained from
all participants in agreement with the WMA Declaration of Helsinki-Ethical principles for
medical research involving human subjects.

Results
General characteristic of participants

The data was collected from the participants by using face-to-face interviews in December
2016. Table 1. Illustrates the demographic characteristics of participants. In total, there were
1,084 participants, 435 (40.1%) comprised males and 649 (59.9%) were females. Most of the
participants were 50-59 years (28.7%). The average age of the population studied was

54.5 + 13.1 years (range 20 to 97). The average NC of all participants was 34.5 + 2.7 cm. The
prevalence of HT among adults in a rural community was 27.7% (95% CI: 25.0-30.3). Of the
300 adults with HT, 66 participants (22%) were treated for HT while 164 participants (54.7%)
were found within the unawareness HT category. To compare males and females, the preva-
lence of HT was 31.5% and 25.1%, respectively.

Factors associated with hypertension

Table 2 illustrates univariate analysis for factors associated with HT. We found that females,
old age (> 60 years old), BMI, WC, NC, occupation (agriculture, merchant, and unemployed),
pre-existing diabetes mellitus, and pre-existing dyslipidemia were correlated with HT. Table 3
illustrate the models of multivariate analysis for factors associated with HT stratified by gender
for the continuous and categorical variables of NC (continuous (model A) and categorical
(model B). We found that NC both continuous and categorical variables are strongly signifi-
cant with HT in all models.

In model A, NC as the continuous variable was used in the analysis. After adjusting for
neck circumference (continuous variable), gender, age, pre-existing diabetes mellitus, and pre-
existing dyslipidemia (model A4), the adjusted odds ratio (aOR) along with the 95% confi-
dence interval (95%CI) of association between NC and HT was 1.10 (1.04-1.71). Further, the
WC or BMI was added for adjusting in models A5 (WC) and A6 (BMI), we found that NC and
pre-existing diabetes mellitus were statistically significantly associated with HT. The aOR and
95%ClI of NC and pre-existing diabetes mellitus in model 5 and model 6 were 1.10 (1.04-1.11),
1.76 (1.07-2.89), 1.11 (1.05-1.78), and 1.83 (1.10-3.03), respectively. In addition, sub-analysis
stratified by gender was performed. Among male participants, NC and pre-existing diabetes
mellitus were associated with HT and among female participants, NC and pre-existing dyslipi-
demia were associated with HT in model A4-6.

In model B, NC as the categorical variable was used in the analysis. After adjusting for neck
circumference (categorical variable), gender, age, pre-existing diabetes mellitus, and pre-exist-
ing dyslipidemia (model B4), the adjusted odds ratio (aOR) along with the 95% confidence
interval (95%CI) of association between NC (> 37.5 in males, >32.5 in females) and HT was
2.20 (1.53-3.14). Same as model A, the WC or BMI was added for adjusting in models B5
(WC) and B6 (BMI). We found that the factors associated with HT were include NC
(aOR = 1.93 (1.30-2.89)), female (aOR = 0.57 (0.40-0.82)), and pre-existing diabetes mellitus
(aOR = 1.71 (1.02-2.85)) in model B5 (WC) and NC (aOR = 1.76 (1.14-2.70)), female
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Table 1. General characteristics of participants enrolled into the study.

Characteristics Non-hypertension Hypertension Total (n = 1,084)
n (%) n (%) n (%)
Gender
Male 298 (68.5) 137 (31.5) 435 (40.1)
Female 486 (74.9) 163 (25.1) 649 (59.9)
Age (years) (mean + SD) 53.8+13.4 56.5+12.2 54.5+13.1
Age (years)
20-29 29 (85.3) 5(14.7) 34 (3.1)
30-39 72 (76.6) 22 (23.4) 94 (8.7)
40-49 207 (78.4) 57 (21.6) 264 (24.4)
50-59 219 (70.4) 92 (29.6) 311 (28.7)
60-69 155 (65.7) 81 (34.3) 236 (21.9)
70-79 82 (71.3) 33 (28.7) 115 (10.6)
>80 20 (66.7) 10 (33.3) 30 (2.8)
Education level
Illiterate 97 (76.4) 30 (23.6) 127 (11.7)
Primary school 84 (73.7) 30 (26.3) 114 (10.5)
Secondary school 581 (71.5) 232 (28.5) 813 (75)
University 22 (73.3) 8(26.7) 30 (2.8)
Occupations
Agriculture 405 (68.4) 187 (31.6) 592 (54.6)
Unemployed 112 (70.9) 46 (29.1) 158 (14.6)
Employee 50 (76.9) 15 (23.1) 65 (6)
Merchant 23 (65.7) 12 (34.3) 35(3.2)
Officer 12 (92.3) 1(7.7) 13(1.2)
Others 182 (82.4) 39 (17.6) 221 (20.4)
Smoking
Non-smoker 541 (74.5) 185 (25.5) 726 (67.0)
Ex-smoker 101 (67.8) 48 (32.2) 149 (13.7)
Smoker 142 (67.9) 67 (32.1) 209 (19.3)
Alcohol drinking
Non-drinker 392 (73.5) 141 (26.5) 533(49.2)
Ex-drinker 156 (71.9) 61 (28.1) 217 (20.0)
Alcoholic 236 (70.7) 98 (29.3) 334 (30.8)
BMI (kg/mz) (mean + SD) 23.8+£3.9 253+44 242+ 4.1
BMI (kg/m?)
<185 52 (74.3) 18 (25.7) 70 (6.5)
18.5-22.99 310 (80.7) 74 (19.3) 384 (35.4)
23-24.99 167 (71.7) 66 (28.3) 233 (21.7)
25-29.99 202 (67.1) 99 (32.9) 301 (27.8)
> 30 53 (55.2) 43 (44.8) 96 (8.9)
Waist circumference (cm) (mean * SD) 83.3+9.5 87.7 +10.9 84.5+10.1
Waist circumference (cm)
Normal (< 90 in male, < 80 in female) 402 (78.2) 112 (21.8) 514 (47.4)
Obesity (> 90 in male, > 80 in female) 382 (67) 188 (33) 570 (52.6)
Neck circumference (cm) (mean + SD) 343+24 352+32 345+2.7
Neck circumference (cm)
< 37.5 in male, < 32.5 in female 388 (75.8) 124 (24.2) 512 (47.2)
(Continued)
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Table 1. (Continued)

Characteristics

> 37.5 in male, > 32.5 in female
Comorbidities

Pre-existing diabetes mellitus

Pre-existing dyslipidemia

https://doi.org/10.1371/journal.pone.0256260.t001

Non-hypertension Hypertension Total (n = 1,084)
n (%) n (%) n (%)
396 (69.20) 176 (30.8) 572 (52.8)
55 (53.9) 47 (46.1) 102 (9.41)
74 (54.4) 62 (45.6) 136 (12.55)

(aOR = 0.55 (0.38-0.79)), pre-existing diabetes mellitus (aOR = 1.86 (1.01-3.10)), BMI: 23-
24.9 kg/m* (aOR = 2.25 (1.12-4.52)), and BMI > 30 kg/m” (aOR = 1.89 (1.20-2.98)) in model
B6 (BMI). Although Neck circumference is related to hypertension in all models regardless of
adjusting WC or BMI, the correlation between higher neck circumference (> 37.5 cm. in
male, >32.5 cm. in female) and HT tended to decrease after adjusting WC or BMI. Sub-analy-
sis stratified by gender also performed in model B and NC was associated with HT in all mod-
els. In addition, pre-existing diabetes mellitus and BMI >30 kg/m” were associated with HT
among male participants (model B6).

Discussion

The study aimed to determine the prevalence and associated factors of HT in a Thai remote
rural community, especially higher neck circumference. The prevalence of HT in this study
was 27.7%. To compare with the prevalence of HT in NHES V in 2014 [5], the results in the
present study are relatively high. One potential explanation for this higher percentage is in this
area, working-age adults were working temporarily in urban cities. Obviously, most of the
population is older than 50 (63.8%). In addition, the Thai NHES V was conducted in urban
and suburban areas, differing from the study in a remote rural community. We found that the
prevalence of HT among adults in other rural areas in Asian countries differs from our finding
in this study. Some countries like India [15] and Vietnam [6] indicated that the prevalence of
HT was 25% and 20.8% respectively, while the studies in Myanmar [16] and China [17] show a
higher prevalence of HT when compared with our report. The latest previous study of a Thai
rural area in 2006 [18] reported that the prevalence of HT among adults in rural areas was
18.0%, which was lower than our findings. It might be because of a change of dietary habits,
economic development, and lifestyle to be more urban.

Furthermore, we found that 54.7% of adults with HT were unaware of their high blood
pressure. Similar to the other studies reported in Asia, the unawareness of HT was also higher
than 50% among people at risk [19]. Compared to the unawareness HT in Thai NHES V [5] of
44.7%, the findings in this remote rural community were relatively high. This phenomenon
can be explained by the difference of context in the area. Firstly, in the rural community, the
people may have difficultly accessing the health care system; moreover, the people may have
not enough health literacy, especially for HT [20]. Additionally, the low socioeconomic status
in rural areas may also explain this situation [21].

Our study found that higher neck circumference, gender, and pre-existing diabetes mellitus
are associated with HT. The prevalence of HT in females is lower than that in males. There
were several studies [22, 23] reported that females tend to have lower rates of HT than males.
However, the postmenopausal stage in which estrogen is depleted plays a major role in vasodi-
lation resulting in increased blood pressure in elderly females [24]. Moreover, the previous
study of Everett B et al. showed that females may be more aware of their diseases and therefore
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Table 2. Univariate logistic regression analysis to assess relationships between associated risk factor and hyper-

tension in the rural communities in Thailand.

Crude Odds ratio 95% CI* p-value

Gender

Male 1.00

Female 0.73 0.56-0.96 0.022
Age (10 years) 1.17 1.06-1.29 0.003
Age

20-39 1.00

40-59 1.31 0.83-2.10 0.256

> 60 years old 1.81 1.12-2.90 0.015
Body Mass Index (kg/m?)

<23 1.00

23-24.99 1.56 1.08-2.24 0.018

25-29.99 1.93 1.38-2.69 <0.001

>30 3.19 2.01-5.07 <0.001
Body Mass Index (kg/mz) (continuous variable) 1.09 1.06-1.12 <0.001
Waist circumference (cm)

Normal (< 90 in male, < 80 in female) 1.00

obesity (> 90 in male, > 80 in female) 1.77 1.35-2.32 <0.001
Waist circumference (cm) (continuous variable) 1.05 1.03-1.06 <0.001
Neck circumference (cm)

< 37.5in male, < 32.5 in female 1.00

> 37.5 in male, > 32.5 in female 1.39 1.06-1.82 0.020
Neck circumference (cm) (continuous variable) 1.11 1.05-1.16 <0.001
Occupation

Others 1.00

Agriculture 2.16 1.46-3.17 <0.001

Employee 1.40 0.71-2.74 0.327

Merchant 2.44 1.12-5.31 0.025

Officer 0.39 0.05-3.08 0.371

Unemployed 1.98 1.18-3.12 0.009
Smoking

Non-smoker 1.00

Ex-smoker 1.39 0.95-2.04 0.091

Smoker 1.38 0.99-1.93 0.060
Alcohol drinking

Non-drinker 1.00

Ex-drinker 1.09 0.76-1.55 0.643

Alcoholic 1.15 0.85-1.57 0.355
Pre-existing diabetes mellitus 2.18 1.44-3.32 <0.001
Pre-existing dyslipidemia 2.22 1.53-3.23 <0.001
Activity

Not recommend (< 600 MET**-minutes per week) 1.00

Recommend (> 600 MET-minutes per week) 0.85 0.64-1.14 0.279
Family history of hypertension 1.25 0.89-1.75 0.193
*CI: Confidence Interval;
**MET: Metabolic Equivalent.
https://doi.org/10.1371/journal.pone.0256260.t002
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Table 3. Multivariate logistic regression analysis to assess relationships between associated risk factor and hypertension stratify by gender (male, female and total).

Male Female All
Model A: Neck circumference as continuous variable aOR* 95%CI** p-value | aOR* 95%CI** p-value | aOR* 95%CI** p-value
Model A1
Neck circumference (cm) 1.12 1.03-1.21 0.007 1.10 1.02-1.19 0.011 1.11 1.05-1.18 <0.001
Female 1.08 0.75-1.55 0.674
Model A2
Neck circumference (cm) 1.13 1.04-1.23 0.004 1.10 1.03-1.20 0.009 1.12 1.06-1.19 <0.001
Female 1.13 0.79-1.62 0.784
Age (10 years) 1.01 0.99-1.03 0.152 1.02 1.00-1.03 0.030 1.02 1.00-1.03 0.011
Model A3
Neck circumference (cm) 1.12 1.02-1.22 0.011 1.10 1.02-1.19 0.014 1.11 1.05-1.18 <0.001
Female 1.05 0.73-1.52 0.728
Age (10 years) 1.01 0.99-1.03 0.424 1.01 0.99-1.03 0.076 1.01 0.99-1.02 0.060
Pre-existing diabetes mellitus 2.81 1.24-6.38 0.013 1.99 1.00-3.11 0.047 2.06 1.30-3.27 0.002
Model A4
Neck circumference (cm) 1.12 1.03-1.22 0.010 1.09 1.01-1.18 0.020 1.10 1.04-1.71 0.001
Female 1.01 0.69-1.46 0.957
Age (10 years) 1.01 0.99-1.03 0.405 1.01 0.99-1.02 0.164 1.01 0.99-1.02 0.105
Pre-existing diabetes mellitus 2.95 1.22-7.13 0.016 1.35 0.73-2.50 0.334 1.76 1.07-2.89 0.026
Pre-existing dyslipidemia 0.88 0.34-2.00 0.757 1.84 1.07-3.17 0.026 1.46 0.93-2.29 0.096
Model A5
Neck circumference (cm) 1.12 1.03-1.22 0.009 1.09 1.01-1.18 0.020 1.10 1.04-1.71 0.001
Female 1.01 0.69-1.46 0.967
Age (10 years) 1.01 0.99-1.03 0.318 1.01 0.99-1.03 0.162 1.01 0.99-1.02 0.091
Pre-existing diabetes mellitus 3.01 1.24-7.31 0.015 1.35 0.73-2.51 0.335 1.76 1.07-2.89 0.027
Pre-existing dyslipidemia 0.83 0.36-1.91 0.659 1.84 1.07-3.17 0.026 1.44 0.99-2.27 0.106
Waist circumference (cm) 0.99 0.97-1.00 0.174 0.99 0.98-1.01 0.868 0.99 0.98-1.00 0.325
Model A6
Neck circumference (cm) 1.13 1.04-1.24 0.006 1.10 0.01-1.19 0.023 1.11 1.05-1.78 0.001
Female 0.96 0.66-1.41 0.857
Age (10 years) 1.01 0.99-1.03 0.193 1.01 0.99-1.03 0.298 1.01 0.99-1.02 0.099
Pre-existing diabetes mellitus 2.72 1.13-6.61 0.026 1.47 0.79-2.77 0.220 1.83 1.10-3.03 0.019
Pre-existing dyslipidemia 0.81 0.35-1.86 0.621 1.86 1.07-3.22 0.026 1.43 0.91-2.25 0.123
Body Mass Index (kg/mz) 0.99 0.98-1.01 0.549 0.99 0.98-1.02 0.961 0.99 0.98-1.00 0.590
Model B: Neck circumference as categorical variable
Model B1
Neck circumference (cm)
<37.5in male, < 32.5 in female 1.00 1.00 1.00
> 37.5 in male, >32.5 in female 2.90 1.74-4.83 <0.001 1.95 1.23-3.09 0.004 2.34 1.65-3.31 <0.001
Female 0.59 0.42-0.83 0.003
Model B2
Neck circumference (cm)
<37.5 in male, < 32.5 in female 1.00 1.00 1.00
> 37.5 in male, >32.5 in female 3.07 1.82-5.19 <0.001 1.99 1.25-3.16 0.003 2.42 1.70-3.44 <0.001
Female 0.59 0.42-0.84 0.003
Age (10 years) 1.01 0.99-1.03 0.114 1.02 1.00-1.03 0.051 1.01 1.00-1.03 0.015
Model B3
Neck circumference (cm)

(Continued)
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Table 3. (Continued)

Male Female All
Model A: Neck circumference as continuous variable aOR* 95%CI** p-value | aOR* 95%CI"** p-value | aOR* 95%CI** p-value
<37.5 in male, < 32.5 in female 1.00 1.00 1.00
> 37.5 in male, >32.5 in female 2.72 1.59-4.66 <0.001 1.91 1.20-3.05 0.006 2.27 1.59-3.23 <0.001
Female 0.58 0.41-0.83 0.003
Age (10 years) 1.01 0.99-1.03 0.333 1.01 0.99-1.03 0.096 1.01 0.99-1.02 0.060
Pre-existing diabetes mellitus 2.53 1.12-5.74 0.026 1.54 0.89-2.67 0.120 1.81 1.15-2.84 0.010
Model B4
Neck circumference (cm)
<37.5 in male, < 32.5 in female 1.00 1.00 1.00
> 37.5 in male, >32.5 in female 2.71 1.58-4.64 <0.001 1.82 1.14-2.91 0.012 2.20 1.54-3.14 <0.001
Female 0.57 0.40-0.81 0.002
Age (10 years) 1.01 0.98-1.03 0.347 1.01 0.99-1.03 0.212 1.01 0.99-1.02 0.115
Pre-existing diabetes mellitus 2.44 1.02-5.84 0.046 1.18 0.65-2.16 0.584 1.51 0.93-2.46 0.098
Pre-existing dyslipidemia 1.10 0.49-2.47 0.809 1.83 1.07-3.14 0.027 1.54 0.99-2.41 0.055
Model B5
Neck circumference (cm)
<37.5 in male, < 32.5 in female 1.00 1.00 1.00
> 37.5 in male, >32.5 in female 1.95 1.02-3.74 0.042 1.86 1.12-3.10 0.017 1.93 1.30-2.89 0.001
Female 0.57 0.40-0.82 0.002
Age (10 years) 1.01 0.98-1.03 0.161 1.01 0.99-1.02 0.331 1.01 0.99-1.02 0.095
Pre-existing diabetes mellitus 2.33 0.91-5.94 0.077 1.48 0.79-2.75 0.219 1.71 1.02-2.85 0.040
Pre-existing dyslipidemia 0.97 0.42-2.23 0.950 1.64 0.94-2.86 0.080 1.38 0.87-2.19 0.165
Waist circumference (cm)
Normal (< 90 in male, < 80 in female) 1.00 1.00 1.00
obesity (> 90 in male, > 80 in female) 1.10 0.93-1.34 0.346 1.17 0.85-1.39 0.470 1.12 0.90-1.23 0.305
Model B6
Neck circumference (cm)
<37.5 in male, < 32.5 in female 1.00 1.00 1.00
> 37.5 in male, >32.5 in female 2.01 1.10-4.12 0.038 1.82 1.12-3.10 0.017 1.76 1.14-2.70 0.010
Female 0.55 0.38-0.79 0.001
Age (10 years) 1.01 0.99-1.03 0.257 1.01 0.99-1.03 0.292 1.01 0.99-1.02 0.090
Pre-existing diabetes mellitus 3.11 1.18-8.15 0.021 1.41 0.75-2.63 0.284 1.86 1.01-3.10 0.018
Pre-existing dyslipidemia 0.95 0.40-2.21 0.899 1.72 0.98-3.00 0.057 1.37 0.87-2.17 0.176
Body Mass Index (kg/m?)
<23 1.00 1.00 1.00
23-24.99 3.15 0.76-8.18 0.318 1.43 0.48-4.28 0.524 2.25 1.12-4.52 0.022
25-29.99 1.78 0.84-3.79 0.131 1.45 0.75-2.79 0.268 1.55 0.95-2.55 0.080
>30 3.54 1.64-7.62 0.001 1.31 0.75-2.31 0.343 1.89 1.20-2.98 0.006

*aOR: adjusted odds ratio;
**CI: Confidence Interval;

Multivariate logistic regression analysis, Backward Wald method (Model A: neck circumference as continuous variable and Model B: neck circumference as categorical

variable)

https://doi.org/10.1371/journal.pone.0256260.t003
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more likely to access the health care service when compared with males [22]. Furthermore,
there are differences in RAS system receptors in gender which affect blood pressure. As angio-
tensin II type 2 receptor (AT2) has a role in cardioprotective effect, in general, there are more
AT?2 expressions in females than those in males, resulting from sex chromosome complement
and estrogen [25].

In our study, the participants who have high neck circumference both continuous and cate-
gorical (> 37.5 in males, > 32.5 in females) variables were more likely to have HT. Similar to a
related study in the US, the Framingham Heart Study, which followed 2,732 peoples for 10
years (1995-2008) reported that higher neck circumference was associated with HT and all
cardiometabolic risk factors [7]. A recent study in Thailand showed that high neck circumfer-
ence was associated with an increase of blood pressure resulting in uncontrolled HT [8] The
phenomenon can be explained by a significant correlation between NC and a pathogenic fatty
deposit [7]. Moreover, the previous study by Koutsari et al. [26] described that upper-body
obesity provides excessive adipose tissue lipolysis which leads to high oxidative stress, stimu-
lates endothelial cell dysfunction and vascular injury, resulting in increased blood pressure.
Additionally, the previous studies found that NC was related to obstructive sleep apnea (OSA),
which was significantly associated with HT [27]. The mechanisms that influenced the
increased risk for HT in OSA patients were pro-inflammatory effect, increased oxidative stress,
and increase vascular stiffness.

WC and BMI are obviously used as a measure of obesity and risk assessment for CVD risk
in clinical guidelines. Furthermore, several studies were found that waist circumference is sig-
nificantly associated with increased blood pressure [28]. Although prior studies report that the
cardio-metabolic risk can be predicted by WC and waist-to-hip ratio (WHR) [29], measuring
is difficult due to the position to measure, fullness and clothing [30]. NC measurement is con-
venient; moreover, the measurement is constant and time-saving. The previous study [31]
examined the association between NC and HT. It found that NC was strongly associated with
HT, and the association became less magnitude of association after adjusting for BMI or NC.
Moreover, the recent study suggests that the sensitivity, specificity, positive and negative pre-
dictive values of NC are better than WC in the marker of excessive fat tissue deposition which
correlated with HT risk factors [32].

DM and HT usually co-exist in the patient. However, it is difficult to tell distinctly the
mechanisms of DM that cause hypertension and mechanisms of hypertension that lead to DM
because they are so similar, and it is difficult to clarify the initiative of each mechanism. DM
can be the cause of hypertension due to several mechanisms including hyperinsulinemia,
hyperglycemic crisis, and vascular dysfunction [33]. Hyperinsulinemia may lead to vascular
injury and promote the vascular remodeling process resulting in vascular dysfunction [34].
Likewise, in hyperglycemia and hyperglycemic crisis, there are oxidative stress and inflamma-
tion which lead to cellular and endothelial dysfunction [34].

Limitation of the study

One of the limitations of our study was it could not determine a temporal relationship because
the study employed a cross-sectional design. Even though our study used standard measure-
ment of HT, the masked HT may have resulted from the prevalence of HT in the study. Our
study cannot be generalized to the whole country but may reflect challenges to patients resid-
ing in rural communities of Thailand. All exposures were self-reported and did not include
blood biochemical data. Therefore, there might cause a recall bias. Nevertheless, this study
used face-to-face interviews. So, this bias might also exist in this study. Due to the unavailable
of data, we cannot investigate the effect of the anti-hypertensive drug on the relationship
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between NC and hypertension. We suggest the further study should take this issue into
account by making an adjustment or analysis in a separate population of untreated and treated
with the anti-hypertensive drug. The last limitation was that more than one-half of the partici-
pants were elderly working-age people immigrating to urban areas, causing the prevalence of
high BP to be higher than it normally should be.

Conclusions

In conclusion, almost one-third of participants in the remote rural community presented HT,
and one-half of adults with HT were unaware of their condition. We identified potential risk
factors for HT including being male, pre-exciting DM, especially and NC. The findings from
this study confirmed that NC was associated with HT independent from other risk factors.
Effective public health interventions including weight management, glycemic control, and
suitable lipid profile should be provided to people in the rural community. Eventually, educa-
tion concerning HT and its complications should be implemented in rural communities to
attenuate HT and cardiovascular sequelae.
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