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Abstract: Overweight and obesity are increasing public health problems recognized 
worldwide and rural population is not less affected. Early detection of overweight and 
obesity as well as cardiovascular and biochemical data are important for rural populations 
to prevent and control of obesity related cardio-metabolic diseases. This study aimed to 
determine biochemical, cardiovascular parameters and weight status among a rural 
population in Mandalay Division. This cross-sectional study of 263 subjects, age ranging from 
18-86 years, was conducted at Pin-Tee village in Pyin-Oo-Lwin Township in 2015. 
Anthropometry, cardiovascular and biochemical parameters were determined. Weight 
status was assessed by Body Mass Index (BMI) and classified according to WHO adult Asian 
BMI criteria. There were 110 males (41.8%) and 153 females (58.2%), respectively, with 
mean age was 44.8 ± 16.0 years.  Current smoking and current betel chewing were found in 
males (58.2% and 34.6%) and females (4.6% and 4.6%), respectively. Current alcohol 
drinking was observed in males (41.8%). Overweight (16.4% males; 19.6 % females) and 
obesity (10.9% males; 29.4 % females) were found in this study. Existence of hypertension, 
hypertriglyceridemia, hyperglycemia (Fasting Blood Glucose≥126mg/dl) and 
electrocardiographic abnormalities were detected in 39.9%, 32.3%, 9.5 % and 30.8%, 
respectively, among all respondents. Hypertension, abnormal electrocardiography, 
dyslipidemia and high alkaline phosphatase levels were significantly associated with 
increase in BMI. The magnitude of obesity was quite high in this study population. Most of 
the cardio-metabolic risk factors were more common in females. Hypertension and 
hypertriglyceridemia were more frequent in this rural community. 
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INTRODUCTION 

Obesity is a major public health problem worldwide with 

the trends and magnitude differs substantially by nations. In 
2015, the World Health Organization estimated that above 1.9 
billion of the world’s population aged over 18 years are 
overweight and, among them, more than 600 million are 
obese [1]. In Myanmar, according to the STEPS survey in 2009, 
the prevalence of overweight and obesity among the age of 15-
64 years were 4.3% in case of male and 8.4% in case of 
females, respectively [2]. In 2014, according to the national 
survey on the prevalence of diabetes and non-communicable 
diseases in Myanmar, the percentage of overweight in males 
and females are 14.1% and 30.8% respectively. The 
percentage of obesity in males and females are 2.6% and 8.4% 
respectively [3].  Obesity can contribute to increase risks of 
non-communicable diseases like diabetes mellitus, 

cardiovascular diseases and metabolic syndrome later in life. 
Evidence showed that obesity is associated with high blood 
cholesterol, high blood pressure, diabetes mellitus, 
cardiovascular diseases and arthritis [4]. Non-communicable 
diseases (NCDs) are the primary cause of morbidity and 
mortality both globally and in the South-East Asia region 
(SEAR). Among the 17 million premature deaths (death under 
70 years of age) due to NCDs in 2015, 82% were from 
developing nations and 37% were died by CVDs. The World 
Health Organization estimated that 17.9 million people died 
from CVDs in 2016, approximately 31% of all deaths globally. 
Over 75% of CVD deaths occurred in low and middle income 
countries [5].  

Many people in rural areas are unaware of the 
underlying heart diseases which can be prevented by 
appropriate treatments. The fundamental investigations for 
examining asymptomatic blockage of the coronary arteries or 
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high cardiovascular disease risk consist of resting and 
exercise electrocardiograms, providing the evidence of 
unrecognized inducible myocardial ischemia or previous 
myocardial infarction, silent, or other evidence of cardiac 
abnormalities [6]. Moreover, obesity has been known to 
increase the risk of hypertension which is one of the risk 
factors of CVDs and also a leading cause of chronic kidney 
failure [7]. Studies from the general population highlighted, 
that obesity also may be harmful to the kidneys even in 
individuals without hypertension, diabetes, or preexisting 
renal disease [8].  

Many studies observed that obesity is associated with 
biochemical parameters such as abnormal lipid profile and 
increase in blood glucose levels [9-10]. The levels of hepatic 
enzymes as markers of the fatty liver changes also correlated 
with the severity of obesity. [11-13]. Furthermore, 
epidemiological data highlighted the strong relationship 
between serum uric acid and obesity in different populations 
[14]. From both clinical and health promotional views, it is 
important to find out various risk factors associated with 
diseases or ill health in order to optimize prevention and early 
identification of health problems. As obesity is one of the 
major contributing factors of cardio-metabolic risks, 
addressing obesity and obesity-related risk factors will impact 
future health outcome in many proportions. Prevention, early 
diagnosis of risk factors and appropriate treatment of cardio-
metabolic diseases is essential among rural communities 
where health resources and access to healthcare services are 
poor.  

Moreover, in Myanmar, it is still necessary to explore 
the data emphasizing cardiovascular, biochemical profiles and 
its relation to obesity among rural communities where health 
resources are limited for establishing the effective strategies 
in the management of non-communicable diseases. Thus, this 
study aimed to determine biochemical, cardiovascular 
parameters and weight status among a rural population in 
Mandalay Division.  
 
MATERIALS AND METHODS 
 
This community-based, cross-sectional study was conducted 
at Pin-Tee village in Pyin-Oo-Lwin Township in 2015. A total 
of 263 subjects, men and women aged 18-86 years, were 
included in the study.  
 
Exclusion Criteria 
 
Those who were being physically and mentally ill to 
participate; pregnant women; Buddhist monks and nuns were 
excluded in the study.  
 
Subject Recruitment 
 
From Pin-Tee village, 263 households were randomly chosen, 
and from these households, one eligible member was 
randomly invited to participate in the study after explaining 
the purpose, risks, benefits and detail procedure about the 
study. The participants agreed voluntarily to participate in 
this study were instructed to overnight fasting for ten hours 
and recruited at the village monastery in the next morning.  
 

Data Collection 
 
Data was collected in the morning of the next day. After 
getting informed consents from the participants after 
explaining the purpose, risks and benefits of the research, 
questionnaire according to the proforma including socio-
demographic characteristics and past medical history was 
collected through face-to face interview. Then, physical 
measurement and collection of 5 ml of venous blood for 
biochemical parameters were done.  
 
Physical and Biochemical Parameters 
 
Physical measurement consisted of blood pressure 
measurement, electrocardiogram determination and 
anthropometric measurement. Three measurements of sitting 
blood pressure, five minutes apart, were obtained and the 
mean of the three measurements was used for blood pressure 
analysis. ECG examination was done by using a computerized 
device with 12 leads in a private room.  

The measurement of height and weight of 
participants was done for assessment of body weight status 
by standard BMI calculation equation (weight in kg divided by 
square of height in meter, kg/m2) based on the WHO adult 
Asian BMI criteria (underweight < 18.5 kg/m2, normal weight 
18.5-22.9 kg/m2, overweight 23.0- 24.9 kg/m2, obesity ≥ 25.0 
kg/m2) [16]. For weight measurement, each participant was 
asked to remove as much outerwear as possible, with 
barefoot. For height measurement, each subject was asked to 
stand up straight (back, scapulae and buttocks were touched 
with the vertical height rod if possible and place the legs 
together) and to look straight ahead in order to have the same 
level between the orbital margin of the eye and the external 
canal of the ear. Waist circumference was measured to the 
nearest to 0.1 cm, using a measuring tape. Waist 
circumference was taken at midpoint between the lower 
margin of the last palpable rib and the top of the iliac crest (hip 
bone), in the standing position without clothing and directly 
over the skin [17]. 

Collection of 5 ml of venous blood was done from any 
visible   prominent vein of each participant under aseptic 
precautions. One ml of blood was collected in sodium fluoride 
tube for determination of fasting blood sugar and 4ml will be 
collected in the plain blood tube for determination of other 
biochemical parameters. Collecting required samples were 
carried in cold boxes with ice and transported to the 
Biochemistry Laboratory at Department of Medical Research 
(Pyin Oo Lwin Branch) for biochemical tests. Blood in the 
plain blood tubes were centrifuged at Relative Centrifugal 
Force 1210 g for ten minutes for serum separation. Then, 
samples are processed and analysed within 2 hours; and those 
that could not analyse within 2 hours were stored at -4˚C and 
analyse within 3 days. 
 
Chemicals and Instruments used  
 
Determination of biochemical parameters including fasting 
blood sugar, lipid profile (triglyceride, High Density 
Lipoprotein-cholesterol, Low Density Lipoprotein -
cholesterol, total cholesterol), liver function test (Total 
Bilirubin, Aspartate Transaminase, Alanine Transaminase, 
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Alkaline Phosphatase), urea, creatinine and uric acid were 
performed by using reagent test kits (Human, Germany).  

Blood pressure was measured by using the standard 
mercury sphygmomanometers (Kenxin, H.K), and ECG 
examination was done by using a computerized device 
(Schiller® AT-10 EKG, Baar, Switzerland) with 12 leads. The 
measurement of height and weight of participants was done 
by using the weight and height machine (medical weighing 
scale with mechanical height rod). Waist circumference was 
measured by using the measuring tape. Biochemical 
parameters were measured by using semi-auto biochemical 
analyzer (AE 600, Japan) per manufacturer’s instructions and 
Standard Operation Procedures.  
 
Operational definitions and cut-off values for blood 
pressure and biochemical parameters 
 
Cardiovascular parameters mean resting electrocardiography 
(ECG) examination and measurements of blood pressure. 
Hypertension was defined as an average SBP of ≥ 130 mmHg 
and/or an average DBP of ≥ 85 mmHg. Provisional diagnosis 
of diabetes mellitus was hyperglycemia, fasting blood sugar ≥ 
126mg/dl.   

Cut-off values for other parameters were considered 
as per guidelines provided in kit. Hypertriglyceridemia was 
serum triglyceride level≥150mg/dl. Increase in serum 
cholesterol level was > 200mg/dl. Increase in LDL-cholesterol 
means serum LDL-cholesterol level >130mg/dl. Decrease in 
HDL-cholesterol means serum HDL-cholesterol level < 
40mg/dl in males and <50 mg/dl in females. Increase in 
alkaline phosphate level means serum alkaline phosphate 
level > 290 IU/L. Increase in total bilirubin means total 
bilirubin level > 21 μmol/L. Increase in aspartate 
aminotransferase level means serum aspartate 
aminotransferase level ≥ 37 IU/L in males and ≥ 30 IU/L in 
females. Increase in alanine aminotransferase level means 
serum alanine aminotransferase level ≥ 40 IU/L in males and 
≥ 33 IU/L in females. Normal creatinine means serum 
creatinine level 0.6-1.1mg/dl in males and 2.5-6.0 mg/dl in 
females. Normal urea means serum urea level 10-50 mg/dl. 
Normal uric acid level means serum uric acid level 3.4-7.0 
mg/dl in males and 2.5-6.0 mg/dl in females. Increase in waist 
circumference was waist circumference ≥ 90 cm in males and 
≥85 cm in females. 

Ethical considerations 
 
Regarding the Ethical consideration, this study was approved 
by The Ethics Committee on Medical Research involving 
Human Subjects, the Department of Medical Research (Upper 
Myanmar)(Letter No.4/Ethics/DMRUM/2014).  

All participants in this study were taken written 
informed consent after providing the information of the study. 
Participants were explained about confidentiality in data 
collection. The data obtained from the study were perceived 
as personal and were confidential. Participants had right to 
refuse and could withdraw from the study at any time they 
wanted to. 

 
Data entry and data analysis  

Data entry and data analysis was performed by using 
SPSS version 20. Data analysis comprised the descriptive and 
the analytic part. Baseline characteristics of respondents were 
described by using frequency and percentage for categorical 
data and mean and standard deviation for continuous data. 
Biochemical parameters, blood pressure and anthropometric 
information of the respondents such as BMI, waist 
circumference were described by mean and standard 
deviation. Comparison of biochemical profiles, blood 
pressure, and waist circumference in different BMI categories 
was determined by ANOVA. Comparisons of BMI and blood 
pressure with ECG results were determined by student t-test. 
Comparison of ECG results between males and females was 
determined by Chi Square test. A P-value of less than 0.05 has 
been considered as statistically significant for these analyses. 
 
RESULTS 
 
A total of 263 people were participated in this study. There 
were 110 males (41.8%) and 153 females (58.2%), 
respectively. Age distribution in these participants was from 
18 to 86 years and the mean age in years (mean ±SD) was 44.8 
± 16.0 for both groups. Regarding body weight status, mean 
BMI in the whole population was 22.5 ± 3.5 kg/m2. Mean BMI 
of females (23.2 ± 3.8 kg/m2) was significantly higher than 
that of males (21.6 ± 2.6 kg/m2) (P<0.001). Background 
Characteristics of the participants was shown in Table 1. 

 
 

Table 1: Background Characteristics of the participants 
 

Variables Male Female Total 
Current Smoking 64 (58.2%) 7 (4.6%) 71 (27.0%) 
Current Betel Chewing 38 (34.6%) 7 (4.6%) 45 (17.1%) 
Current Alcohol Drinking 46 (41.8%) 0 (0%) 46 (17.5%) 
Increase in Blood Pressure 49(44.5%) 56 (36.6%) 105 (39.9%) 
Central Obesity 2 (1.8%) 49 (32.0%) 51 (19.4%) 
BMI categories 
Underweight (<18.5 kg/m2) 
Normal Weight (18.5 – 22.9 kg/m2) 
Overweight (23 – 24.9 kg/m2) 
Obesity (≥ 25 kg/m2) 
Overweight or obese (≥ 23 kg/m2) 

 
10 (9.1%) 

70 (63.6%) 
18 (16.4%) 
12 (10.9%) 
30(27.3%) 

 
8 (5.2%) 

70 (45.8%) 
30 (19.6%) 
45 (29.4%) 
75 (49.0%) 

 
18 (6.8%) 

140 (53.2%) 
48(18.3%) 
57 (21.7%) 
105(39.9%) 
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Figure 1: Comparison of abnormal biochemical parameters in different genders 
 
 
Among the study population, normal ECG results were found 
in 182 (69.2%) and abnormal such as ischaemia, premature 
atrial complex, RBBB, old inferior MI, and ventricular ectopics 
in 81 (30.8%). Comparison of ECG results in different genders 
and the association of ECG results with BMI and blood 
pressure were shown in Table 2. 
 
Table 2: ECG results in different genders and its 
association with BMI and blood pressure 
 

Variables ECG 
Normal Abnormal 

Male 
Female 

   75 (68.2%) 
107 (69.9%) 

   35 (31.8%) 
   46 (30.1%) 

BMI (Mean ± SD) 
Male 
Female 

 
   21.4 ± 2.6 
   23.8 ± 3.8 

 
   21.6 ± 2.5 
   22.2 ± 3.9 

SBP (Mean ± SD) 
Male 
Female 

 
122.4 ± 15.4 
122.1 ± 19.7 

 
130.6 ± 18.5 
125.2 ± 22.9 

DBP (Mean ± SD) 
Male 
Female 

 
   80.6 ± 11.5 
   80.0 ± 11.5 

 
   86.0 ± 14.1 
   81.5 ± 13.5 

 
Comparison of abnormal biochemical parameters in different 
genders was shown in Figure 1. Comparison of blood pressure 
and biochemical parameters in different weight status was 
illustrated in Figure 2. 
 

DISCUSSION 
 
In this study, mean BMI of females was significantly higher 
than that of males (P<0.001). The proportion of obesity 
(21.7%) found in this study was higher than in the study of Hla 
Soe tint et al. (2011) in which 74 per 1,000 adult population 
in rural hilly area of Myanmar were obese [18]. Moreover, the 
proportion of overweight or obese in females (49.0%) in this 
study was also higher than the finding of 2015-16 Myanmar 
Demographic Health Survey, where 21% of women in rural 
areas were overweight or obese [19]. Moreover, the results 
found in the present study using Asian criteria was also higher 
than the study of Bhardwaj et al. (2013), where the prevalence 
of overweight and obesity in a rural area of India determined 
by using the same Asian criteria was 27.3% and 5.5%, 
respectively [20].  

Regarding central obesity, increase in waist 
circumference in the present study was found in 19.4% with 
males 1.8% and females 32.0%, respectively. These results in 
the rural area were markedly lower than the results found in 
the study of Khin Moe Aung et al. (2015) in which central 
obesity in urban area of Pyin Oo Lwin was 40.8% (males 4.6% 
and females 54.02%)[21]. Therefore, central obesity was not 
the common metabolic risk factor in the rural community in 
this study compared with the urban setting in same region.  

In the present study, the proportion of 
hypercholesterolemia (> 200mg/dl) was found in 13.7% of 
respondents which was lower than one study done in rural 
area of Yangon region in Myanmar (41.6%) [22].

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0%

Increase Fasting Blood Sugar
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Figure 2: Comparison of blood pressure and biochemical parameters in different weight status 

 
One study in rural area of south India in 2005 reported that 
one-third of study population was exposed to borderline to 
high level of total cholesterol [23]. Moreover, in another study 
also found that more than half of rural people were 
hypercholesterolemia [24]. However, in one study in India, 
only 4.9% of rural population was at risk of 
hypercholesterolemia [20].   

Concerning triglyceride and HDL-cholesterol, 32.3% 
and 32.7% of participants in this study had high triglyceride 
and low HDL-cholesterol, respectively. A study done in urban 
area of Pyin Oo Lwin reported that 36.3% and 23.9% of 
respondents had high triglyceride and low HDL-cholesterol, 
respectively [21]. In the present study, high LDL-cholesterol 
was found in 7.6% of respondents. One study done in a rural 
population in India also observed that only a small proportion 
was high in LDL-cholesterol and high proportion was low in 
HDL-cholesterol [20]. Moreover, increase in total cholesterol 
and LDL are more common in males whereas increase in 
triglyceride and decrease in HDL were more common in 
females. Similar findings were found in the study of Shamai  et 
al. [25]. Moreover, in this study, the significant positive 
associations of BMI with total cholesterol (P< 0.01), 
triglyceride (P< 0.001), and LDL- cholesterol (P< 0.01), 
respectively. Humaera et al. (2017) found that BMI was 
positively associated with total cholesterol, triglyceride and 
LDL- cholesterol [26]. As blood lipids which are fat reservoirs 
in the body increase, body mass index also increase and lead 
to obesity and increase the risk of cardiovascular diseases [9]. 

In this study, provisional diagnosis of diabetes 
mellitus was observed in 9.5% of respondents with males (7.3 
%) and females (11.1 %), respectively. In 2014, the national 
prevalence of diabetes mellitus in the age range of 25 to 64 
years was 10.5% [27]. Thus, the findings of this study were 
lower than the national data. Moreover, the present study was 
consistent with one study done in rural area of Myanmar. Wai 
Phyo Aung et al. found that 7.1% in rural areas were 
diagnosed as diabetes mellitus [28].   

In this study, hypertension was found in 39.9% with 
males 44.5% and females 36.6%, respectively. In addition, 
increase in BMI was significantly associated with 
hypertension (P=0.003 and P<0.001). In one study done in a 
rural population in Myanmar, 33.4% of participants had 
hypertension and hypertension is significantly associated 
with overweight [29].  Abnormal ECG results were found in 
males 31.8% and females 30.1%, respectively, in this study. 
Moreover, abnormal ECG results were significantly associated 
with increase in systolic and diastolic blood pressure, and 
obesity. Bastien et al. highlighted that a burden of other 
cardio-metabolic risks factors are accompanied with obesity 
as well as obesity impairs the structure and functions of the 
heart with various mechanisms [30].  

In this study, increase in AST, ALT and ALP were 
found in 33.1%, 16.3% and 4.9 % of the respondents, 
respectively. Moreover, serum ALP level was associated with 
obesity. In the study of Khan et al. from Pakistan in 2015 also 
found that ALP was highly related with obesity. The authors 
explained that expression of ALP occurs in many tissues 
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including adipose tissue and regulate intracellular fat 
deposition during adipogenesis. Thus, ALP activity enhances 
and promotes intracellular fat deposition [31].  

Moreover, in this study, serum urea, creatinine and 
uric acid were higher in 14.8%, 12.5%, and 31.2% of the rural 
people and serum uric acid is significantly related with 
obesity. This finding was consistent with the finding of a group 
of researchers from China. They conducted a cross-sectional 
study, containing 27009 middle- and old-age Chinese 
respondents and found that BMI significantly increased with 
increasing serum uric acid [14].  High in serum uric acid may 
be due to low in renal blood flow, which enhances urate 
reabsorption in obese and hypertensive subjects [32].   
 
CONCLUSION 
 
The magnitude of overweight and obesity was quite high in 
this study population. Most of the cardio-metabolic risk 
factors such as overweight and obesity, hypertriglyceridemia, 
decrease in HDL cholesterol and fasting blood sugar were 
more common in females. However, hypertension, 
hypercholesterolemia, and increase in LDL cholesterol were 
more common in males. Hypertension and 
hypertriglyceridemia were more frequent in this rural 
community.  

As the rural areas are the priority areas where health 
resources and access to healthcare services are poor, the 
findings from this study indicates the requirement to intensify 
efforts for the prevention, early detection, and management of 
cardio-metabolic risks, especially in the rural populations by 
using health education and treatment as appropriate. 
Moreover, this study may provide the baseline data for 
implementing effective strategies to promote the health of 
rural communities in order to reduce the risks of non-
communicable diseases especially obesity and its related 
cardio-metabolic diseases. 

In addition, more studies should be conducted in 
other rural areas to perform health screening. These studies 
are likely to find out the hidden cardio-metabolic risk factors 
and abnormal biochemical profiles of rural people who are 
lack of or poor health knowledge about non-communicable 
diseases and access to health services.  
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