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Abstract

Background: Hypertension is the leading risk factor for cardiovascular diseases, and little is known about trends in
prevalence, awareness, treatment and the control of hypertension in Myanmar. This study aims at evaluating changes
from 2004 to 2014 in the prevalence, awareness, treatment and control of hypertension in the Yangon Region, Myanmar,
and to compare associations between hypertension and selected socio-demographic, behavioural- and metabolic risk
factors in 2004 and 2014.

Methods: In 2004 and 2014, household-based cross-sectional studies were conducted in urban and rural areas of Yangon
Region using the WHO STEPS protocol. Through a multi-stage cluster sampling method, a total of 4448 and
1486 participated in 2004 and 2014, respectively, with the response rates above 89%.

Results: From 2004 to 2014, there was a significant increase in the age-standardized prevalence of hypertension

from 26.7% (95% Cl:24.4-29.1) — 34.6% (32.2-37.1), as well as an awareness from 19.4% (17.2-21.9) to 27.8% (24.9-31.0),
while treatment and control rates did not change. The age-standardized mean systolic blood pressure increased

from 122.8 (SE) + 0.82 mmHg in 2004 to 128.1 + 0.53 mmHg in 2014, whereas diastolic blood pressure increased from
76.2 £ 035 mmHg to 809 + 0.53 mmHg. In multivariate analyses, hypertension was significantly associated with age,
alcohol consumption, overweight and diabetes in both 2004 and 2014, and additionally associated with low
physical activity and hypercholesterolemia in 2004. Combining all data, a significant association between
study-year and hypertension persisted in different models with an adjustment for socio-demographic variables
and behavioural variables, but not when adjusting for a combination of socio-demographic variables, the metabolic
variables, BMI and hypercholesterolemia.

Conclusion: The prevalence of hypertension has risen from 2004 to 2014 in both urban and rural areas of the Yangon
Region, while, the awareness, treatment and control rate of hypertension remains low in urban and rural areas among
both males and females. It is likely that changes in the metabolic variables, BMI and hypercholesterolemia
have contributed to an increase in the prevalence of hypertension from 2004 to 2014. Factors associated

with hypertension in both study years were age, alcohol consumption, overweight and diabetes. A national hypertension
control programme should be implemented in order to reduce premature deaths in Myanmar.
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Background

Globally, high systolic blood pressure is the leading risk fac-
tor for years lost due to ill-health, disability or early death
(DALY), in addition to the most important risk factors for
cardiovascular diseases (CVDs) together with dietary risks
[1]. High systolic blood pressure has been estimated to
cause 10.7 million deaths and 212 million DALYs in 2015
[1], and 58% of CVDs in 2013 globally [2]. Although we
have knowledge about how to prevent and treat hyperten-
sion, its prevalence has not decreased over the last four de-
cades in large parts of the world, including southeast Asia
[3]. Globally, the number of individuals with hypertension
has increased from 594 million in 1975 to 1.13 billion in
2015 [3], which is partly due to population growth and the
aging of the global populations by more than 10 years since
1980 [4], combined with a failure in the prevention, diagno-
sis and control of the disorder [5]. In Southeast Asia, 75%
or more of the rise in cases with hypertension are attribut-
able to population growth and ageing, while 25% is due to
an increase in prevalence [3]. The United Nations declar-
ation of Sustainable Development Goals (SDGs) targets
calls for a one-third reduction in premature mortality from
non-communicable diseases (NCDs) through prevention
and treatment by 2030. In 2013, the 66th World Health
Assembly targeted a 25% relative reduction in the preva-
lence of raised blood pressure by 2025 [6].

The prevalence of hypertension is higher in low-income
countries than in middle- and high-income countries [7], as
the risk of dying from hypertension is more than double in
low- and middle- compared to high income countries [8].

In Southeast Asia, hypertension is estimated to cause
9.4% of all deaths [8]. The age-standardized prevalence
of hypertension in the region was estimated to be 36.6%
in 2008 [9], with country estimates of 34.2% in Thailand,
38.6% in Bangladesh and 38.8% in Nepal [9]. The corre-
sponding levels of awareness, treatment and the control
of hypertension in these countries varied considerably,
respectively, at 56.6, 85.5 and 43.1% in Thailand, 69.8,
48.4 and 42.2% in Bangladesh and 29.7, 41.2 and 22.3%
in Nepal [9]. In Myanmar, the prevalence of hyperten-
sion was reported to be 30% in a nationwide study from
2009 [10]. Studies from SEAR have shown an increasing
trend in the prevalence of hypertension [9].

Information about trends in prevalence, awareness,
treatment and the control of hypertension, which is
largely unknown in Myanmar [10, 11], could help in tai-
loring prevention and treatment programmes within the
country.

In the present study, we analysed changes in the preva-
lence, awareness, treatment and the control of hypertension
from 2004 to 2014 in the Yangon region of Myanmar.
Furthermore, we compared associations between hyperten-
sion and socio-demographic-, behavioural and metabolic
risk factors in 2004 and 2014. Finally, we aimed at
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investigating associations between the year of study and
hypertension. It is expected that the increase in hyperten-
sion from 2004 to 2014 could be explained by socio-
demographic, behavioural and metabolic risk factors.

Methods

In 2003-2004 and 2013-2014, two cross-sectional studies
were carried out in the Yangon region [11, 12]. Data was col-
lected in both the urban and rural areas in two study periods.
The methods of both studies were similar, and conducted in
accordance with the WHO STEPS methodology [13]. Both
studies included all three STEPS: STEP (1) Questionnaire
survey, including the socio-demographic characteristics, be-
haviours and dietary habits, and history of hypertension
and diabetes; STEP (2) Physical measurements, including
anthropometric measurements and blood pressure, and
STEP (4) A laboratory investigation of fasting blood glucose
and fasting lipid profiles.

The study populations included both males and females
aged 25-74 years. Individuals who were too physically or
mentally ill to participate, institutionalized people, military
personnel, Buddhist monks and nuns were excluded.

Both studies performed a multi-stage cluster sampling
method. In the first stage, urban and rural areas were
identified. In the second stage, 10 townships from the
urban areas and five townships from the rural areas were
randomly selected in 2004, while six townships from
urban- and six townships from rural areas were randomly
selected in 2014. In the third stages, 10 wards (urban unit)
and 10 villages (rural unit), respectively, from each of the
urban and rural townships were randomly selected in
2004. In 2014, five wards and five villages from each of the
urban and rural townships were randomly selected. In the
fourth stage, both in 2004 and 2014, 25-27 households
were randomly chosen from the selected clusters (ward/
village). Gender stratification was done in this stage in
2014, but not in 2004. Lastly, one eligible subject was ran-
domly selected from each household.

A total of 4448 persons participated in 2004 and 1486 in
2014. The response rates were 89% in 2004 and 92% in
2014 for STEP 1 and 2, while 89 and 86% complete all three
STEPS in 2004 and 2014, respectively. Pregnant women
were excluded from the analysis because physiological
changes during pregnancy affected the estimates.

Data collection and measurements

The STEPS instrument (version 1.3) was translated into
the Myanmar language and back translated into English in
2004. Previously translated questionnaires (version 2.1)
were used in 2014. Compared to version 1.3, version 2.1 in-
cluded more core and expanded questions. The training of
field workers, pre-test and pilots were conducted in a simi-
lar way in both 2004 and 2014. We used identical methods
for training and for practice in both surveys following the
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STEPS methodology [13]. The measurement of blood
pressure was performed three times using the auto-
matic blood pressure monitor OMRON M4-1 (Japan)
in 2004 (in 2004, two times only if the difference was
less than 10 mmHg) and validated OMRON M6 (Japan)
[14] in 2014. The accuracy for the both devices was
+3 mmHg according to OMRON manual. Systolic and
diastolic blood pressures were computed from the
mean of all readings in 2004 and second and third read-
ings in 2014. Body height was measured without foot-
wear and any head gear using stadiometer (which was
supported by WHO SEARO) in 2004 and measuring
tape (SPEED-5 M) in 2014 [13]. In both studies, a port-
able weighting scale (SECA 843 in 2004 and Equinox
BR-9808 in 2014) was used to measure the body weight
of participants in kilograms (kg) wearing light clothes
without any footwear.

Fasting venous blood samples were collected in a nearby
health facility or survey site after a minimum of 10 h of over-
night fasting, using lipid tubes and glucose tubes containing
fluoride. The samples were stored in cold boxes with ice and
transported to the laboratory at the Department of Medical
Research, Yangon in 2004 and to the National Health
Laboratory, Yangon, which is the reference laboratory in
Myanmar, in 2014. A laboratory investigation was con-
ducted within 3 hours of the blood collection.

The blood glucose concentration was determined by
an enzymatic colourimetric test, using reagents from
Human Gesellschaft fur Biochemica und Diagnostica
mbh, Germany in 2004, and by the enzymatic refer-
ence method with hexokinase, using reagents from
Roche Diagnostics, Indianapolis, USA in 2014. Serum
concentrations of total cholesterol and triglycerides
were determined using the enzymatic colourimetric
test with reagents from Human Gesellschaft fur
Biochemica und Diagnostica mbh, Germany in 2004,
and with reagents from Roche Diagnostics, Indianapolis
USA in 2014.

Variables

Hypertension was defined as a systolic blood pressure of
>140 mmHg and/or a diastolic blood pressure of
>90 mmHg, and/or a self-reported current use of anti-
hypertensive medication within 2 weeks prior to the
interview [13]. An awareness of hypertension was defined
as the knowledge of being hypertensive obtained through
a medical doctor or health worker. The treatment of
hypertension was defined in those who had taken anti-
hypertension drugs for at least the preceding 2 weeks to
the time of interview. We defined control of hypertension
as those under medication who presented a systolic blood
pressure of <140 mmHg and diastolic blood pressure of
<90 mmHg.
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In accordance with the ward or village tract
Administration Law of 2012 [15], we define a ward as
an urban unit and a village as a rural unit.

Level of education was categorized into four groups:
no formal school (0- years), primary level (1-5 years),
secondary and high school level (6-11 years) and higher
education level (12 years and above). Yearly household
income was calculated from the household income
earned by household members in local currency (Kyats).

A daily smoker was defined as those who currently
smoked tobacco everyday. A current alcohol drinker was
defined as those who have consumed alcohol within the
past 12 months.

A physical activity assessment was conducted from the
four domains of occupation, household chores, transpor-
tation and leisure time. A low physical activity was defined
by using the standard metabolic equivalent of tasks
(MET) based on the WHO guidelines as less than 3 days
of vigorous intensity activity at least 20 min per week, or
less than 5 days of moderate intensity activity per week
(with 2600 MET- minutes) [13].

Body Mass Index (BMI) was computed as weight in kilo-
grams (kg) divided by the height in metres squared (m?).
Overweight was defined as a BMI of 25-29.9 kg/m? with
obesity defined as a BMI of >30 kg/m? [13]. We defined
diabetes as a fasting blood glucose level of 27 mmol/L and/
or self-reported diabetes [16]. Self-reported diabetes in-
cluded only those diagnosed by health professionals. We
defined hypercholesterolemia as a total cholesterol level of
>5.17 mmol/L [17].

Statistical methods

Data from 2004 and 2014 was analysed with STATA/IC
version 14.0. We adjusted for the complex survey design
using the “svyset” command with a specified weighing of
different stages of sampling units based on the population
distribution of age and gender in urban and rural study
sites of the Yangon region. For the 2004 study, we used
the population distribution in 2003 [18], while for the
2014 study we used census data from 2014 [19]. Following
the “svy” command, mean and proportions were
computed incorporating the complex survey design.
Prevalences of hypertension, awareness, treatment and
control in 2004 and 2014 were standardized to the popu-
lation age distribution in 2014 (Census) due to expected
differences in age distribution between 2004 and 2014. A
comparison of the proportions and means between the
two studies was performed by Wald test. Following the
“svy” command, multivariate logistic regressions were per-
formed to compare associations between hypertension
and socio-demographic-, behaviuoral- and metabolic risk
factors in 2004 and 2014 (Tables 4 and 5.). In Model 1, the
associations between hypertension and selected behav-
ioural- and metabolic risk factors were adjusted one by
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one for the potential socio-demographic confounders of
age, gender, location, education and ethnicity. Thus,
Model 1 gives the total effect of each of the selected
behaviuoral and metabolic determinants of hyperten-
sion adjusted for socio-demographic factors. In Model
2, both socio-demographic- and behavioural risk
factors (smoking, alcohol consumption, low physical
activity) were included, and all the variables in the
model were adjusted for. In Model 3, the metabolic
risk factors of BMI, diabetes and hypercholesterolemia
were included together with the socio-demographic
factors, and all variables in the model were adjusted
for. In Model 4, we adjusted for all variables men-
tioned above, which gives the direct effect of each of the
selected behavioural and metabolic determinants of hyper-
tension. We checked for interactions between gender and
smoking on hypertension as well as between location and
gender on hypertension. For the purpose of investigating
whether the expected association between the year of study
and hypertension could be explained by socio-demographic-,
behavioural- and metabolic risk factors, we performed logis-
tic regression analyses following the “svy” command (Table 6).
In Model 1, we adjusted for age and gender, and in Model 2
we also adjusted for location, education and ethnicity. In
Model 3, we additionally adjusted for the behavioural risk
factors (smoking, alcohol consumption, low physical activity).
In Model 4, we adjusted for metabolic risk factors (BMI, dia-
betes and hypercholesterolemia), in addition to the socio-
demographic risk factors from Model 2. In Model 5, we ad-
justed for all selected socio-demographic-, behavioural- and
metabolic risk factors. We did six additional logistic regres-
sion analyses to identify which of the socio-demographic-,
behavioral- or metabolic risk factors that could make the
association between study year and hypertension become
non-significant and/or reduced towards the null value
(|Additional file 1: Table S1). We used the following six
models (socio-demographic factors were always in-
cluded): 1. BMI; 2. diabetes; 3. hypercholesterolemia; 4.
BMI and diabetes; 5. diabetes and hypercholesterolemia; and
6. BMI and hypercholesterolemia.

Results
The mean age of the participants was lower in 2014
(47.6 years) than in 2004 (49.9 years), whereas the levels
of education and income were highest in 2014 (Table 1).
The age-standardized prevalence of hypertension in-
creased significantly from 26.7% (95% CIL: 24.4-29.1) in
2004 to 34.6% (32.2-37.1) in 2014 (Table 2). Similar
significant increases from 2004 to 2014 were found in
sub-groups of males and females and in urban and rural
locations (Table 2).
The majority of the hypertensive cases were not aware
of their condition in both 2004 and 2014 (Table 2).
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Table 1 Socio-demographic factors among 25-74-year-old citizens
in Yangon Region, Myanmar, in 2004 and 2014

2004 2014 p-value

Gender

Male 1994 745

Female 2454 741
Age (Mean Years + SD)

Male 499+ 133 484 +£133 0.001 *

Female 487 £127 469 124 0.131

Total 492 +130 476+129 0.001 *
Age group (proportion %)

25-34 707 (159) 286 (19.2)

35-44 945 (21.3) 350 (23.6)

45-54 1131 (254) 351 (23.6)

55-64 981 (22.1) 329 (22.1)

65-74 684 (15.4) 170 (11.4) 0.526
Highest Education Level (proportion %)

No formal school 354 (796) 90 (6.1)

Less than Primary school 840 (18.9) 223 (15.0)

Primary school completed 1548 (34.8) 468 (31.5)

Secondary school completed 929 (20.9) 278 (18.7)

High school completed 429 (9.6) 186 (12.5)

College/university completed 320 (7.2) 211 (14.2)

Post graduate degree 28 (0.6) 28 (1.9 <0.001 *
Yearly household Income (proportion %) $

Mean (Kyats) 44,968 259,605

Less than 100,000 Kyats 3963 (95.1) 481 (34.5)

100,001~ < 150,000 Kyats 81 (1.9 268 (19.2)

150,001- < 300,000 Kyats 106 (2.5) 404 (29.0)

> 300,000 Kyats 21 (05) 242 (17.4)

*Exchange rate 1 USD = 750 Kyats in 2004 and 953.8 Kyats in November 2013

However, the awareness increased significantly from
2004 (19.4%) to 2014 (27.8%). A sub-group analysis by
gender and location showed a similar improvement in
the awareness of being hypertensive, with a tendency to
larger improvements in rural than in urban areas, espe-
cially among rural females. Female were significantly
more aware of their hypertension than males (Table 2),
whereas there were no significant differences between
urban and rural areas.

The proportion under treatment among those diag-
nosed with hypertension declined slightly, but not sig-
nificantly, from 2004 (43.1%) to 2014 (40.1%), with an
exception among rural females, who showed an increase
from 38.0% to 45.9% (Table 2). Apart from rural females,
no significant differences in treatment rates between
urban-rural areas, or by gender, were detected between
2004 and 2014.
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Table 2 Age-standardized prevalence of hypertension, and awareness, treatment and control of hypertension among 25-74-year-old
citizens of Yangon Region, in 2004 and 2014, by gender and location (Standardized to the 2014 Census Data of Yangon Region)

Male Female Total
2004 2014 p-value 2004 2014 p-value 2004 2014 p-value
(N =1994) (N = 745) (N = 2454) (N =741) (N = 4448) (N = 1486)
Prevalence
Combined 26.8 (24.1-29.8) 36,6 (32.1-412)  0.001* 266 (24.2-29.1) 336 (30.8-36.6) <0.001* 26.7 (244-29.1) 346 (32.2-37.1)  <0.001*
Urban 279 (239-324) 387(339-437) 0003* 277 (244-313) 345(289-406) 0.050* 276 (243-31.1) 345 (31.5-376) 0.006*
Rural 240 (19.5-29.1) 334 (274-40.1) 0025 240 (208-275) 33.8(30.7-37.1) 0.001* 243 (214-275) 342 (30.0-386) 0.002*
Awareness
Combined 150 (128-174) 23.0(199-265) <0.001* 228(199-259) 325(29.1-36.1) <0.001* 194 (17.2-219) 278 (249-310) <0.001*
Urban 152 (126-183) 226 (19.0-26.7) 0005 243 (20.1-290) 315 (263-373) 0045 206 (174-243) 269 (223-319) 0.039*
Rural 141 (11.0-17.8)  235(19.5-28.1)  0.003* 188 (17.8-19.9) 327 (338-387) <0.001* 165 (14.7-185) 285 (23.8-33.7) <0.001*
Treatment
Combined 380 (338-425) 386 (31.6-46.1) 0.891 48.1 (39.7-56.6) 472 (40.8-53.7) 0.865 43.1 (348-519) 40.1 (33.1-476) 0589
Urban 419 (34.5-496) 467 (39.6-540) 0339 522 (432-61.0) 556 (49.7-61.2) 0.504 475 (374-578) 463 (354-575) 0861
Rural 355 (27.6-442) 418(33.3-509) 0.271 380 (33.2-429) 459 (402-51.8) 0.042* 369 (304-439) 400 (324-48.1) 0522
Control
Combined 35.8(31.5-40.3) 398 (34.7-452) 0234 53.0 (49.0-57.0) 473 (44.7-498) 0.019* 484 (45.1-51.7) 453 (39.8-509) 0330
Urban 378 (30.8-453) 39.1 (33.5-450) 0.763 524 (46.7-58.1) 434 (40.1-46.7) 0.010* 509 (46.3-55.5) 416 (384-448) 0.003*
Rural 252 (31.3-455) 381 (31.3-455) 0.004* 484 (41.8-55.1) 310(257-369) 0.001* 397 (32.7-472) 353 (304-406) 0289

*p-value <0.05 (tested between 2004 and 2014 by Wald test)

Among hypertensives, the proportion taking traditional
medicines changed significantly, from 10.4% (0.80-13.3) in
2004 to 17.4% (14.3-21.0) in 2014 (not shown in tables).

Among the treated participants, the control rate did not
improve from 2004 (48.4%) to 2014 (45.3%) (Table 2). In
subgroup analyses, we found an increasing control rate
from 2004 to 2014 among rural males, while the control
rate decreased significantly among both urban and rural
females (Table 2).

Among hypertensives who took traditional medicine, the
control rate remained unchanged at 15.0% (10.9-20.4) in
2004 and 14.8% (10.7-20.1) in 2014 (not shown in tables).

From 2004 to 2014, the age-standardized mean systolic
blood pressure increased 5.3 (SE) + 0.97 mmHg, whereas
diastolic blood pressure increased 4.7 + 0.63 mmHg
(Table 3). Similarly, subgroup analysis by location and
gender revealed the same pattern of increase from 2004
to 2014 (Table 3).

In multivariate analyses of 2004 data, age, alcohol con-
sumption, low physical activity, overweight, diabetes and
hypercholesterolemia were all significantly associated with
hypertension, thereby indicating direct associations between
these variables and hypertension (Table 4, Model 4). Similar
associations were found in 2014, but not for low physical
activity and hypercholesterolemia (Table 5, Model 4).
Underweight was negatively associated with hypertension in
both 2004 and 2014 (Tables 4 and 5, Model 4). Unexpect-
edly, smoking was not associated with hypertension in the

fully adjusted model (Tables 4 and 5, Model 4), or when ad-
justed for socio-demographic factors (Tables 4 and 5, Model
1). No interaction of variables related to hypertension was
found.

In the combined data set (2004 and 2014) (Table 6), the
study year was significantly associated with hypertension
when adjusted for age and gender (Model 1: prevelance
odd ratio pOR = 1.49, 95% CI: 1.21-1.82), adjusted for all
socio-demographic factors (age, gender, location, education
and ethnicity) (Model 2: pOR = 149, 1.22-1.82), and when
adjusted for socio-demographic- and behavioural factors
(smoking, alcohol consumption, low physical activity) (Model
3: pOR = 144, 1.17-1.77). However, when the association
between study-year and hypertension was adjusted for socio-
demographic- and metabolic risk factors (BMI, diabetes and
hypercholesterolemia), the point estimate decreased and was
no longer statistically significant (Model 4: pOR = 1.28,
0.92-1.78). In the fully adjusted model (Model 5) with socio-
demographic-, behavioural- and metabolic risk factors
included, the association between year of study and hyper-
tension contributing to the association was not significant
(POR = 1.22, 0.89-1.68).

To further explore which of the metabolic risk factors
influenced the association between study year and hyper-
tension, we made six new models of different combina-
tions of one or two metabolic risk factors in a model,
together with the selected socio-demographic factors
(Additional file 1: Table S1). The only combination that
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Table 3 Age-standardized systolic and diastolic blood pressure among 25-74-year-old citizens in Yangon Region, Myanmar, in 2004
and 2014, by gender and location (Standardized to the 2014 Census Data of Yangon Region)

Systolic Blood pressure

Diastolic Blood Pressure

2004 2014
Mean(SE) Mean(SE)
Male 124.8 (0.88) 130.2 (0.83)
Female 121.2 (0.87) 126.2 (0.99)
Total 1228 (0.82) 128.1 (0.53)
Urban
Male 1244 (1.27) 1304 (0.95)
Female 120.7 (1.29) 1263 (1.49)
Total 1222 (1.22) 127.9 (0.79)
Rural
Male 125.1 (1.25) 129.3 (0.26)
Female 121.8 (0.52) 125.1 (0.84)
Total 1237 (0.83) 1274 (042)

p-value 2004 2014 p-value
Mean(SE) Mean(SE)

<0.001* 76.3 (0.60) 81.5 (0.63) <0.001*
<0.001* 76.1 (0.37) 80.3 (0.73) <0.001*
<0.001* 76.2 (0.35) 80.9 (0.53) <0.001*
0.002* 77.2 (0.86) 82.1 (0.92) 0.001*

0.014* 76.2 (048) 804 (1.10) 0.003*

0.001* 76.6 (048) 81.2 (0.78) <0.001*
0.014* 744 (0.75) 80.0 (0.35) <0.001*
0.008* 759 (0.54) 79.9 (0.36) <0.001*
0.001* 754 (0.39) 80.0 (0.21) <0.001*

*p-value <0.05, by Wald test- for mean differences between 2004 and 2014

made the association between study year and hypertension
non-significant was the combination with socio-
demographic factors and BMI and hypercholesterolemia
(Additional file 1: Table S1, Model 4e: pOR = 1.31 (0.96-
1.78). No interaction between gender and smoking, and
gender and location was detected.

Discussion

The prevalence of hypertension, as well as the mean blood
pressure levels, rose from 2004 to 2014 in both the urban
and rural areas of the Yangon Region. The awareness,
treatment and control rate of hypertension was still low in
2014, although the awareness of hypertension increased in
urban and rural areas among both males and females.
However, the treatment rate only improved among rural
females. The control rate improved among urban and
rural males, and decreased among both urban and rural
females. Factors associated with hypertension in both
2004 and 2014 were age, alcohol consumption, overweight
and diabetes. In 2004, low physical activity and hyperchol-
esterolemia were also associated with hypertension.

An adjustment for socio-demographic- and behav-
ioural factors did not change the association between
study year and hypertension, while the combination of
socio-demographic factors, BMI and hypercholesterol-
emia made the association non-significant.

Strengths and limitations

Bias related to selection and information retrieval is rele-
vant for both prevalence estimates and association mea-
sures. The studies had high response rates, hence
minimizing the risk of selection bias. The exclusion of
pregnant women and hospitalized people from the study
may have contributed to more precise population

estimates since we excluded individuals with a health situ-
ation affecting measurements such as blood pressure. We
also excluded military personnel, Buddhist monks and
nuns, who may have lifestyles that differ from the general
citizens because of physical training among soldiers and
religious customs in the monasteries, possibly introducing
selection bias. However, it is difficult to conclude in which
direction the results may have been biased. Difference in
some selected townships of 2004 and 2014 study may have
introduced a selection bias, however we do not expect sys-
tematic differences between townships due to representa-
tiveness from random sampling. The interviewing strategy
in both studies might have also introduced information
bias. However, we followed standardized WHO STEPS
methodology in training and the use of instruments,
thereby minimizing the potential for such bias. For an-
thropometric measurements, we used WHO-recommended
OMRON devices, but the models were not the same in the
two studies. Nonetheless, the devices were standardized in
each study in order to minimize the potential infor-
mation bias. Recall bias may have particularly oc-
curred in questions about self-reported behavioural
risk factors. Both studies had a single visit for BP
readings, which may have potentially over- or under-
estimated the prevalence and control estimates [20].
However, such bias is probably randomly distributed
in both 2004 and 2014. We did not include instru-
ments in the studies for measuring the daily intake of
salt and stress level, which are known risk factors for
hypertension, and could have contributed to explain-
ing the increase in hypertension from 2004 to 2014.
The current finding of a high prevalence of hyperten-
sion, increasing from 2004 to 2014, may be still on the
rise; consequestnly, the poor levels of awareness,
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treatment and control pose a serious public health prob-
lem in Myanmar. Similar patterns have been reported in
developing countries despite the fact that global esti-
mates decreased between 1980 and 2008 for both gen-
ders [21]. Studies have confirmed that the prevalence of
hypertension in Southeast Asian countries are on the
rise [9], while a recent report indicates that the preva-
lence of hypertension in the entire Southeast Asia region
has not decreased [3].

The increased age-standardized mean systolic- and
diastolic blood pressure in the present study are in line
with the regional southeast Asia figures of increases of 0-
9 mmHg in males and higher than 1-3 mmHg in females
per decade [22], although the global systolic blood pres-
sure has decreased slightly [22].

Since 2011, the political situation in Myanmar has chan-
ged. The rural-urban migration has accelerated, and dietary
patterns have become unhealthier, thus leading to increased
body weights [23], which are highly associated with high
blood pressure. Population growth and ageing [3], as well
as a modern stressful environment may also the enhance
the prevalence of hypertension. Moreover, the people of
Myanmar enjoy salty food. For instance, Nga-pi (salty fish
paste) is essential in Burmese dishes. The increasing trend
in the prevalence of hypertension is possibly caused by a
combination of urbanization, high salt intake, an unhealthy
diet the included unhealthy fat, weight gain, hardship and
the stress of a modern lifestyle.

Similar to findings from a systematic meta-analysis
[24], there was a significant increase in the awareness of
hypertension over the decade from 2004 to 2014, but the
awareness remained far from the rule of halves [24]. About
two-thirds of hypertensives were not aware, and this poor
awareness is possibly caused by the poor education and
poor adherence to primary health care. The other possible
explanation is that the people of Myanmar might hesitate
to go a health facility to see doctors and health worker until
the symptoms have become serious. By nature, hyperten-
sion is asymptomatic in the early stages. A higher aware-
ness proportion was observed among females, who may
have more concerns about health in general than males,
which is shown in studies from other countries [24, 25].

There was no change in treatment rate in the present
study, although the rate is low, roughly below half of the
diagnosed subjects. This could possibly be explained by
the cost of antihypertensive medication, which is a bur-
den to people living in developing countries [26]. The
majority of the study population had a low household
income, which could also contribute to a poor treatment
rate. The majority of countries in Southeast Asia revealed
a poor coverage of anti-hypertensive treatment [9].

Guidelines for anti-hypertensive treatment have not
been well developed in Myanmar, although anti-
hypertensive drugs are on the list of essential medicines
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[27]. Both in the rural and urban areas in Myanmar,
people believe in traditional medicines for hypertension,
as some studies have proven the effectiveness of trad-
itional anti-hypertensive medicine [28, 29]. The National
NCD control programme should consider effective anti-
hypertensive treatment strategies, and drug policies and
a procurement system to optimize the effect of the treat-
ment. The low treatment and control rates highlight the
importance of a hypertension control programme. Accessi-
bility, affordability and an adherence of anti-hypertension
treatment in Myanmar should be reviewed, and an effective
control programme should be implemented.

Similar to a national study in Myanmar from 2009, we
found that hypertension was associated with both behav-
ioural- and metabolic factors [30]. In accordance with the
general literature, we report an association between hyper-
tension and alcohol consumption, low physical activity,
overweight, diabetes and hypercholesterolemia in 2004 or
2014. Measures to improve these factors could be consid-
ered in a national programme to help reduce the preva-
lence of hypertension, and thus, the burden of the CVDs
in Myanmar, in addition to investigating in more detail
the salt intake and food habits of the people of Myanmar.
Special attention should be paid towards a high BMI and
hypercholesterolemia, as the two factors may have played
in the important role for the increase in hypertension
from 2004 to 2014 in the Yangon region, which is one of
the most developed parts of Myanmar.

One should be careful in generalizing the results from
this study to the entire country of Myanmar, as lifestyle
and behavioural risk factors of the Yangon region, in-
cluding Yangon City, which is the largest city in Myanmar,
may differ from other parts of Myanmar. Even so, it is likely
that changes in the prevalence of hypertension, awareness,
treatment and control have changed in the same direction
as in Yangon region during last decade. National studies
are therefore needed to confirm this.

Conclusion

The prevalence of hypertension, mean systolic and dia-
stolic blood pressure is high, and has increased signifi-
cantly in the Yangon region of Myanmar between 2004
and 2014. A high BMI and hypercholesterolemia may have
contributed to the increased prevalence. The level of
awareness, treatment and control must be improved in
order to reduce future premature deaths and disability. An
effective national hypertension control program is thus ur-
gently needed.

Additional file

Additional file 1:Table S1. Associations between study-year and
hypertension, adjusted for sociodemographic factors and different
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combinations of metabolic risk factors, among 25-74-year-old citizens
in Yangon Region, Myanmar, 2004 and 2014 combined. (XLSX 12 kb)
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