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Background: Myanmar, a low-income Southeast Asia country with an estimated population of
53.9 million, is currently facing an increasing burden of noncommunicable diseases. Research
that systematically measures and reports the national prevalence of diabetes and prediabetes
within Myanmar represents a gap in the literature. This study, a national survey, was conducted
with the objectives of 1) measuring diabetic population, 2) measuring the prediabetic population,
and 3) finding out the risk factors leading to diabetes and prediabetes in Myanmar.

Method: Multistage sampling was applied in proportional cluster approach to recruit a nation-
ally representative sample of 8,575 participants from 52 townships selected to represent 332
townships across the country. The Ethical Committee of the Department of Medical Research
(Lower Myanmar) approved the current study. Fasting plasma glucose and the level of glucose 2
hours after 75 g glucose load were applied, to screen for diabetes and prediabetes. Interviewer-
administered questionnaires were carried out to investigate demographic and lifestyle behaviors.
Stadiometer, weighing scale, measuring tape, and Omron blood pressure monitor measuring
devices were used for the anthropometric measurements. Survey data analysis used STATA
version 13 and application of descriptive statistics with multinomial logistic regression.
Result: Prevalence of diabetes in Myanmar was 10.8%: 11.5% in males and 9.2% in females.
Overall prevalence of prediabetes was 19.7%: 16.5% in males and 23% in females. Increasing
age, urban residence, big waist circumference, and high triglyceride level were significant fac-
tors associated with diabetes and prediabetes. Many people with diabetes were found to lack
knowledge and awareness of diabetes.

Conclusion: Diabetes prevalence in Myanmar is high, and relatively higher than that reported
in many Association of Southeast Asian Nations countries. The study findings call for urgent
nationwide public health action in Myanmar such as screening people at risk of diabetes and
prevention of the disease. The findings can also assist the health authority in Myanmar with the
preparation and allocation of resources for diabetes prevention.
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Introduction

Diabetes is a global issue. Some 425 million people worldwide, or 8.8% of adults
20-79 years, are estimated to have diabetes. About 79% live in low and middle income
countries.! The percentage of deaths attributable to high blood glucose or diabetes that
occurs prior to age 70 is higher in low- and middle-income countries than in high-
income countries.> With speedy urbanization and motorization in low-income countries
with underdeveloped infrastructure, the risk factors associated with noncommunicable
diseases (NCDs) such as type 2 diabetes, hypertension, and cardiovascular diseases
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(CVD) became higher. Estimates of the current and future
burden of diabetes are essential in order to appropriately
allocate resources, drive health-promoting policies, and
encourage action to prevent diabetes in future generations.’

It is estimated that the number of adults with diabetes
will increase by 55% by 2035 to 592 million.? In addition
to lifestyle changes trending toward obesity, unhealthy
diets, and lack of physical activity, global population aging
may also bring a higher prevalence of diabetes in many
developing countries.! The global prevalence of diabetes
among people aged 20 and above was estimated to be 8.3%
in 2013.3 The World Diabetes Federation estimated that
the prevalence of diabetes for people aged 20 and above
in Myanmar was 5.7% in 2013 and projects it to be 8% in
2035.% However, recent reports within the Association of
Southeast Asian Nations (ASEAN) community have indi-
cated a faster rise in diabetes prevalence among Southeast
Asian developing countries.**

Myanmar is a Southeast Asian developing country with
a population of 53.9 million and the lowest life expectancy
among the ASEAN countries.®” It is a low-income coun-
try that has recently undergone several transformations
such as a shift to an electoral democratic political system,
civil structural changes, sociodemographic changes, and
economic transition.”® The global trend in the changing
epidemiology of diseases has also been seen in Myanmar.
Despite its out-of-the-pocket expenditure, hospitals in
Myanmar have seen a growing number of chronic disease
patients such as of diabetes, hypertension, stroke, and
cancer, while infectious diseases are still forming a huge
burden.® The prevalence of diabetes has increasingly been
reported in many local studies and clinical reports.” How-
ever, evidence gathered from a nationally representative
survey has still been lacking. The current study attempts
to fill this research gap.!°

The World Health Organization (WHO) has proposed a
stepwise approach for the effective prevention and control of
NCDs, with estimation of the problem magnitude as the first
step (STEP).!! STEP surveys were conducted in Myanmar
before 2014 through the collaboration of the Prevention and
Control of Diabetes Project, and the Department of Medi-
cal Research, Myanmar. However, those were subnational
surveys confined only to Yangon Division and unable to
include comprehensive measurement such as blood glucose
level and blood cholesterol level assessment.'? The Myanmar
STEP survey in 2014 was the first time a national survey had
been carried out, and one that amounted to a comprehensive

measurement. The current study analyzed and reported
the diabetes-focused data from this national STEP survey,
particularly in relation to the prevalence of diabetes and
prediabetes, and their associated risk factors.

The objectives were 1) to determine the national preva-
lence of type 2 diabetes mellitus in the adults in Myanmar,
2) to determine the national prevalence of prediabetes in the
adults in Myanmar, and 3) to identify the risk factors associ-
ated with diabetes mellitus and prediabetes. Ultimately, this
study aimed to contribute to the policy development, agenda
setting and strategic action plan for prevention of diabetes
and prediabetes and their associated risk factors.

Methodology

Study design

The household-based cross-sectional design, based on the
methodology of the WHO STEPwise approach to surveil-
lance of major NCD risk factors, was utilized. The core and
expanded indicators of Steps 1, 2, and 3 were included. The
study population consisted of people aged from 25 to 64 years
of both sexes residing in both urban and rural areas of the
country. The study excluded the following people: mentally
ill people, seriously ill people, institutionalized individuals
(members of the armed forces, hospitalized patients, prison-
ers), and temporary residents (those living in a locality for
less than 6 months).

Sample size
The sample size was calculated using the following formula:

N=Z2x P (1-P)/é?

where N is the required sample size, Z_the Z statistics
for predetermined alpha error, P the estimated prevalence of
diabetes mellitus, and e is the margin of error.

In the present study, the value of 1.96 was taken as Z_for
95% confidence and the estimated prevalence of diabetes
mellitus was taken as 4.6%, referring to the global prevalence
of diabetes mellitus in 2000."*!* The margin of error was taken
as 5%. The required sample size, therefore, was 160. As this
study intended to calculate diabetes prevalence rates in eight
sex—age groups and four geographical regions (hilly, coastal,
central plain, and delta regions) the sample size needed to be
adjusted by a factor of 1.5 for cluster sampling and a factor
of (1/0.85) for a 15% nonresponse rate. The final required
sample size for the whole study, therefore, turned out to be
9,036 [160x8%x4x(1/0.85)], which was rounded to 9,360 for
logistical reasons.
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Sampling approach

Multistage cluster sampling was used to recruit the study
subjects. In step 1, a total of 52 townships were chosen from
the 330 townships of Myanmar. Probability proportionate
to size method was applied. In step 2, 6 wards and villages
were selected from each of the 52 selected townships. In step
3, 30 households were selected from each selected ward/
village using systematic sampling. One eligible participant
responded survey, from each chosen household using the
Kish table method. A total of 8,757 participants formed the
representative sample for the national survey. In Myanmar,
each region has townships accommodating more city-like and
villages accommodating more countryside communities. We
considered people from townships as urban and people from
villages as rural. Sampling was carefully designed to recruit
urban and rural residents proportionately in each region.

Sampling weights
Sampling weights (the number of the population represented
by a respondent) were given by age and sex as in Table 1.

Data collection
The Ethical Committee of the Department of Medical
Research (Lower Myanmar) approved the current study to
conduct verbal informed consent of the participants. The
duration of data collection was from September to December,
2014. Participants provided verbal consents after receiving
explanation about the study. The trained interviewers col-
lected data relating to sociodemography, health behaviors,
anthropometry, and blood pressures (BPs) via face-to-face
interviews and physical examinations. Ten-hour overnight
fast was requested in advance. Fasting capillary blood
samples were tested for plasma glucose (PG) and lipids, and
capillary blood samples were tested for glucose 2 hours after
glucose load. BP measure was preceded by a resting time of
10 minutes before measurement.

In addition to the questionnaire instrument, survey tools for
measurement consisted of a stadiometer for measuring height, a
weighing scale, measuring tape for waist and hip measurement,

Table I Sampling weights (number of people represented by a
respondent) by age and sex

Age group (years) Men Women Both sexes
25-34 6,230 3,520 4,502
3544 4,004 1,950 2,624
45-54 2,864 1,573 2,030
55-64 2,489 1,451 1,832
25-64 3,785 2,049 2,660

and an Omron BP monitor. The lipid profile, fasting plasma
glucose (FPG), and 2 hours PG were determined on-site using
aportable LipidoCare device. Preliminary data were allowed to
republish by authors of presentation, Latt TS et al, and with the
permission of the president of Myanmar Diabetes Association. '

Data analysis

Diabetes mellitus is defined as having an FPG concentra-
tion of >7.0 mmol/L and/or a PG concentration of >11.1
mmol/L 2 hours after 75 g oral glucose load or the taking of
current medication for diabetes. Prediabetes refers to IGT
and impaired fasting glucose (IFG). IGT refers to 2-hour
PG level of 140 mg/dL (7.8 mmol/L) but <200 mg/dL (11.1
mmol/L). IFG refers to an FPG level of 110 mg/dL (6.1
mmol/L) but <126 mg/dL (7.0 mmol/L). (5) Definitions
are as follows:

1. Central obesity in terms of abnormal waist: waist circum-
ference 290 cm for males and =280 cm for females were
defined as abnormal waist circumference.!”!®

2. High triglycerides level: triglycerides =150 mg/dL
(=1.7 mmol/L), or the taking of treatment for this lipid
abnormality'®:

3. Reduced high-density lipoprotein (HDL)-cholesterol:
HDL-cholesterol <40 mg/dL (<1.03 mmol/L) for males
and <50 mg/dL (<1.29 mmol/L) for females, or the taking
of treatment for this lipid abnormality.

4. High BP: systolic BP 2130 or diastolic BP 285 mmHg,
or treatment of previously diagnosed hypertension.!”!®

Complex sampling designs (stratified sampling, cluster
sampling, and unequal sampling weights) were controlled at
every step of data analysis using “svy” (survey) commands in
the statistical software Stata Version 13.0. The prevalence of
diabetes and prediabetes was presented as percentages with
a 95% CI for both sexes and four age groups.

Multinomial logistic regression was carried out to
determine the independent effect of each of the risk fac-
tors on diabetes and prediabetes. Selection of the variables
for inclusion as well as the modeling procedure was done
according to the guidelines prescribed by David W. Hosmer
and Stanley Lemeshow.¢

Initially, 13 variables (age, sex, urban—rural residence,
household annual income, smoking rate, intake of alcohol,
intake of fruit and vegetables, physical activity, central obe-
sity, hypertension, total blood cholesterol, fasting triglycer-
ides, and HDL) were included and modeled, using backward
selection and a 0.05 significance level. In the final model,
only five variables (sex, age, urban—rural residence, central
obesity, and high triglycerides) remained: the other eight
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variables were omitted due to their statistical insignificance
and minor contribution to the model.

Results

Out of the 9,360 respondents scheduled to participate in the
study, a total of 8,757 respondents (93.6%) completed all of
the required assessments: questionnaire, physical measure-
ment, and blood glucose level measurement.

Background characteristics

Female respondents made up 65% of the study population.
The age group of 45-54 years formed the highest proportion
in both sexes. Eighty-four percent of the men and 71% of the
women in the study group were married.

Prevalence of diabetes

Table 2 presents the percentage of the respondents with diabetes
(both previously diagnosed and previously undiagnosed but
detected in the current survey). Overall, the prevalence of diabe-
tes was 10.5%, with 9.1% in the men and 11.8% in the women.
Among the men, the prevalence of diabetes increased as age
increased from 3.6% in the 25-34-year age group to 19.5% in
the 55—64-year age group. Among the women the prevalence of
diabetes also increased as age increased from 4.5% in the 25-34-
year age group to 23.7% in the 55—64-year age group. Seven out
of ten diabetic respondents were previously undiagnosed.

Regional variation in the prevalence of

diabetes
Figure 1 shows the prevalence of diabetes and prediabetes
in 14 different states and regions of Myanmar. The overall

Table 2 Prevalence of diabetes in Myanmar, 2014

prevalence of diabetes was the highest in Yangon region
(18.2%) and the lowest in Nayphitaw (4.2%). In all states and
regions, with the exception of Yangon, <30% of the people
were aware of their own diagnosis. All states and regions,
with the exception of Yangon, had a higher percentage of
prediabetes than of diabetes.

Urban/rural difference in prevalence
of diabetes according to the area of

residence

The prevalence of diabetes in the urban population (14.4%,
95% CI =12-13) was higher than that in the rural population
(9%, 95% CI =6.8-11.8).

Types of glucose tolerance

Figure 2 shows the distribution of different types of glucose
tolerance. IGT and FGT (IGT alone, FGT alone, and the
combined presence of IGT and FGT) make up prediabetes,
of which the prevalence is 20%. The prevalence of IGT alone
(17%) is much higher than that of FGT alone (2%) and of
combined IGT and FGT (1%).

Associated factors of diabetes and

prediabetes

Five factors were significant and retained in the final model
of backward stepwise multivariate analysis measuring the
association of independent variables to prediabetes. Those
included three demographic factors: female gender, older age
groups, urban residence, and two biologic factors: central
obesity and higher fasting triglycerides. Those who have a
bigger waist circumference are more likely to have predia-

Sex Age in Population Diagnosed diabetes Undiagnosed diabetes Total diabetes
years % 95% ClI % 95% ClI % 95% CI
Men 25-34 616 0.1 0.0,0.4 3.5 15,80 3.6 1.6, 8.1
3544 738 1.7 0.9, 3.1 5.9 3.7,92 7.6 5.0, 11.2
45-54 832 4.8 2.5, 89 7.0 52,94 11.8 87,159
55-64 707 35 2.0, 6.0 16.0 10.4, 23.6 19.5 13.4,27.4
25-64 2,893 2.1 1.4, 3.1 7.0 5.3, 9.1 9.1 6.9,11.8
Women 25-34 1,099 0.4 02, 1.0 4.1 2.7,6.2 45 3.1,66
35-44 1,559 2.3 1.4,3.7 8.7 56,133 11.0 7.9, 15.0
45-54 1,537 53 3.6,7.7 10.3 8.1, 13.1 15.6 12.6, 19.1
55-64 1,236 10.7 7.5, 15.1 13.0 8.6,19.2 23.7 19.2,28.8
25-64 5,431 3.7 2.6, 5.1 8.2 6.0, 11.1 11.8 9.6, 14.6
Both sexes 25-34 1,715 0.2 0.1,0.5 38 24,60 4.1 2.6,6.2
35-44 2,297 2.0 1.3,3.0 7.3 5.0, 10.4 9.3 6.8, 12.4
45-54 2,369 5.0 3.6,7.0 8.7 72,104 13.7 11.3,16.6
55-64 1,943 7.1 5.0, 10.1 14.5 9.8, 20.9 21.6 16.5,27.7
Total 8,324 2.9 2.2,3.8 7.6 5.7,9.9 10.5 8.3, 13.1

Note: Bold text indicates total ranges for the variable.
Abbreviation: MMDA, Myanmar Diabetes Association.
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Figure | Prevalence of diabetes by state and region, Myanmar, 2014.
Notes: In each region urban and rural population was equally sampled.
Abbreviation: MMDA, Myanmar Diabetes Association.

Diabetes FGI+IGT FGI+IGT IGT Normal

Figure 2 Types of glucose tolerance, Myanmar, 2014.
Abbreviations: IGT, impaired glucose tolerance; FGI, fasting glucose intolerance;
MMDA, Myanmar Diabetes Association.

betes and diabetes (relative risk ratio [RRR] for diabetes 1.4
[1.1-1.8], RRR for prediabetes 3.1 [2.4—4.2]) and those with
high triglyceride level (RRR for diabetes 1.3 [1.0-1.6], RRR
for prediabetes 1.7 [1.3-2.2]).

Females are more likely to have prediabetes and dia-
betes than males (RRR for diabetes 1.5 [1.2%—1.8%],
RRR for prediabetes 1.3 [1.0—1.8]). The risk of diabetes

Known diabetes status
Not known
Prevalence

14 16 18 20

persistently increases in older age groups compared to the
25-34-year age group: RRR for diabetes 1.7 (1.3-2.2),
RRR for prediabetes 2.5 (1.6—4.0) in 35-45-year age
group, RRR for diabetes 2.0 (2.0-3.8), RRR for predia-
betes 3.4 (2.1-5.3) in 45—-54-year age group, and RRR for
diabetes 2.7 (2.0-3.8), RRR for prediabetes 6.4 (3.9-10.3)
in 55—-64-year age group. People living in more urbanized
areas are more likely to have prediabetes and diabetes
(RRR for diabetes 1.1 [0.8—1.3], RRR for prediabetes
1.5 [1.3-2.2]).

Discussion

This study is a comprehensive national survey investigat-
ing prevalence of diabetes and prediabetes in Myanmar.
It is the first of its kind to provide robust evidence of the
national burden of diabetes. This evidence is important
for launching a preventive strategy and as a contribution
to reducing the national and global burden of diabetes.
The high level of the response rate (91%) and multistage
cluster sampling resulted in the representativeness of the
data and the generalizability of the results to the Myanmar
population. Given the high prevalence of diabetes and
prediabetes in Myanmar, there is a need for a nationwide
diabetes screening intervention in all regions of Myanmar
after the age of 35 years. Moreover, the risk factors shown
to be associated with diabetes status highlight who should
be focused on in the launching of a strategy to prevent
diabetes and prediabetes.
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The national prevalence of diabetes in Myanmar in
2014 was 10.5%, while prediabetes was nearly 2 times that
of diabetes (19.7%) (Figure 2). There is the possibility of
prediabetes in every three out of ten adults in Myanmar.
This represents a critical situation, which, without preventive
intervention, may lead to a rapid, unprecedented rise in the
prevalence of diabetes and its complications in the coming
years. The higher prevalence of diabetes in Myanmar may be
due to the different methodology for detection of diabetes. In
this study, 75 g oral glucose tolerance test was applied, and
OGTT usually give higher detection rate of diabetes than the
fasting plasma glucose alone.>?

Furthermore, many of the diabetic people may be unaware
of their diabetic status due to the lack of an active screening
program. The high rate of undiagnosed diabetes and predia-
betes calls for urgent action that can provide opportunities for
communities to screen blood glucose levels and risk factors
associated with diabetes. Furthermore, investment in future
research that investigates public awareness and health literacy
of diabetes in Myanmar is required."

In a recent study, Latt et al* reported the gap and chal-
lenge of integrating health services for diabetes in Myanmar.
Research findings on the prevalence and risk factors for
diabetes are necessary in order to put into place an effective
national policy of screening and early lifestyle intervention
of the disease. The current study has sought to fill this need.
The result of multinomial logistic regression in the present
study indicates that older age groups, urban residence central
obesity, and higher fasting triglycerides represent significant
risk factors contributing to diabetes and prediabetes within
Myanmar’s adult population.

The findings showed that there is an increasing risk of
diabetes and prediabetes in older age groups. The risk for
prediabetes and type 2 diabetes became higher in the older
age group. This highlights the factor of population aging
as the driver of diabetes epidemics.?! Moreover, because
of comorbidities and polypharmacy, diabetes can have a
profound impact on the daily life activities of elderly people
resulting in disability and deaths.? A screening program
that is able to detect diabetes among people in high-risk age
groups should be introduced as a public health intervention
in order to preserve the quality of life of the elderly.

Developing countries such as Myanmar are undergoing
rapid urbanization and lifestyle changes. In recent years, cit-
ies in Myanmar have seen rapid motorization and increased
sedentary lifestyles amongst urban dwellers.”*> Moreover,
urban residents rely more on readily available food from
shops and fast food stalls that have limited healthy choices.
Moreover, facilities and an environment for exercise and

physical activities may be of limited access. Where there is
a lack of infrastructure and opportunity to sustain an active
lifestyle, citizens usually have a low level of physical activity,
which may lead to diabetes.?*** These factors may explain the
prevalence of diabetes among urban residents in Myanmar.

Central obesity, defined by measuring waist and hip cir-
cumference, represents a significant risk factor for diabetes.
Research findings within the Asian setting indicate waist
circumference as a potentially sensitive tool for detecting
prediabetes and metabolic obesity.? The typical morphology
of a small body with a fat belly and big waistline is known
to be an indicator of metabolic obesity among Asians, which
is a predictor of metabolic diseases.?® Therefore, the current
study findings are consistent with such research findings
within the Asia setting. This basic finding has the potential
to be practically applied as a screening tool. Waist circum-
ference measurement can be used to screen for diabetes and
prediabetes in the community setting in Myanmar. Identify-
ing at-risk people and recommending lifestyle modifications
can help to prevent diabetes and avert health expenditure
for the lifelong treatment of diabetes and its complications.

The current study has identified hypertriglyceridemia as a
significant risk factor for diabetes and prediabetes within the
population of Myanmar. This is consistent with the finding
from a cohort study carried out in the UK of more than 4,000
people over a 12-year period, which reported the association
of a high triglyceride level and the risk of type 2 diabetes.?’
Moreover, this finding reflects the risk of diabetes among
the people of Myanmar because of the traditional cooking
style, which is oily and involves the consumption of the high-
carbohydrate staple food, rice. Research leading to dietary
intervention and health education is important in order to
promote the public’s knowledge of a healthy diet. Health
education, which incorporates practical cooking lessons,
would be beneficial to the prevention of diabetes.

The silent epidemic of diabetes is widespread in Myanmar.
Diabetes may bring many other NCDs such as CVD, strokes,
disability, and deaths as its complications, resulting in heavy
health care costs for this low-income country. Simple lifestyle
interventions such as promoting a healthy diet and physical
activity are effective in the prevention of diabetes. However, the
way to integrate these within the country’s social and cultural
context is challenging. The findings of the current study may
serve to contribute to the design of an effective health promo-
tion intervention for the prevention of diabetes in Myanmar.

Strengths and limitations
The strength of this study is its generalizability due to its
nationally representative sample and good response rate. IGT
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was used to screen individuals for prediabetes and diabetes,
enhancing its internal validity. The study was not without limi-
tations. According to the details of the STEP survey, people
who were on antidiabetic medication or admitted to the hospital
at the time of survey were not included in the survey. This might
cause a slight underestimation of the prevalence of diabetes.

Conclusion

This study contributes updated evidence for increasing
prevalence of known and unknown diabetes mellitus and
prediabetes in Myanmar. Diabetes prevalence in Myanmar
is high, and relatively higher than other ASEAN countries.
To screen at-risk individuals and provide early lifestyle-
related intervention, evidence-based risk factors of diabetes
and prediabetes are necessary in each country. The findings
in this study, therefore, may contribute to the integration of
screening and prevention of diabetes within primary health
care-based services of Myanmar and similar socioculturally
developing countries in Southeast Asia.
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