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ABSTRACT

Objectives To investigate the association between urban—
rural location and the occurrence of diabetes mellitus (DM)
in the Yangon Region, and to estimate the proportion of
urban and rural participants already diagnosed with DM,
and of those, the proportion under treatment and under
control.

Design Two cross-sectional studies, using the WHO STEPs
methodology.

Setting The Yangon Region of Myanmar, urban and rural
areas.

Participants Men and women, aged 25-74 years,
included during the study period from September—
November 2013 (urban) and 2014 (rural areas) (n=1372).
Institutionalised people, physically and mentally ill person,
monks and nuns were excluded.

Results The age-standardised prevalence of DM was
12.1% in urban and 7.1% in rural areas (p=0.039).

In urban areas, the prevalence of DM was lowest in

the highest educational groups (p<0.001). There were

no differences in DM prevalence between gender or
income levels. In rural areas, those who were physically
inactive had a low intake of fruit and vegetable and were
overweight/obese had a higher DM prevalence than others.
In a logistic regression, the OR for DM in rural compared
with urban areas was 0.38 (0.22, 0.65), adjusted for
sociodemographic variables and behavioural risk factors.
In urban areas, 43.1% of participants had the experience
of receiving blood glucose measurements by a doctor or
health worker, and 61.5% of all cases of DM were already
diagnosed, 78.7% were under treatment and 45.8% were
under control. The corresponding proportions in rural areas
were 26.4%, 52.4%, 78.1% and 32.0%, respectively.
Conclusion The prevalence of DM in the Yangon Region
was high, and significantly higher in urban than in

rural areas. More health services are needed to serve

this population with a large proportion of undiagnosed
diabetes. Preventive measures to halt and reduce the
prevalence of DM are urgently needed.

INTRODUCTION
Urbanisation influences lifestyle and socio-
economic position and is one of the drivers
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Strengths and limitations of this study

» The study followed the internationally recommend-
ed WHO STEP protocol.

» A national reference laboratory was used for the in-
vestigation of fasting plasma glucose.

» Both urban and rural areas were included.

» Because the results were from only one region of
Myanmar, the results might not be generalised to the
entire Myanmar population.

of a country’s health transition.' * The advan-
tages of urbanisation include better access
to healthcare services, education and social
services.? On the other hand, adverse changes
such as nutrition transition with an increase in
the consumption of saturated fats and sugar
and a more sedentary lifestyle are reported
worldwide.” The net effect of urbanisation
is an epidemiological transition towards
increasing rates of obesity and non-commu-
nicable diseases (NCDs), including diabetes
mellitus (DM) type II.

According to the WHO, DM was the sixth
most important cause of global deaths in
2015." In 2017, there were 146 million people
with DM in rural areas, while 274 million
people lived with DM in urban areas.” The
global prevalence of DM is estimated to
increase from 8.8% in 2015 to 10.4% in 2040,
equaling 642million people.” In the WHO
South-East Asia Region (SEAR), the number
of people living with DM increased from 17
to 96million between 1980 and 2014.° Half
of the world’s people with diabetes are now
living in the SEAR and the Western Pacific
Region.’

In Myanmar, the prevalence of behavioural
and metabolic risk factors for NCD, such as
heavy alcohol consumption, tobacco use,
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a sedentary lifestyle, obesity and hypertension, is high
among 15-64year-old citizens in 2009.” In 2012, NCDs
led to 59% of total deaths in Myanmar.® In 2004, the prev-
alence of DM in residents between the ages of 25 and 64
years in the Yangon Region was 8.1%.” In 2014, the
national prevalence of DM in the same age range was
10.5%." Despite an increase in the prevalence of NCDs,
there is still a limited amount of research on NCDs and its
risk factors in Myanmar.

If poorly controlled, DM may lead to long-term compli-
cations, such as diabetes retinopathy, lower limb amputa-
tion, renal failure and cardiovascular diseases.® Diabetes
retinopathy is particularly prevalent among people with
a long duration of DM and a low socioeconomic status."'
Controlling DM significantly reduces the risk of cardio-
vascular diseases in patients with DM."* Moreover, the
rate of amputation in patients with DM is reduced up to
40%-60% if DM is properly controlled."”

This study aims to investigate the association between
urban-rural location and the occurrence of DM in
25-74year-old male and female citizens of the Yangon
Region, and to estimate the proportion of urban and rural
participants already diagnosed with DM, and of those, the
proportion under treatment and under control.

Population and methods

Based on the WHO STEPwise approach for the surveil-
lance of NCDs risk factors,'* this study is a house-
hold-based, cross-sectional study in urban and rural areas
of selected townships in the Yangon Region conducted
from September to November 2013 and 2014, respec-
tively. The survey had all three STEPs,: (1) questionnaires
related to sociodemographic characteristics, dietary and
sedentary lifestyle habits and history of DM, (2) physical
measurements of height and weight and (3) laboratory
investigation for fasting plasma glucose (FPG).

Sampling

Men and women between the ages of 25 and 74 partic-
ipated in the study. Buddhist monks and nuns, institu-
tionalised people and military persons were not invited,
while people who were judged to be too physically or
mentally ill to participate were not eligible. According to
the WHO sample size calculator for the STEP survey,'*
with a level of marginal error of 0.05, a design effect
of 1.5 and an expected response rate of 80%, we would
need a sample of 500 in each study (urban and rural)
for risk factors with a prevalence of approximately 10%,
such as low physical activity, and approximately 90%
such as low fruit and vegetable consumption.'” For risk
factors with a prevalence of 20%-25%, such as male
smoking and overweight, we would need a sample size
of 1000."” With regard to risk factor prevalence and
practical circumstances, we appraised the sample size of
800 in each study to be adequate. Sample size calcula-
tions were done disjointedly for the urban and the rural
survey, and to be able to perform subgroup analyses by
gender.

A multistage cluster sampling was used. First, six town-
ships from urban areas and six townships from rural
areas were randomly selected among 45 townships of
the Yangon Region. In the second stage, we listed all the
wards (urban township units) in the six selected urban
townships and all the villages (rural township units) in
the six selected rural townships. Based on the unit of
wards and villages, five wards from each selected urban
township and five villages from each selected rural town-
ship were randomly selected. The total number of wards
and villages was 60. From each selected ward and village,
26-27 households were randomly chosen. After selecting
households, we listed the eligible household members,
and one was randomly invited to participate in this study.
The data collection was done during the daytime on the
first day, and the blood sample collection was done the
next morning. If the selected respondent was away from
the home during the data collection time, we made an
appointment with him/her the next day, most often right
after the blood sample collection was done. There were
1608 invitees in this study, with an equal distribution of
gender (804 from urban and 804 from rural areas). The
total number of participants who accomplished STEPs 1
and 2 were 1486, with 755 (94%) from urban areas and
731 (91%) from rural areas. For all three STEPs, 693
(86%) from urban areas and 679 (83%) from rural areas
were accomplished. The primary reasons given for not
participating in STEPs 1 and 2 were ‘not willing” and ‘not
having time’, while ‘afraid to be involved in the blood
sampling procedure’ was the primary reason for STEP 3.
Thirteen pregnant women (3 urban and 10 rural) were
excluded because maternal physiological changes in
pregnancy might impact on the estimates. There were no
differences between those who completed STEPs 1 and 2
only and all 3 STEPS, in terms of age, location and educa-
tional level.

Data collection and measurement

The questionnaires were translated into the Myanmarian
language from the WHO STEPs Instruments V.2.1."
Data were collected by the principle investigator and
four research assistants (medical doctors). The research
assistants were recruited via the Myanmar Medical Asso-
ciation, and underwent a 2-day training with technical
input from the Department of Medical Research (Lower
Myanmar). The first day of training highlighted how
to communicate with the respondents, how to obtain
informed consent and how to conduct questionnaires.
During the second day, the correct measuring methods
for all three STEPs were in focus, in accordance with
the standardised methods of WHO guidelines. The stan-
dardisation of instruments was carried out before and
during the training. A pretest was conducted for STEPs
1 and 2 with the research assistants, and questions were
also clarified. The same procedure was followed for the
urban (2013) and rural (2014) survey, although with new
research assistants in the rural survey.
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After completing STEPs 1 and 2, we requested the
participant to fast overnight for a blood drawing the next
morning at the nearby health facility or meeting point.
A venous blood sample was collected in the glucose tube
with fluoride and stored in cold boxes with ice and trans-
ported to the National Health Laboratory, a reference
laboratory of the Ministry of Health. The FPG level was
investigated on plasma from whole blood with the enzy-
matic reference method with hexokinase, using reagents
of COBAS from Roche Diagnostics, Indianapolis, USA.
Biochemical analysis was started within 3hours after
blood samples were taken.

Variables
Age was defined as the completed years of age. Educa-
tional level was defined by both total number of year in
school and highest educational level and categorised
into: no formal education (Oyear), primary education
(1-5 years), secondary education (6-11 years) and higher
education (212 years). Daily income was calculated
from the whole household income divided by the total
number of household members. Income was converted
from Myanmar Kyats into United States Dollars (USD).
Exchange rate of 1USD was 953.8 Myanmar kyats as of
5 November 2013. Cut-off values for poverty was used
as defined by World Bank: 1.90 and 3.10 USD/day, for
extreme poverty and moderate poverty, respectively.'®
Daily smokers were defined as those who currently
used tobacco daily, whereas current alcohol drinkers
were defined as those who have drunk alcohol at least
once over the last 30 days. A low intake of fruit and vege-
table was defined as <bservings/day, according to WHO
guidelines.'* Approximately 80 ¢ of fruit or vegetable was
defined as a standard serving. Show cards were used for
the approximation of serving size. Physical activity calcu-
lation was based on the activity at work, transportation
and at recreation time and household activity. Show cards
were used to categorise the type of physical activity
involved. In accordance with WHO guidelines, a low
physical activity was defined as <3days of vigorous-level
activity of at least 20min/week, or <5days of moder-
ate-level activity (minimum of 600 metabolic equivalent
task (MET) minutes) per week, using standard METs. '
Body mass index (BMI) was calculated from weight
and height (kg/m?), overweight was defined as a BMI of
25-29.9kg/m” and obesity as a BMI of >30kg/m>'* DM
was defined as a FPG level >7mmol/L and/or self-re-
ported diabetes.'” Self-reported DM was noted as that
which is diagnosed by a medical doctor or other health
personnel. Diabetes under treatmentwas defined as taking
oral hypoglycaemic agents or insulin treatment for DM.
DM under control was defined as FPG level <7mmol/L
while under treatment of DM. Impaired FPG was defined
as FPG between 6.1 and 6.9 mmol/L.17

Statistical methods
Epidata V.3.1 was used for data entry and we did double
data entry. STATA/IC V.14.0 was used for the data analysis.

A multiple logistic regression was performed to explore
the associations between urban-rural location and DM.
Based on a directed acyclic graph (DAG), age, education,
income and gender were found to be confounders and
should therefore be adjusted for in order to obtain the
total effect of urban—rural location on DM. Low physical
activity, intake of fruit and vegetable, alcohol consump-
tion, smoking, BMI and waist circumference were all
found to be mediators, and thus adjusted for in order to
find the direct effect of location on DM. BMI and intake
of fruit and vegetable were included as continuous vari-
ables, other variables in categories. Based on the different
stages of sampling units of the study population using
2014 Myanmar Census data, we declared the complex
design by using ‘svyset’ and analysed the data after the
prefix ‘svy’. Using direct standardisation method based on
the study population, we calculated the age standardised
prevalence in this study for major risk factors. We used
x” tests and the nptrend command to assess urban rural
differences in sociodemographic and behavioural vari-
ables (table 1) and prevalence of DM (table 2), with the
statistical significance set to a p value <0.05. We also used
the Wald test (table 2) to identify differences in propor-
tions within the urban and rural areas.

RESULTS

The gender distribution in the study was about the same
in the urban and rural settings, with half of the partici-
pants being women. The mean age of the study popula-
tion was 42.8 years, with rural participant being slightly
younger than urban participants. The educational level
of the participants was higher in urban than in rural areas
(26.6% vs 5.5% in the higher education level), and the
proportion living on <1.9USD/day was highest in the
rural areas (65.8% vs 42.7% in urban) (table 1).

The age standardised prevalence of DM was higher
in urban (12.1%) than in rural (7.1%) areas (p=0.039)
with no gender differences (data not shown in table).
The prevalence of DM increased with age, except in
the highest age group in rural areas (table 2). In urban
areas, the prevalence of DM was highest among those
with lower education. Current smokers and current
alcohol drinkers had a lower prevalence of DM than
others. In rural areas, those who were physically inactive
had a low intake of fruit and vegetable and were over-
weight or obese had a higher prevalence of DM than
others. Mean FPG level in urban and rural areas, with
standard age distribution, were 5.7and 5.4mmol/L,
respectively (p=0.010) (data not shown in the table).
The age-standardised prevalence of participants with
impaired FPG were 14.3% in urban and 6.9% in rural
areas (p=0.018) (data not shown in the table).

Among the participants, 43.1% of those in urban and
26.4% of those in rural areas had a previous experience
of receiving a blood glucose measurement by a doctor or
health worker (figure 1A,B). Among all DM participants,
61.5% in urban and 52.4% in rural areas were already
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Urban (n=693) N (%) Rural (n=679) N (%) Total (n=1372) N (%) P values*

Male 339 (48.9) 342 (50.4) 681 (49.6)

Age group, years 0.005

35-44 144 (20.8) 172 (25.3) 316 (23.0)

55-64 164 (23.7) 142 (20.9) 306 (22.3)

Education level 0.000

Primary education 189 (27.4) 452 (66.6) 641 (46.8)

Higher education 185 (26.6) 37 (5.5) 222 (16.2)

<1.9 296 (42.7) 447 (65.8) 743 (54.2)

>3.1 197 (28.4) 101 (14.9) 298 (21.7)

Yes 126 (18.2) 178 (26.2) 304 (22.2)

Current alcohol drinker 0.014

No 602 (86.9) 554 (81.6) 1156 (84.3)

>600 604 (87.2) 605 (89.1) 1209 (88.1)

Fruit and vegetable consumption, servings/day 0.000

<5 575 (83.0) 657 (97.1) 1232 (89.9)

Overweight 214 (31.0) 160 (23.6) 374 (27.3)

Central obesity 0.543

No 431 (62.2) 434 (63.9) 432 (63.1)

*x? and nptrend.
179 missing due to refusal to answer.
MET, metabolic equivalent task.

diagnosed. Being woman and having secondary educa-
tion compared with primary level were associated with
awareness of DM. Awareness of DM did not differ between
age groups, income groups or with being overweight
or not. Among the known cases of DM, approximately
three-fourths of the participants were under treatment,
with no rural-urban difference. However, the proportion

of controlled cases was higher in urban (45.8%) than in
rural (32.0%) areas (figure 1A,B).

Table 3 presents the odds ratio (OR) of DM in rural,
compared with urban dwellers. In the crude model, the
OR of DM was lower in rural dwellers compared with urban
dwellers (OR=0.41 (95% CI 0.22 to 0.79)). The adjusted
total effect of location on DM was essentially similar to the

E-
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Urban Rural Total
N (%) 95% Cl N (%) 95% Cl N (%) 95% Cl P values*

Gender 0.468

Female 62 (13.2) 9.2t018.7 34 (8.3) 531t012.9 96 (11.4) 8.410 15.1

Age group, years 0.000

35-44 10 (6.5) 3.5t011.8 9(4.9) 2.7t08.7 19 (6.1) 4.2t08.6

54-64 50 (33.2) 19.2 to 50.8 21 (15.1) 6.1t032.7 71(25.9) 15.7 to 39.4

P valuest 0.035 0.012 0.002

No formal education 8(37.7) 33.0t042.7 12(11.9)  10.1t014.0 20 (14.2) 1141075

Secondary education 58 (10.1) 5.81017.2 14 (11.9) 8.41016.6  72(9.9) 6.5t0 14.8

P valuest <0.001 0.025 0.001

<1.9 53 (11.9) 8.2t017.1 40 (6.8) 4610101 93 (9.5 7.31012.2

>3.1 29 (9.9) 7.5t012.9 11 (9.6) 491t017.9 40 (9.8) 7.7t012.5

Behavioural risk factors

Yes (n=304) 15 (8.6) 5.8t012.6 10 (4.5) 241085  25(5.7) 3.4109.4 0.002

P valuest 0.08 0.075 0.003*

Yes (n=216) 9(7.8) 5.31011.6 6(2.9) 1.4 t0 6.1 15 (6.6) 3.91010.7

P valuest 0.031 0.02 0.013

>600 (n=1209) 95 (11.7) 7.41018.2 41(5.7) 3.8t084  136(9.4) 6.5t013.4

P valuest 0.689 0.021 0.144

>5 (n=138) 19 (11.7) 8.91t0 15.2 1(2.9)

20 (10.3) 71t014.7

P valuest 0.684 0.001 0.983

Body mass index 0.000
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Overweight(n=374) 40 (13.2) 8.3 10 20.3 16 (8.7) 58t012.8 56 (11.0) 7.7 t0 15.3
P valuest 0.046 0.004 0.001
Continued
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Table 2 Continued

Urban Rural Total
N (%) 95% Cl N (%) 95% Cl N (%) 95% Cl P values*
Central obesity 0.000
Yes (n=507) 73 (17.3) 13.4t0 22.0 40 (10.7) 8.1to 14.1 113 (14.1) 12.1t0 16.5
No (n=865) 49 (9.8) 5.6t0 16.8 21 (4.6) 2.8t07.3 70 (7.6) 4.6t012.3
P valuest 0.001 0.006 0.000

*x~ and nptrend.

TWald test.

379 missing due to refusal to answer.
MET, metabolic equivalent task.

crude effect (OR=0.39 (0.20 to 0.76)), whereas additional
adjusting for mediators (direct effects) did not change
the estimates (OR=0.38 (0.22 to 0.65)).

DISCUSSION

The prevalence of DM was 12.1% in urban and 7.1% in
rural areas, and the difference was not explained by socio-
economic and behavioural risk factors. The proportion of
participants who had checked their blood glucose level
was higher in urban than in rural areas, as well as the
proportion of diagnosed cases under control.

We followed the internationally recommended WHO
STEPS protocol, both for the urban and the rural studies.
The data collection was performed at the same time of
calendar year in both areas to avoid any seasonal varia-
tion, and the response rates in both studies were high. We
used a national reference laboratory for the investigation
of FPG. Blood was collected, sent to the national labora-
tory and analysed the same day. Institutionalised people,
monks and nuns and mentally ill persons were excluded
from the study, as they might have a lifestyle different from
that of the general population, for example, regarding
physical activity and eating habits. The exclusion of these
persons might have led to an overestimation or underes-
timation of the results.

Urban participants (693)

Previous blood glucose measurement (329, 43.1%)

FPG = 7mmol/l or self-reported DM (122, 12.1%)

Aware of DM (75, 61.5%)

Treatment DM (59, 78.7%)

‘ Controlled DM (29, 45.8%) ‘

Figure 1

According to the 2014 Myanmar Population and
Housing Census Report,18 the proportion being literate
in the Yangon population was 97.2% in urban and 95.2%
in rural areas. Even though numbers are not directly
comparable to our data and the difference was not large,
this reflects a higher educational level in urban areas.

Limitations of the study include possible informa-
tion bias. When answering questions on, for example,
alcohol consumption, participants may under-report
their consumption or report inaccurately, due to tradi-
tional views. DM was assessed only by FPG in our study,
oral glucose tolerance tests (OGTT) or measurement
of haemoglobin Alc was not done because of limited
resources such as time and human resources. WHO
recommends to use OGTT in addition to FPG, as up to
30% of DM cases may remain undetected by using FPG
alone.'” Thus, some DM cases might not have been diag-
nosed in our study, and this could have attenuated the
results. Also, even though all blood samples were analysed
within 3 hours, some reduction in FPG may have occurred
during transport, diminishing the number of DM cases
in our sample. There were relatively few DM cases in our
sample. Although we had questions regarding the treat-
ment of DM such as insulin or oral hypoglycaemic agents,
questions concerning other ways to control DM were not

‘ Rural participants (679) ‘

Previous blood glucose measurement (184, 26.4%)

FPG = 7mmol/l or self-reported DM (61, 7.1%)

Aware of DM (32, 52.5%) I

’ Treatment DM (25, 78.1%) ‘

‘ Controlled DM (8, 32.0%) ‘

(A)The prevalence of participants having had a blood glucose meausrement previous to our study (n, %), participants

with DM, participants already aware of having DM, participants with DM under treatment and under controll among urban (A)
and rural (B) participants (size of the rectangles are not proportionate to actual sample size). DM, diabetes mellitus; FPG, fasting

plasma glucose.
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Table 3 Odds ratio (OR) of DM in rural compared with urban dwellers among 25-74 year-old citizens in the Yangon Region,

Myanmar, from logistic regression

Crude model*

Model 1* adjusted total
effect

Model 2* adjusted direct effect

OR (95% Cl) OR (95% CI) OR (95% CI)
Location
Urban 1 1
Rural 0.41 (0.22 to 0.79) 0.39 (0.20 to 0.76) 0.38 (0.22 to 0.65)

Model 1: adjusted for age, gender, income and education.

Model 2: additionally adjusted for smoking, fruit and vegetable intake, current alcohol consumption, low physical activity, BMI and waist

circumference.

*79 participants with missing value for income excluded in all models.

BMI, body mass index; DM, diabetes mellitus.

included. The results were from one region in Myanmar,
and hence might not be generalised to the entire popu-
lation in Myanmar. However, perhaps the findings will
be similar in other big cities and surrounding areas in
Myanmar.

The prevalence of DM in the Yangon Region was
comparable to global (8.8%) and SEAR (8.5%) estimates
in 2015,° with a somewhat lower prevalence in rural areas
and slightly higher in urban areas. A higher prevalence
in urban than in rural areas is reported in most coun-
tries around the world.” Urbanisation is also associated
with changes in eating habits, physical activity, smoking
and alcohol consumption and is related to obesity and
NCDs, such as DM.? Lifestyle changes preceding NCDs
are influencing people in both urban and rural areas, but
often earlier and more significantly in urban areas. More-
over, the DM prevalence reported in this article was lower
than previously reported from the same study.'’ This is
because the results in the present study were age-adjusted
according to the population in the Yangon Region using
2014 Myanmar Census data, while previous studies have
reported results age-adjusted according to the internal
(Myanmar) standard population. The Yangon Region
has a relatively young population, due to the migration
of young people into Yangon for opportunities in educa-
tion and employment. The prevalence of DM in the
Yangon Region was generally increasing with age, which
is in line with previous studies among Asian Indians and
Chinese people,” as well as elsewhere.” In urban areas of
the Yangon Region, DM was more prevalent among those
with no formal and low levels of education than among
those with a higher education. Notably, higher educa-
tional levels were mostly prevalent in urban areas, which
may explain why this trend was not seen in rural areas. An
educational gradient in DM has been reported in low-in-
come, middle-income and high-income countries.”! A low
education may be associated with less access to healthcare
services and information on DM, opportunities to lead a
healthy life and individual lifestyle choices.*'

Low physical activity is one of the main risk factors for
DM°® and was associated with DM in rural areas in our study.
Only about 10% of participants were physically inactive,

in urban areas. This low proportion may be an explana-
tion as to why physical inactivity was not related to DM in
urban areas. In the total sample, we found that smokers
had a lower prevalence of DM than non-smokers. This is
supported by results from a study among Chinese men,
which reported an inverse association between smoking
and newly diagnosed DM.* However, other studies have
reported a positive association between smoking and
metabolic syndrome.* In our study, no alcohol consump-
tion was associated with a higher prevalence of DM. This is
in accordance with the results of meta-analysis which show
that moderate alcohol drinkers had a 30% reduction risk
of DM compared with non-drinkers.** In Myanmar, the
prevalence of alcohol drinkers was higher in rural than
urban areas, and the majority were moderate drinkers."
Our study results are in line with the study in middle-
aged and elderly Chinese people, showing that moderate
alcohol drinkers had a lower risk of DM compared with
non-alcohol drinkers.”> The apparently protective effect
of smoking and drinking can have several explanations.
Operational definitions like current smoker and current
alcohol drinker do not take into account the history of
smoking or drinking of a participant. Some might have
stopped unhealthy behaviours when getting a chronic
disease like DM, while their healthy counterparts may
have continued their habit of smoking and drinking.
Also, a cross-sectional study cannot inform us of causal
relationships, and there might be confounders to these
associations not taken into account in the present study.
The proportion of participants who had their blood
glucose checked by a doctor or health workers was higher
in urban than in rural areas. This suggests that urban
people have an easier access to healthcare facilities than
rural participants and might be more aware of the bene-
fits of screening for diabetes. Furthermore, among those
with diagnosed diabetes, the proportion of controlled DM
was higher in urban than in rural areas. This could also be
associated with a better access to quality care, as well as with
a higher education level and available information on DM
and a healthy lifestyle.”! *® The results indicate a consid-
erable number of people living with undetected DM in
Myanmar. Health assistants and midwives are the primary
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healthcare givers for the rural DM people without specialists
at the Rural Health Centre level,27 while urban dwellers can
at least consult a general practitioner.” In Myanmar, health
insurance systems have yet to be established, so patients
with DM need to spend out-of-pocket money for treatment.
Hence, they may face a catastrophic financial condition and
therefore fail to attend regular follow-ups and treatment.”
A higher proportion of rural than urban dwellers lived on
<1.9 USD/day. Consequently, they may have fewer oppor-
tunities to have a health check-up and thus more often live
with uncontrolled DM.

In our study, the urban residents had higher odds of
DM than rural dwellers, even after an adjustment for
possible confounders. One possible explanation for this is
an association between urban stress and DM. Urban resi-
dents face overcrowding, unemployment, poor housing,
poverty, competition and cultural dislocation on a daily
basis, thereby leading to stress conditions such as anxiety
and depression.” Experiencing long-term stress has been
shown to be associated with DM™ due to increased
levels of cortisol and decreased levels of sex hormones,
disturbing the insulin function.”*?® One study showed
that stress was linked to undetected DM after controlling
for a family history of DM, alcohol consumption, phys-
ical inactivity and a low level of education.” Another
explanation is related to the foods that people consume.
Urban Myanmar residents eat fast food and drink high
caloric soft drinks and alcohol more frequently than rural
dwellers.” This may be related to DM beyond the effect
of the intake of fruit and vegetable, as we did not investi-
gate food patterns in this study. Further studies, including
diet and stress, are therefore warranted to help the differ-
ences in the urban and rural prevalence of DM. Another
possible explanation for the urban rural difference in
DM prevalence is air pollution. In urban areas of Yangon,
a large proportion of residents use bus for transport,
whereas in rural areas, such public transport services are
not available.®® Moreover, there are 20 industrial zones
in Yangon urban region.” Average 24hours PM,, in
Yangon Region in 2012-2013 was 128 pg/m’ (WHO stan-
dard 50 pg/m?).* Several studies have reported that air
pollutant factors such as PM, and NO, had significant
association with type II DM.41_4Q3 However, the excess prev-
alence of DM in our urban population is could not be
explained by relatively small excess pollutants in Yangon
in this study. Further studies like the relationship between
air pollution and type II DM is recommended.

CONCLUSION

The prevalence of DM in the Yangon Region of Myanmar
was high in urban areas. The results indicate a large
number of undetected DM cases in the region, particu-
larly in rural areas. More health services in Myanmar are
needed to serve this population who have a large propor-
tion of undiagnosed DM. Preventive measures to halt
and reduce the prevalence of DM and its risk factors are
urgently needed.

Acknowledgements The authors appreciate all the respondents, interviewers,
townships health officers, basic health staffs and local authorities in the research
townships and responsible persons from the Yangon Regional Health Department,
Department of Public Health, Myanmar. We appreciate to University of Oslo and
"Norwegian Agency for Development Cooperation (Norad) for funding the project
‘Health and Sustainable Development in Myanmar — Competence building in public
health and medical research and education, MY-NORTH’, through the NORHED-
programme: Norad: 1300650, MMR-13/0049 NORHED, Ui0: 211782.

Contributors WPA: design of the article, statistical analysis and wrote the draft

for this article. MKRK: idea and design of the article, interpretation of the data and
the content of the article. ASH: principle investigator and conception and design of
the study, and collected the data and assisted in the data analysis. EB: conception
and design of the study and the article, interpretation of the data and the content of
the article. HS: data analysis and interpretation of the data. VC: interpretation of the
data and to the content of the article. All authors: scientific content of the paper and
read and approved the final version of it.

Funding The research was funded by Norad/NORHED, Project: MMY-13/0049
(MY-NORTH-1300650).

Competing interests None declared.
Patient consent Obtained.

Ethics approval Ethical approval for this study was obtained by the Norwegian
Regional Committees for Medical and Health Research Ethics (2013/1088) and the
Department of Health, Ministry of Health, Republic of the Union of Myanmar.

Provenance and peer review Not commissioned; externally peer reviewed.
Data sharing statement Not available for additional data.

Open Access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the
article) 2018. All rights reserved. No commercial use is permitted unless otherwise
expressly granted.

REFERENCES

1. Goryakin Y, Rocco L, Suhrcke M. The contribution of urbanization
to non-communicable diseases: Evidence from 173 countries from
1980 to 2008. Econ Hum Biol 2017;26:151-63.

2. Allender S, Lacey B, Webster P, et al. Level of urbanization and non-
communicable disease risk factors in Tamil Nadu, India. Bull World
Health Organ 2010;88:297-304.

3. Pan A, Malik VS, Hu FB. Exporting diabetes mellitus to Asia: the
impact of Western-style fast food. Circulation 2012;126:163-5.

4. World Health Organization. The top 10 causes of death. 2017 http://
www.who.int/mediacentre/factsheets/fs310/en/ (accessed 12 Oct
2017).

International Diabetes Federation. IDF diabetes Atlas. 8" edn, 2017.

World Health Orgainzation. Global report on diabetes, 2016.

Bjertness MB, Htet AS, Meyer HE, et al. Prevalence and determinants

of hypertension in Myanmar - a nationwide cross-sectional study.

BMC Public Health 2016;16:590.

8. World Health Organization. Non-communicable Diseases Country

Profiles 2014. Switzerland 2014.

9. World Health Organization. Myanmar (Yangon Division) STEPS
Survey 2004 fact sheet. 2004 http://www.who.int/chp/steps/
Myanmar_2004_FactSheet.pdf (accessed 12 Oct 2017).

10. World Health Organization. Report on national survey of diabetes
mellitus and risk factors for non-communicable diseases in Myanmar
2014, 2017.

11. Yau JW, Rogers SL, Kawasaki R, et al. Global prevalence and major
risk factors of diabetic retinopathy. Diabetes Care 2012;35:556-64.

12. Barengo NC, Katoh S, Moltchanov V, et al. The diabetes-
cardiovascular risk paradox: results from a Finnish population-based
prospective study. Eur Heart J 2008;29:1889-95.

13. Moxey PW, Gogalniceanu P, Hinchliffe RJ, et al. Lower extremity
amputations-a review of global variability in incidence. Diabet Med
2011;28:1144-53.

14. World Health Organization. 2008 STEPwise approach to chronic
disease risk factor survey report, 2007.

No o

8

Aung WP, et al. BMJ Open 2018;8:2020406. doi:10.1136/bmjopen-2017-020406

"1ybuAdoo Aq paroslold 1sanb Aq #7202 ‘9z aunr uo ;jwod fwg uadoluwg//:dny woll papeojumod '8T0Z YdJe O U0 90%7020-/T0Z-uadolwag/osTT 0T St paysiignd 1sai :uado NG


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1016/j.ehb.2017.03.004
http://dx.doi.org/10.2471/BLT.09.065847
http://dx.doi.org/10.2471/BLT.09.065847
http://dx.doi.org/10.1161/CIRCULATIONAHA.112.115923
http://www.who.int/mediacentre/factsheets/fs310/en/
http://www.who.int/mediacentre/factsheets/fs310/en/
http://dx.doi.org/10.1186/s12889-016-3275-7
http://www.who.int/chp/steps/Myanmar_2004_FactSheet.pdf
http://www.who.int/chp/steps/Myanmar_2004_FactSheet.pdf
http://dx.doi.org/10.2337/dc11-1909
http://dx.doi.org/10.1093/eurheartj/ehn250
http://dx.doi.org/10.1111/j.1464-5491.2011.03279.x
http://bmjopen.bmj.com/

8 Open Access

15. 29.

16.

17.

18.
19.
20.
21.

22.

23.
24.
25.
26.
27.

28.

World Health Organization. Noncommunicable diseases risk factor
survey Myanmar 2009, 2011.

Ferreira FHG, Chen S, Dabalen A, et al; A global count of the extreme
poor in 2012: Data issues, methodology and initial results, 2015.
http://ftp.iza.org/dp9442.pdf (accessed 12 Oct 2017).

World Health Organization. Definition and diagnosis of diabetes
mellitus and and intermediate hyperglycemia, 2006.

Ministry of Immigration and Population, The Republic of the Union
of Myanmar. The 2014 Myanmar population and housing census,
Yanogn Region, census report volume 3-L, 2015.

Htet AS, Bjertness MB, Sherpa LY, et al. Urban-rural differences in
the prevalence of non-communicable diseases risk factors among
25-74 years old citizens in Yangon Region, Myanmar: a cross
sectional study. BMC Public Health 2016;16:1225.

Ramachandran A, Snehalatha C, Shetty AS, et al. Trends in prevalence
of diabetes in Asian countries. World J Diabetes 2012;3:110-7.
Agardh E, Allebeck P, Hallgvist J, et al. Type 2 diabetes incidence
and socio-economic position: a systematic review and meta-
analysis. Int J Epidemiol 2011;40:804-18.

Hou X, Qiu J, Chen P, et al. Cigarette smoking is associated with a
lower prevalence of newly diagnosed diabetes screened by OGTT
than non-smoking in chinese men with normal weight. PLoS One
2016;11:e0149234.

Willi C, Bodenmann P, Ghali WA, et al. Active smoking and the risk
of type 2 diabetes: a systematic review and meta-analysis. JAMA
2007;298:2654-64.

Koppes LL, Dekker JM, Hendriks HF, et al. Moderate alcohol
consumption lowers the risk of type 2 diabetes: a meta-analysis of
prospective observational studies. Diabetes Care 2005;28:719-25.
Liu C, Yu Z, Li H, et al. Associations of alcohol consumption with
diabetes mellitus and impaired fasting glycemia among middle-aged
and elderly Chinese. BMC Public Health 2010;10:713.

Agardh EE, Sidorchuk A, Hallgvist J, et al. Burden of type 2 diabetes
attributed to lower educational levels in Sweden. Popul Health Metr
2011;9:60.

Latt TS, Aye TT, Ko K, et al. Myanmar diabetes care model: bridging
the gap between urban and rural healthcare delivery. Journal of the
ASEAN Federation of Endocrine Societies 2015;30:105-17.

Aye T, Oo E, Aung M. Diabetes mellitus in Myanmar: socio-cultural
challenges and strength. Journal of Social Health and Diabetes
2014;2:9.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

43.

World Health Organization. Hidden cities: unmasking and overcoming
health inequities in urban settings, 2010.

Wilkinson R, Marmot M. Social determinants of health: the solid
facts. Second Edition, 2003.

Kisch ES. Stressful events and the onset of diabetes mellitus. Isr J
Med Sci 1985;21:356-8.

Kawakami N, Araki S, Takatsuka N, et al. Overtime, psychosocial
working conditions, and occurrence of non-insulin dependent
diabetes mellitus in Japanese men. J Epidemiol Community Health
1999;53:359-63.

Lloyd C, Smith J, Weinger K. Stress and diabetes: a review of the
links diabetes. Spectr 2005;18:121-7.

Adli M. Urban stress and mental health. 2011: London School of
Economics. https://Isecities.net/media/objects/articles/urban-stress-
and-mental-health/en-gb/ (accessed 12 Oct 2017).

McEwen BS. Stress, adaptation, and disease. Allostasis and
allostatic load. Ann N 'Y Acad Sci 1998;840:33-44.

Bjorntorp P. Visceral fat accumulation: the missing link between
psychosocial factors and cardiovascular disease? J Intern Med
1991;230:195-201.

Mooy JM, de Vries H, Grootenhuis PA, et al. Major stressful life
events in relation to prevalence of undetected type 2 diabetes: the
Hoorn Study. Diabetes Care 2000;23:197-201.

Asian Development Bank. Myanamar transport sector policy note
urban transport, 2016.

Myanmar Industries Association. Industries zones. http://
myanmarindustries.org/index.php/zone/industrial-zones (accessed
19 Dec 2017).

Zin MMT. Air impact assessment in myanmar development projects,
2014.

Eze IC, Hemkens LG, Bucher HC, et al. Association between ambient
air pollution and diabetes mellitus in Europe and North America:
systematic review and meta-analysis. Environ Health Perspect
2015;123:381-9.

. Andersen ZJ, Raaschou-Nielsen O, Ketzels M, et al. Diabetes

incidence and long-term exposure to air pollution, a cohort study.
Diabetes Care 2012;35:92-8.

Brook RD, Jerrett M, Brook JR, et al. The relationship between
diabetes mellitus and traffic-related air pollution. J Occup Environ
Med 2008;50:32-8.

Aung WP, et al. BMJ Open 2018;8:€020406. doi:10.1136/bmjopen-2017-020406

"1ybuAdoo Aq paroslold 1sanb Aq #7202 ‘9z aunr uo ;jwod fwg uadoluwg//:dny woll papeojumod '8T0Z YdJe O U0 90%7020-/T0Z-uadolwag/osTT 0T St paysiignd 1sai :uado NG


http://ftp.iza.org/dp9442.pdf
http://dx.doi.org/10.1186/s12889-016-3882-3
http://dx.doi.org/10.4239/wjd.v3.i6.110
http://dx.doi.org/10.1093/ije/dyr029
http://dx.doi.org/10.1371/journal.pone.0149234
http://dx.doi.org/10.1001/jama.298.22.2654
http://dx.doi.org/10.2337/diacare.28.3.719
http://dx.doi.org/10.1186/1471-2458-10-713
http://dx.doi.org/10.1186/1478-7954-9-60
http://dx.doi.org/10.15605/jafes.030.02.16
http://dx.doi.org/10.15605/jafes.030.02.16
http://dx.doi.org/10.4103/2321-0656.120255
http://www.ncbi.nlm.nih.gov/pubmed/3997499
http://www.ncbi.nlm.nih.gov/pubmed/3997499
http://dx.doi.org/10.1136/jech.53.6.359
https://lsecities.net/media/objects/articles/urban-stress-and-mental-health/en-gb/
https://lsecities.net/media/objects/articles/urban-stress-and-mental-health/en-gb/
http://dx.doi.org/10.1111/j.1749-6632.1998.tb09546.x
http://dx.doi.org/10.1111/j.1365-2796.1991.tb00431.x
http://dx.doi.org/10.2337/diacare.23.2.197
http://myanmarindustries.org/index.php/zone/industrial-zones
http://myanmarindustries.org/index.php/zone/industrial-zones
http://dx.doi.org/10.1289/ehp.1307823
http://dx.doi.org/10.1097/JOM.0b013e31815dba70
http://dx.doi.org/10.1097/JOM.0b013e31815dba70
http://bmjopen.bmj.com/

	Urban–rural differences in the prevalence of diabetes mellitus among 25–74 year-old adults of the Yangon Region, Myanmar: two cross-sectional studies
	Abstract
	Population and methods
	Sampling
	Data collection and measurement
	Variables
	Statistical methods

	Results
	Discussion
	Conclusion
	References


