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Background: Despite the evidence that physical activity (PA) can prevent type 2 diabetes 
mellitus (T2DM), limited research investigated the level of PA among diabetes and non- 
diabetes in Myanmar, where there is the escalating prevalence of diabetes recently. We 
investigated PA as modified the risk of diabetes, in a case-control study.
Methods: We conducted a case-control study which included 150 cases and 150 controls age 
25–74 years (Mean age 43.3±14.7 years) among the cases and (55.1±10.9 years) among the 
controls, both sex and residence in Yangon. Cases were newly diagnosed with T2DM within six 
months before data collection, with laboratory-confirmed fasting blood glucose level ≥126mg/dl. 
Controls were community residents, without diabetes, confirmed with a laboratory test. The 
IPAQ-S was used to assess the PA level. Multiple logistic regression analysis was applied in 
STATA 15, using the interaction terms for age and PA, adjusting age, sex and BMI.
Results: In comparison to controls, cases were older and having less PA knowledge. The 
levels of vigorous PA were mean 254.9±standard deviations (SD) 845.6 METsmin.wk−1 among 
controls, 73.06±392.1 cases, moderate PA 631.5±1240.8 METsmin.wk−1 among controls and 
1050.9±1601.6 cases and walking PA 569.8±1060 METsmin.wk−1 among controls and 777.4 
±1249 cases, respectively. The multiple logistic regression analysis showed adjusted odds 
ratios (aOR) 3.84, 95% confidence interval (CI) 1.18–12.42 (P<0.05) for those aged 40 and 
older, with moderate PA and aOR 18.01, Cl 6.45–50.26 (P<0.001) for those aged 40 and 
older, with low PA. Comparing the strength of association, the risk of T2DM among people 
aged 40 and older with moderate PA is lower than age over 40 with low PA.
Conclusion: PA lessened the risk of T2DM, posted by increasing age. The findings high-
lighted the importance of promoting PA to reduce the T2DM prevalence in the context of 
Yangon, Myanmar, a low- and middle-income Asian country.
Keywords: METs, effect modification, non-communicable disease; risk of diabetes, global 
health, public health

Introduction
Type 2 diabetes mellitus (T2DM) is the most common metabolic disorder worldwide and 
its prevalence nowadays has unprecedented growth in both developed and developing 
countries.1,2 The global prevalence of diabetes in 2017 was approximately 425 million 
(8.8%) and is expected to rise to 629 million by 2045; approximately 70% of this growth 
is predicted to occur in the developing world, as is now happening in Asia.3,4 Myanmar, 
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Southeast Asia developing country is home to more than 
5 million people with T2DM according to the International 
Federation of Diabetes and the burden is escalating fast 
recently.5

According to the studies, using the results of the national 
survey conducted in Myanmar,  applying World Health 
Organization STEPwise approach to surveillance (WHO- 
STEPS)  in 2014, the prevalence of diabetes was 10.5% and 
impaired glucose tolerance was 19.7% for the adult population 
aged between 25 and 64 years.6 The silent epidemic of dia-
betes is widespread in Myanmar, may bring many other non- 
communicable diseases such as cardiovascular, strokes, dis-
ability, and deaths as its complications, resulting in heavy 
healthcare costs for this low-income country. Yangon 
Region, the most populated in Myanmar and the former capital 
is known to have the highest prevalence (18.2%) of diabetes in 
Myanmar.7

The PA is the cornerstone of lifestyle modification aimed 
at preventing and managing T2DM and its related morbid-
ities. PA has been shown to improve glycaemic control 
through increased insulin sensitivity and glucose tolerance.8 

The increase in the incidence of T2DM has been increasing 
in parallel with the incidence of obesity and overweight.9 

There are many health-related components of physical fitness 
that are positively affected by regular physical activity; body 
composition, cardiorespiratory resistance, body composition, 
muscle strength and muscular resistance.10

Regular PA benefits the health of adults with T2DM11 

and also diminishes the risk of cardiovascular risk factors, 
notably in the prevention and management of T2DM, 
which is well documented.12,13 The lack of PA is the 
fourth leading risk factor for global mortality, despite the 
known hazards of being sedentary, PA levels continue to 

fall worldwide.14 Such physical inactivity crisis is serious 
in Yangon, which is very urban but its city structure is 
incompletely urbanized un-favouring active transportation 
and PA.

PA can be assessed by various approaches; The 
International Physical Activity Questionnaires-short form 
IPAQ-S was developed by the WHO in 1998 for surveil-
lance of PA and to facilitate global comparisons. 
Concerning the research tools, the IPAQ has high reliabil-
ity and validity and has been used in several studies.15 

According to the intensity of the IPAQ-S, it records four 
types of PA: vigorous PA, moderate PA, low PA and sitting 
time. And the studies conducted in Myanmar considering 
all four domains of PA were lacking and suggested simple 
lifestyle interventions such as promoting a healthy diet and 
PA that are effective in the prevention of diabetes.14 Our 
present study aimed to (1) describe PA levels in a sample 
of Yangon resident population, (2) compare the PA levels 
between new diabetes patients and non-diabetes controls 
in Yangon and (3) determine how people with different 
level of PA are at the risk of type 2 diabetes mellitus, 
adjusting biological risk factors age, sex and BMI (body 
mass index).

Methods
Study Design
It was an observational study assembled in case-control study 
design. Cases and controls were, administered a standardized 
questionnaire as a validated instrument such as IPAQ-S and 
social demographic information. Additionally, the anthropo-
metric measurements such as weight, height and waist circum-
ference were provided. Fasting venous blood glucose test 

Table 1 Inclusion and Exclusion Criteria 

Case Control

Inclusion - Age: 25–74 years, Either sex 

- Patients newly diagnosed with T2DM within six months before 

data collection 
-Diagnosed by fasting plasma glucose ≥ 126mg/dl and/or random 

blood glucose (RBG) ≥ 200 mg/dl, with or without osmotic 

symptoms of diabetes (polyuria, polydipsia, thirst, bodyweight loss) 
- All races and religions 

Residence in Yangon

- Age: 25–74 years, either sex 

- Individuals who do not have any history of diabetes or taking 

any diabetes medication such as oral antihyperglycemic agents 
or insulin 

- Fasting blood glucose <110mg/dl and random blood glucose 

<140mg/dl 
- All races and religions 

Residence in Yangon

Exclusion - In a long-term modification of diet due to any reason 

- Institutionalized patients 

- A person residing neither in Yangon region nor tourists or 
foreigners

- Non-diabetic patients with chronic diseases like kidney failure 

- Overage and not residing in Yangon region

http://doi.org/10.2147/DMSO.S291468                                                                                                                                                                                                                                                                               

DovePress                                                                                          

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14 1730

Ahmad et al                                                                                                                                                          Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


differentiated diabetes and non-diabetes status. Eligibility cri-
teria were set for restriction of the study sample and control-
ling possible recall bias (Table 1).

Study Setting
The participants of this research were residents (Age: 25–74 
years) of Yangon, Myanmar. The case side participants: who 
are newly diagnosed with T2DM within 6 months, Control 
side: who do not have T2DM. The sites of this study were 
XXX General Hospital and xxx Diabetes Special Clinic. The 
T2DM status of case subjects were confirmed by the clinical 
record whereas the controlled participants recruited from the 
community, after diabetes is ruled out by a prospective fast-
ing blood glucose test.

Sample Size
The sample size was estimated using the finding in 2014 
Myanmar STEP survey, 16% of the participants are phy-
sically inactive. Thus, we assumed this proportion as 
exposure proportion to the risk factor in the control 
group. Assuming those people with diabetes may have 
a higher proportion of exposure to the risk factor, we set 
the proportion of exposure among the case as 26%. Using 

the formula for unmatched case-control study, required 
sample to seek a difference of these two proportions is 
260. Thus, a sample of 300 will be sufficient to see the 
statistical significance with the power of 80% and 95% 
confidence interval. It also will cover the adding up 10% 
sample size for non-respond. The sample size was calcu-
lated by the following formula.16

n ¼ ð
r þ 1

r
Þ
ðp� Þð1 � p� ÞðZβ þ Zα=2Þ

2

ðp1 � p2Þ
2 

Case and Control Definitions
Case: The diabetes patients determined by the fasting 
plasma glucose of 110–126 mg/dL

Control: Non-diabetes patients with normal fasting 
plasma glucose. Participants in both groups were screened 
to meet eligibility criteria. The difference between two 
groups is only diabetes status (Table 1).

Data Collection
A face-to-face interview was conducted by trained inter-
viewers. The standardized questionnaire as a validated 
instrument included personal demographic factors (sex, 

Table 2 Socio-Demographic Characteristics of Study Participants (n=300)

Variables Control (n=150) n (%) Case (n=150) n (%) Value χ2 P-value

Age
Under 40 years 71 (47.3) 13 (8.6) 55.62 <0.01

40 years and older 79 (52.7) 137 (91.3)

Sex
Male 67 (44.7) 47 (31.3) 5.65 0.02
Female 83 (55.3) 103 (68.7)

Marriage status
Never married/Single 62 (41.3) 18 (12.0) 35.32 <0.01

Married 72 (48.0) 99 (66.0)

Separated 2 (1.3) 3 (2.0)
Divorced 0 (0.00) 2 (1.3)

Widowed 14 (9.3) 28 (18.7)

House hold’s average monthly income
Less than average 4 (2.74) 11 (7.3) 37.55 <0.01

Middle 14 (9.6) 16 (10.7)
High 39 (26.7) 80 (53.3)

Very high 89 (60.9) 43 (28.7)

Level of education
High school completed 61 (40.2) 117 (78.3) 46.4 <0.01

College/University completed 80 (53.7) 31 (20.8)
Post graduate degree 9 (6.04) 1 (0.7)
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age, and educational level), family history, smoking 
status, alcohol consumption, hypertension, PA knowl-
edge and PA (IPAQ-S) within the last week (Tables 2 
and 3). Current smokers were defined based on the 
WHO criteria, as those who self-reported smoking 
every day.17 Regular alcohol drinkers were defined as 
drinking more than twice per week for at least one year. 
Hypertension was screened with interview and measure-
ment of blood pressure. We counted those who are on 
antihypertensive with known hypertension and we con-
ducted blood pressure measurement. Hypertension was 
diagnosed if, the systolic blood pressure readings were 
≥140 mmHg and/or the diastolic blood pressure readings 
≥90 mmHg upon two repeated measurements.18 

Additionally, the research participants were requested 
to undergo physical examinations for weight, height 
and waist circumference. We also provided laboratory 
testing of fasting venous blood to assess the blood 
glucose to confirm the non-T2DM status in the control 
group. We asked participants whether they have ever 
received physical education, where and when to assess 
their PA knowledge.

Translation of Questionnaires
The original English set of questionnaires including IPAQ- 
S was translated into Myanmar language by two indepen-
dent native speakers. The two translations, one each from 
the translators, were synthesized into a single Myanmar 
language version by a panel of experts consisting of the 
translators and the principal investigator. The panel of 
experts compared the two backward and forward transla-
tions with the original English version to ensure that the 
concept of questions had not been lost during the transla-
tions. The process of translation and adaptation of instru-
ments was done by using WHO guidelines.19

IPAQ-S Scoring
According to IPAQ-S scoring protocol,20 METsmin.wk−1 of 
a specific activity (vigorous, moderate and low-intensity 
PA) is computed by multiplying the MET value of particular 
activity (3.3 for walking, 4.0 for moderate PA, and 8.0 for 
vigorous PA) with hours spent in that particular activity (eg, 
walking METsmin.wk−1 =3.3×walking minutes × walking 
days). Only the activities lasting at least 10 minutes were 
taken into account. The PA was categorized using the IPAQ 

Table 3 Lifestyle Behaviour Risk Factors for T2DM Among Case and Control (n=300)

Variables Control (n=150) n (%) Case (n=150) n (%) Value χ2 P-value

Hypertension
No 129 (86.0) 105 (70.47) 10.4 <0.01

Yes 21 (14.0) 44 (29.5)

Family Diabetes history
No 63 (47.7) 56 (38.6) 10.29 0.13
Yes 69 (52.3) 89 (61.4)

Smoking
Never 121 (80.7) 125 (83.3) 12.09 <0.01

Quit 11 (7.3) 21 (14.0)

Still smoking 18 (12.0) 4 (2.7)

Alcohol intake
Never 105 (70) 130 (86.7) 28.6 <0.01
Quit 7 (4.7) 14 (9.3)

Regularly 38 (25.3) 6 (4.0)

PA knowledge
No 53 (35.3) 92 (61.3) 20.3 <0.01

Yes 97 (64.7) 58 (38.7)

BMI
<22 40 (26.7) 19 (12.7) 12.7 <0.01
22–25 31 (20.6) 52 (34.7)

>25 79 (52.7) 79 (52.7)

http://doi.org/10.2147/DMSO.S291468                                                                                                                                                                                                                                                                               

DovePress                                                                                          

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14 1732

Ahmad et al                                                                                                                                                          Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


scoring protocol. The cut-off levels are based on the current 
guidelines for PA in the IPAQ scoring protocol as three 
groups: 1. “low” (some activity is reported but not enough 
to meet categories 2 or 3), 2. “moderate” (5 or more days of 
any combination of walking, moderate-intensity or vigor-
ous intensity activities achieving a minimum of at least 600 
METsmin.wk−1) and 3. “high” (7 or more days of any combi-
nation of walking, moderate- or vigorous-intensity activ-
ities accumulating at least 3000 METsmin.wk−1).20(Table 4)

Statistical Analysis
Differences in socio-demographic characteristics and life-
style behaviours between the case and the control group 
in categorical variables were assessed by the chi-squared 
test. Two age categories <40 and ≥40 years and three 
categories of on BMI (<22, 22–25, >25) were specified. 
A 95% confidence interval (Cl) and P-value of <0.05 was 
considered significant. We used univariate logistic regres-
sion to identify factors associated with T2DM. We con-
structed multivariable logistic regression models to adjust 
for potential confounders for the association between 
T2DM and PA. The dependent variable was T2DM, and 
the independent variables were age, sex, BMI and PA to 
identify the odds ratio (OR) of each PA domain. To 
assess the associations of T2DM and PA using the 

logistic regression models adjusted with age, sex and 
BMI. Adjusted OR and their 95% CI were calculated to 
test strength of association. Furthermore, we applied the 
interaction terms in the multivariable logistic regression 
model to investigate “the interaction of physical activity 
and age” to associate with the outcome T2DM, categor-
izing participants into two groups: those younger than 40, 
and those aged 40 and over and into three groups: low, 
median and high PA. Before testing effect modification, 
we first tested different age stratum in the univariate 
analysis. The age of 40 years was the point we can 
start to see the significant risk of diabetes. Existing lit-
erature, WHO-STEP survey in Myanmar, had shown 45 
years of age as risk factor.14 Finally, we chose earlier 
point for recommending earlier introduction of lifestyle 
intervention. All analyses were performed by using the 
STATA version 15.1 (Stata Corp, College Station, 
TX, USA)

Ethical Approval
This study was approved by the Ethical Review Board 
of the Juntendo University, Tokyo (authorization number 
2017141) and Myanmar Ministry of Health (registry 
number (MHRR, PLRID-00625_V1)). Our study was 
conducted under the Declaration of Helsinki. The 

Table 4 Physical Activity of Diabetes and Non-Diabetes in Yangon Myanmar, 2019 (n=300)

Physical Activity Level Control n=150 Case n=150 P-value

Total PA

Mean ±SD 1456.2 (2600.4) 1901.4 (2917.9) 0.48
Median (IQR) 432.75 (0–1413) 282.5 (0–3066)

Vigorous METs min.wk−1 (8.0 METs)

Mean ±SD 254.9 ± 845.6 73.1 ±392.1 0.01*
Median (IQR) 0 (0–0) 0 (0–0)

Moderate METs min.wk−1 (4.0METs)

Mean ±SD 631.5 (1240.8) 1050.9 (1601.6) 0.13
Median (IQR) 120 (0–576) 140 (0–1680)

walking METs min.wk−1 (3.3 METs)
Mean ±SD 569.8(1060) 777.4 (1249) 0.89
Median (IQR) 107.25 (0–693) 0 (0–1188)

PA level groupP n (%) n (%)
Low 87 (58.0) 82 (54.6) 0.12#

Moderate 56 (26.0) 30 (20.0)
High 24 (16.0) 38 (25.3)

Notes: *Mann–Whitney test, #Chi square test. METs=Amount of metabolic equivalent minutes per week (METs min.wk−1) in the IPAQ-S categories. PLow (some activity is reported but 
not enough to meet categories 2 or 3), moderate (5 or more days of any combination of walking, moderate-intensity or vigorous intensity activities achieving a minimum of at least 600 
METsmin.wk-1) and high (7 or more days of any combination of walking, moderate- or vigorous-intensity activities accumulating at least 3000 METsmin.wk-1).19 

Abbreviations: SD, standard deviation; IQR, interquartile range; PA, physical activity.
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research work and patients were recruited after informed 
consent was obtained. We stored the data in a computer 
and secured it with a password, access was limited only 
to the study team.

Results
We included 150 cases with T2DM and 150 controls without 
T2DM. Table 2 shows the social and demographic character-
istics of the participants. Mean age of the study is 43.3±14.7 
years among the cases and 55.1±10.9 years among the con-
trols. When comparing the proportion of persons aged 40 
years and older, the case group consisted of 91% and the 
control group 52.7% 40 years and older people (P<0.01, Chi- 
square test). The case group consisted of a larger proportion 
of the female than the control group (68% vs. 55.3%) 
(P=0.02) Chi-square test). However, family history of dia-
betes mellitus was not different between case and control 
group. Case group had a higher proportion of those having 
unhealthy behaviour such as smoking, drinking alcohol, and 
also being overweight significantly (Table 3).

Median PA level of the T2DM patients was 282.5 
METsmin.wk1, interquartile range (IQR) (0–3066) which 
was less than median PA level of the non-diabetes con-
trols 432.75 (IQR 0–1413). (Table 4) Specifically, the 

PA level of the vigorous type of activity was signifi-
cantly higher among the control group than the T2DM 
patients (P-0.006 Mann–Whitney test, Table 4). 
Comparing case and control group in the category of 
PA level, there was no statistically significant difference. 
Both groups comprised the majority having low physical 
activity, but the control group comprised a slightly 
higher proportion of persons with moderate physical 
activity (Table 4).

Again, when the PA level in METsmin.wk−1 was com-
pared in three groups of PA, vigorous type of physical 
activity was higher among the controls than the cases. PA 
levels METmin.wk−1 were compared between cases and 
controls within the categories of low PA, moderate PA 
and high PA (Figure 1). There was a higher level of 
vigorous activity (like heavy lifting, digging, aerobics, or 
fast bicycling) in the control group as compared to the case 
group. The mean ± (SD) and median and interquartile 
range (IQR) of vigorous PA, moderate PA, walking and 
total PA are shown in Table 4. The mean of vigorous 
METsmin.wk−1 (8.0 METs) was 254.9 (845.6) among con-
trol and 73.06 (392.1) among cases. In addition, moderate 
METs were 631.5 (1240.8) control and 1050.9 (1601.6) 
cases, respectively. As the data did not show the normal 

Figure 1 Level of physical activity (PA) in METsmin.wk−1 among diabetes patients and non-diabetes control group, within the category of low PA, moderate PA and active PA, 
Yangon Myanmar, 2019 (n=300). 
Notes: P<0.001, MANOVA compared three kinds of Met level resulted from vigorous activity, moderate activity and walking between case group and control group. Low 
PA group (some activity is reported but not enough to meet categories 2 or 3), moderate PA (5 or more days of any combination of walking, moderate-intensity or vigorous 
intensity activities achieving a minimum of at least 600 METsmin.wk-1) and high PA (7 or more days of any combination of walking, moderate- or vigorous-intensity activities 
accumulating at least 3000 METsmin.wk-1).19
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distribution, median and IQR values were more empha-
sized. Participants of the control presented a higher vigor-
ous and moderate METs compared with the cases (Table 
4). MANOVA compared three kinds of Met level resulted 
from vigorous activity, moderate activity and walking 
between case group and control group (P<0.001, 
Figure 1). Within the physically active group, the level 
of Met due to vigorous activity was significantly higher 
than that of the case group (Figure 1).

Univariate logistic regression results showed 
a significant association of those aged 40 years and older 
and T2DM with an odds ratio (OR) 9.4 (95% confidence 
interval (CI) 4.93–18.19). Furthermore, female gender and 
over-weight and obese people were likely to be T2DM too 
(Table 5). In contrast, people with moderate PA were less 
likely to be associated with T2DM OR 0.48, CI 
(0.24–0.97).

We examined how physical activity level in three cate-
gories modified the association of age and T2DM, in the 
multiple logistic regression models, using the interaction 
terms, and adjusting age, sex and BMI (Table 5). Multiple 
logistic regression without interaction term, could not see 
a significant association of PA and T2DM (Data not 
shown).

Those aged over 40 and having low PA revealed 
a significantly high risk of T2DM, adjusted odds ratio 
(aOR)18.01 (CI) (6.45–50.26). The risk among those 
aged 40 and older, with moderately active was OR=3.84 

(95% CI: 1.18–12.42), still significant but the strength of 
association became less. The magnitude of physical activ-
ity had defined the strength of association between T2DM 
and age over 40. The strength of association with T2DM 
with “aged over 40 having moderate PA” was found to be 
weaker than those “aged over 40 having a low level of 
PA”. PA which is a modifiable factor to T2DM was found 
to be significant effect modifier to the association between 
T2DM and age, non-modifiable biological risk factor, in 
a multivariable logistic regression model, after adjusting 
BMI and gender.

Discussion
This study revealed that patients with T2DM demonstrated 
a low level of physical activity compared to non-T2DM 
people. This study was strategically conducted in Yangon 
city, Myanmar. Yangon was reported to have the highest 
prevalence of diabetes (18%) and prediabetes, twice of 
diabetes prevalence, according to Myanmar national 
STEP survey 2014.21 In that survey, Latt et al reported 
the increased risk of diabetes with increasing age high-
lighting urban residence as the high-risk location for 
T2DM in Myanmar.14

Therefore, it is important to specify modifiable life- 
style risk factors in such a risk setting applying epide-
miological study before launching public health 
intervention.22 The most feasible, effective and the 
quickest way is case-control study situated in that 

Table 5 Investigating the Effect of Physical Activity Upon Risk Factors of Type 2 Diabetes, Case-Control Study (n=300)

Variable Control=150 Case= 150 Univariate Analysis Multivariable Analysis

n (%) n (%) OR 95%Cl P-value Adjusted OR 95%Cl P-value*

Female 83 (55.3) 103 (68.7) Ref Ref
Male 67 (44.7) 47 (31.3) 0.56 (0.35–0.90) 0.02 1.7 (1.01–3.01) <0.05

Low PA 87 (58.0) 82 (54.6) Ref Ref

Moderate PA 56 (26.0) 30 (20.0) 0.48 (0.24–0.97) <0.05 0.53 (0.09–3.06) 0.49
High PA 24 (16.0) 38 (25.3) 0.59 (0.32 −1.07) 0.09 0.19 (0.03 −1.05) 0.06

BMI<22 40 (26.7) 19 (12.7) Ref Ref
BMI  22–25 31 (20.6) 52 (34.7) 3.53 (1.74–7.14) <0.001 1.83 (0.80–4.17) 0.15

BMI >25 79 (50.0) 79 (50.0) 2.10 (1.12–3.94) <0.05 1.02 (0.47–2.18) 0.96

Age <40 71 (47.3) 13 (8.6) Ref Ref
Age ≥40 79 (52.7) 137 (91.3) 9.4 (4.93–18.19) <0.001

Age # METs Categories
≥40# High PA 3.19 (0.69–14.74) 0.14

≥40# Moderate PA 3.84 (1.18–12.42) <0.05

≥40# Low PA 18.01 (6.45–50.26) <0.001

Notes: *Controlled if the total METs are equal to zero. Age # METs Categories (modification term), Adjusted for age sex and BMI.
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particular social and cultural setting.23 Furthermore, no 
previous study measured the level of physical activity 
using a validated instrument like IPAQ-S in Yangon 
where the silent epidemic of diabetes is occurring 
amidst the trendy sedentary lifestyle and increasing 
motorization.6,14

That was the reason why we conducted a case-control 
study in Yangon, performing an accurate measurement of 
PA and investigating its association with diabetes and risk 
factor especially age, reported in national STEP survey.21 

We set the eligibility criteria similar to national survey 
with a strict definition of case and control and being 
residents of Yangon to specify the study domain.

The IPAQ-S measures PA level in METs. It was trans-
culturally validated and applied to new diabetes patients 
and controls who are residents of the urban community in 
Yangon. Forward and backward translation, cognitive tests 
and pilot study preceded the actual study ensuring the 
reliability of the instrument.19

The findings showed that there is an increasing risk of 
diabetes in older age specifically, 40 years and older 
(Tables 1 and 5). The prevalence of DM in the Yangon 
Region was generally increasing with age, which is similar 
to previous studies among Asian Indians and Chinese 
population.24–28 As for the lifestyle behaviour risk factors 
of T2DM, previous studies have indicated that physical 
inactivity,24 smoking,25 and alcohol consumption26 may 
increase the risk of diabetes, the findings of our study are 
consistent (Table 2, 3). Smoking leads to insulin resistance 
through various underlying effects, including oxidative 
stress, inflammation, and endothelial dysfunction.27 

Alcohol intake also interferes with glucose metabolism in 
the body, thus increasing blood glucose levels. Previous 
studies have shown that hypertension, dyslipidaemia, and 
CHD (coronary heart disease) frequently occur together 
with diabetes, indicating that a significant association exists 
between these diseases and glucose metabolism.24 The 
study also showed that BMI significantly associated with 
T2DM, the increased BMI were found to be associated with 
an increased risk of T2DM in previous studies.28 Our study 
added evidence for a modifiable risk factor physical in 
activity.

PA levels reported in the results of current study were 
relatively less than those reported in the study conducted 
in 20 countries worldwide using the same instrument 
(IPAQ-S).29 (Table 4) This is also in the agreement with 
previous studies which found that lower exercise capacity 

is common in patients with T2DM.30,31

Equally distributed low level of PA among cases and 
controls in the current study indicated that population-level 
PA promotion interventions are required in Yangon, Myanmar 
(Table 4). The mean±sd of Vigorous METsmin.wk−1 found 
lower in cases as compared to controls (Figure 1). The cate-
gorical scores of IPAQ-s showed that 20% of participants 
showed moderate PA (five or more days of any combination 
of walking, moderate-intensity or vigorous-intensity activities 
achieving a minimum Total physical activity of at least 600 
MET-minutes/week) of cases and higher scores found among 
controls (Table 4).

A cross-sectional study by Aung et al, comparing the 
urban and rural prevalence of diabetes mellitus of the 
Yangon Region found low physical activity was associated 
with T2DM.5 In addition, Aekplakorn et al, in neighbour-
ing Thailand showed that low physical activity together 
with a high carbohydrate intake pattern increased the risk 
of metabolic syndrome.32 The rapid rise in diabetes pre-
valence concurs with findings in other Asian countries, 
like China, Malaysia, South Korea, Taiwan and 
Singapore.33 A previous systematic review highlighted 
that exercising regularly is effective in improving insulin 
sensitivity, and mentioned that both aerobic along with 
resistance training have comprehensive benefits to patients 
with diabetes.34

We also identified that people acquired a low level of 
PA knowledge as most of the respondents answered that 
they got PA knowledge from diabetes clinics just after 
being diagnosed with diabetes (Table 1). It would high-
light the need for physical education which is launched 
earlier such as in the primary schools and in the 
communities.35 This result corresponds with the findings 
of Hui et al, a study of Chinese adults with T2DM, where 
those participants who were knowledgeable about appro-
priate exercise prescription exhibited higher levels of PA 
than those who were short of relevant knowledge.36

Moreover, comparing cases and control within the 
high, moderate and low PA categories identified that 
METs level acquired through moderate and vigorous 
PA is high among the control (Figure 1 and Table 4). 
Further analysis identified a very high risk of T2DM 
among Yangon residents, aged over 40, having low PA 
and a slighter lower risk among those with moderate PA 
(Table 5). This result was confirmed in the multivariable 
model, adjusting age, sex and BMI. Diabetic individuals 
engaged in physical exercise for at least 30 minutes/day 
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present better glycemic control and lower medication use 
than sedentary ones.37 Insulin sensitivity, which is one of 
the mechanisms of diabetes, is improved by moderate to 
high level of PA.38 There is a well-documented benefi-
cial effect of physical activity among type 2 diabetic 
individuals, higher physical fitness.39 Likewise, the pre-
sent study observed the same patterns of association 
between habitual physical activity and diabetes.

The finding in our study identified who are at acquired 
risk of diabetes in addition to biological risk factor which 
is age. Importantly we identified modifiable lifestyle risk 
factor, “physical inactivity”.30 It would help health author-
ity for guiding policy and preventive intervention in sev-
eral ways. We recommended that physical activity 
promotion intervention becomes mandatory for those 
aged older than 40 and living in Yangon and similar 
communities across Myanmar and Asia. It might push 
medical professionals to prescribe “exercise as medicine” 
for preventing diabetes individually.40 Therefore, preven-
tive intervention such as screening and early lifestyle 
changes to promote physical activity should be prioritized 
to high-risk persons, based on the current study findings.

However, as the country is having a large proportion of 
its population at the risk of diabetes and prediabetes, 
promoting PA in a population approach would be more 
suitable than the high-risk approach. PA represents 
a health behavior, an informed choice, resulting from 
individual self-efficacy, walkable environment, city land-
scape favoring active transportation, sports facilities, pub-
lic spaces and ultimately the social determinants.41 This 
situation dictates health promotion empowering 
communities.42 Therefore, the future study may aim to 
identify social determinants causing inequality of PA in 
Myanmar.

Patients with chronic diseases who received sufficient 
information and education are known to have a better 
quality of life and PA physical activity level.43 Lack of 
professional guidance, lack of accessibility to exercise 
facilities, and lack of awareness of where or how to 
exercise were major barriers to be physically active.44 

Newly diagnosed T2DM may not experience physical 
constraints; however, changing well-established habits, 
negative perceptions of the “new” or recommended dia-
betes regimen, together with a lack of knowledge and 
understanding of how to live with T2DM may act as 
barriers to being physically active.43

The total METsmin.wk−1 analysis showed the higher level 
of vigorous activity in the control group as the case group did 

not meet the criterion of the frequency of vigorous- and 
moderate-intensity PA. The physical activity of such fre-
quency is regarded nowadays as benefits for health45,46 

a previous study, Booth et al; found that T2DM patients 
with low activity level had shorter life expectancy by about 
0.1–0.5 years compared to patients with moderate-to-high 
activity levels.43 Therefore, our finding also recommended 
that it is urgent and important to increase the PA level of 
diabetes patients in Myanmar, to secure their healthy life.

The study has several strengths; this is the first case-control 
study to examine the associated risk factors as PA with T2DM 
in the suburb of Yangon, Myanmar. Thus, the findings of this 
study may provide valuable hints to strategize health promo-
tion targeting physical education and PA promotion among 
diabetes and the general public. We included all laboratory- 
confirmed cases and a random sample of laboratory-confirmed 
controls. We refrained from including clinically diagnosed 
study participants with chronic diseases to reduce the risk of 
misclassification errors. It will have limitations although those 
have been minimized. There is a possibility of recall bias in the 
nature of the case-control study. It might be reduced by apply-
ing IPAQ-S which detects the physical activity level in the 
previous seven days. Although diabetes patients are new 
according to the definition, they might have received lifestyle 
modification message from diabetes clinics that might influ-
ence the PA level. Unmatched case-control study design can be 
considered as a limitation. However, it allowed us to have 
community controls which better served to be more realistic 
control groups. Moreover, we adjusted possible confounders 
with strict criteria of eligibility to ensure the study domain and 
multivariable analysis to control possible confounders. 
Therefore, the findings are expected to be replicable in other 
settings.

Conclusion
Our study found that physically inactive persons are at risk of 
T2DM especially those over age 40 years. Therefore, adequate 
PA is mandatory to reduce the prevalence of developing 
T2DM among urban residents in Yangon and similar cities. 
These findings are expected to have significant implications 
for the prevention of diabetes in Myanmar. Promoting PA, 
particularly among older adults aged 40 years and above, 
should constitute a major task for public health to prevent 
T2DM in Myanmar and countries with similar context. 
Further research using a prospective cohort study design and 
a larger sample from multiple centres is needed to consolidate 
these findings.
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on request. Myanmar version IPAQ-S will be shared upon 
request.
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