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Background and Objectives: This study was aimed to investigate the association between obesity and chronic
low grade inflammation (CLGI) measured by Dietary Inflammatory Index (DII) as a proxy indicator of CLGI
among obese and non-obese teachers. Methods and Study Design: We conducted a cross sectional study among
128 non-obese (BMI <25) and 116 obese (BMI 25) female teachers aged 25-60 years from six urban schools in
Yangon, Myanmar between January and March 2015. Usual dietary intake was collected by 3-day nonconsecutive estimated 24 hour’s dietary records and semi-quantitative Food Frequency Questionnaires. Adapted
DII was calculated by standardized methods using literature-derived population-based dietary inflammatory
weights of 31 food parameters. C-reactive protein (CRP) was analysed by a sandwich Enzyme-Linked Immunosorbent Assay (ELISA) technique. Mean DII between obese and non-obese was compared by independent t test.
The association between obesity indices and high DII (DII 1.1) and high CRP (>3 mg/L) were investigated by
logistic regression. Results: Obese teachers had lower intakes of anti-inflammatory nutrients (vitamin B-6, vitamin A and zinc)/food (onion) compared with non-obese teachers (p<0.05) and obesity was significantly associated with CRP (Odd ratio (OR)=5.5, 95% Confidence interval (CI) 1.2-24.1, p=0.02). However, there was no significant association between obesity and DII (OR=1.4, 95% CI -0.8-2.3, p=0.23). Conclusions: Role of antiinflammatory foods should be promoted for prevention of obesity and related diseases. Further use of DII among
Myanmar general population for prevention of obesity and its related diseases should be explored with longitudinal studies.
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INTRODUCTION
Nowadays, one third of world’s population from both
developed and developing countries are facing problems
of overweight and obesity.1 According to WHO 2009
MYANMAR STEP survey, one fourth of Myanmar population were overweight and obesity and it has become a
public health concern.2 Obesity is one of the major metabolic risk factors of non-communicable diseases (NCD)
which accounts for 63% of the mortality globally, 55% of
the mortality in South East Asia Region and 40% in Myanmar.3
The association between obesity and chronic low grade
inflammation accompanied by elevated circulating proinflammatory biomarkers has been reported earlier. Findings from those studies suggest that chronic low grade
inflammation plays a fundamental role in the process of
metabolic syndrome and NCD.4,5 In recent years, the relationship between chronic low grade inflammation and

specific nutrient components6,7 as well as dietary pattern
have been investigated;8-11 the findings showed a positive
correlation between pro-inflammatory diets and chronic
low grade inflammation and obesity.12
Beyond specific nutrients, the overall inflammatory potential of diet has become a special interest for dietary
recommendation in prevention and control of chronic low
grade inflammation and its complications.13,14 Recently, a
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dietary inflammatory index (DII) was developed as a new
tool to categorize the individual 'diets on a continuum
from maximally anti-inflammatory to maximally proinflammatory.15,16 This DII was applicable as a predictor
of C-reactive protein (CRP) and a proxy-indicator of
chronic low grade inflammation.17 DII was associated
with other risk factors such as higher concentration of
glucose metabolism markers, shift working status, anthropometric measures of obesity and inflammatory biomarkers18-20 and survival rate, hospital stay and inflammatory gene interaction of colorectal cancer.21,22
In Myanmar, thirty three per cents of women aged between 25-64 years have been reported to be overweight
(BMI >25), which was two-times higher than men
(17.7%); the highest prevalence was among women aged
between 35-54 years according to WHO 2009 MYANMAR STEP.2 Obese mothers have a greater chance to
have a big baby and this is positively correlated with risk
of childhood obesity that can lead to intergenerational
transfer of obesity and non-communicable diseases.23,24
Among urban working women, school teachers are most
vulnerable for non-communicable disease because of
their life styles and the nature of their jobs.25,26 In the present study we investigated the association between obesity and chronic low grade inflammation (CLGI), measured
by dietary inflammatory index (DII) or CRP, among female school teachers in Yangon, Myanmar.
MATERIALS AND METHODS
Study design, subjects and ethics approval
This study was conducted as a comparative cross sectional study in Dagon Myothit township of Yangon Division
in Myanmar during January-March 2015. At a screening
phase, brief medical history and anthropometry assessment were taken to a total of 336 school teachers from six
schools. Obese (143) and non-obese (143) female school
teachers aged between 25-60 years were recruited. Those
who had been diagnosed and taking regular treatment for
chronic diseases such as diabetes, hypertension, heart
disease and hyper-lipidemia and cancer, and had severe
infection, major trauma and being pregnant were excluded from the study.
Ethical approval was obtained from the Human Ethics
Committee of Faculty of Medicine, University of Indonesia (220/UN2.F1/ETIK/2015) as well as from the Ethical
Committee on Medical Research involving Human subjects, Department of Medical Research, Lower Myanmar,
Ministry of Health and Sports, and Myanmar (6/Ethics
2015).
Methods
Data on demographic characteristics were obtained using
a self-administered structured questionnaire. Trained
enumerators performed anthropometric measurements
including weight, height and waist circumference by using standard procedure and SECA machines. Body fat
mass was measured by a portable standard body composition monitor BC 541 TANITA machine using Bioelectrical Impedance Analysis (BIA).27 Complete dietary
data was obtained from 116 obese and 128 non-obese
subjects. Serum C-reactive protein was measured by a
sandwich ELISA technique.28
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Dietary assessment
The respondents who agreed to participate in the study
were trained how to record self-reported 24 hour dietary
recall and they were requested to complete 3-day nonconsecutive estimated 24 hour dietary records. Validated
food photographs, household measures (the bowls and
plates) and calibrated household utensils were provided
for portion size estimation together with guidelines for 24
hours estimated dietary records and an example of completed form. They were also interviewed in order to complete semi-quantitative food frequency questionnaires.
Among food parameters of the dietary inflammatory index, spices such as onion, garlic, ginger, tea, turmeric and
pepper are commonly used as basic ingredients in preparation of Myanmar traditional food and they have a high
inflammatory score; these foods were included. According to Myanmar unique culture, prickle tea was also included as a tea food item. Both raw and cooked foods
were also weighed by a KD-160 TANITA food weighing
machine to get an estimated standard portion.
The nutrient intake was estimated from nonconsecutive 3-day estimated 24 hours’ dietary records and
SQFFQ. As Myanmar food composition database was not
complete for all nutrients to be analyzed in this study, we
mainly used Indonesian food composition database and
some nutrient values were borrowed from Thailand, Malaysia, Singapore and USDA food composition databases.29 A few cereal based foods and unique Myanmar
traditional foods were directly used from the Myanmar
food composition tables. Local recipes were calculated by
weighing the raw materials and adjusted for cooking
method. Food contents for beta-carotene, omega 3 and
omega 6 were borrowed from Singaporean and USDA
food composition databases, and adjusted for the water
content.
Dietary inflammatory index
Adapted dietary inflammatory index was calculated from
31 food parameters that were available in our food composition database by using the standardized method as
mentioned in Shivappa’ study.15 In that study; the Standard Global mean and standard deviation were developed
from world composition database that was derived from
11 countries including 4 Asian countries. DII development was explained by calculation of adapted DII flow
chart (Figure 1). In brief, z-score of usual intake from
each food parameter was calculated by subtracting Standard Global mean from individual dietary data and divided
by the standard deviation. Percentile value was converted
to percentile rank in SPSS (0-100) and these values were
divided by 100 to calculate the scoring of 0-1. After converting the centred percentile score which ranged from -1
to +1 for each food parameter, it was multiplied by respective overall food parameter-specific inflammatory
effect score. Overall dietary inflammatory index (DII)
was obtained from the sum of all of food parameterspecific Dietary inflammatory index (DII) scores. We had
categorized high and low DII score by using the median
value in our study that was consistent with the Bellvitge
study.21 A higher DII means high chronic low grade inflammation and a lower DII means low chronic low grade
inflammation.
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Figure1. Calculation of adapted DII flow chart

Statistical analysis
The data was processed and analyzed by using SPSS 16.0
version. The Kolmogorov-Smirnov goodness-of-fit test
was used to check the normality of each variable. Descriptive characteristics were expressed as mean±SD for
normally distributed data and median (IQR) for nonnormal data. Comparisons of baseline characteristics by
obesity status were made by independent sample t tests
for continuous variables and association was assessed by
using Chi-square tests for categorical variables. p value
less than 0.05 was considered as statistically significant.
Body mass index, BMI (in Kg/m2) was calculated as
weight divided by height squared. Women were categorized into non-obese (BMI <25.0 kg/m2) and obese (BMI
≥25.0 kg/m2), abdominal obesity (WC ≥80 cm)30 and high
body fat mass (body fat mass >30%).31 Physical activity
(MET, Metabolic Equivalents: minutes/ week, continuous)
was calculated according to WHO GPAQ guidelines.32
The association between anthropometric indices of obesity (BMI, WC, body fat mass, obesity and abdominal obesity) and chronic low grade inflammation (Dietary Inflammatory Index as well as CRP) was assessed by chisquare test and logistic regression for categorical data.
RESULTS
In this study, 143 obese and 143 non-obese school teachers out of total 336 were recruited. Because of incomplete
data of dietary records, 42 subjects were excluded.
Among them, only 27.2% of school teachers were within
normal BMI (18.5-22.9). Table 1 shows the baseline
characteristics of obese and non-obese school teachers.
Mean age, household number and physical activity be-

tween obese and non-obese school teachers were not significantly different. Half (53%) of school teachers were
single; among the married women, multiparous women
had high risk of obesity (OR-2.3, CI-1.0-5.2, p value0.04). Family histories of non-communicable diseases,
like hypertension and heart diseases, were positively associated with obesity risk (OR-1.0, CI-1.1-3.2, p value0.02) and (OR-1.9, CI-1.1-3.2, p value- 0.02), respectively.
Table 2 describes the comparisons of food parameters
including DII between two groups. The mean DII score in
the present study was 0.9±1.9, which was higher in obese
group although this was not statistically significant
(1.1±1.9 in obese and 0.8±1.9 in non-obese (p value0.29)). Obese teachers consumed significantly less specific anti-inflammatory food components or foods such as
vitamin B6, vitamin A, zinc and onion compared with
non-obese teachers. They also tended to consume less
dietary fiber and turmeric (p<0.1) than non-obese subjects.
Table 3 describes the association between obesity status and DII status. There was a tendency of higher DII in
obesity but this was not statistically significant. Table 4
shows that there was a significantly greater risk of higher
CRP among obese school teachers, after adjusting for
other confounders (OR=5.5 times, 95% confidence interval (CI) 1.2-24.1, p=0.02). There was similar trend for
both high abdominal obesity and body fat mass, but these
were not statistically significant.
DISCUSSION
The prevalence of obesity, abdominal obesity and high
body fat among the teachers in the study area were high.
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Table 1. Baseline characteristics of obese and non-obese school teachers
Non-obese
(n=128)
47 (36-54)†
4 (3-5)
4740 (2400-7380)

Respondent age
Household number
MET total (mins/week)
Age (yr)
25-44
45-60
Marital status (married) (%)
Contraception (Yes) (%)
Multi-parity (>/=3 parity)
Family history of hypertension (Yes) (%)
Family history of diabetes mellitus (Yes) (%)
Family history of heart diseases (Yes) (%)
Family history of stroke (Yes) (%)

44.5%
55.5%
38.3%
3.1%
7.8%
53.1%
22.8%
29.1%
28.3%

Obese
(n=116)
50 (42-54)
4 (3-5)
5040 (2628-6960)
36.2%
63.8%
56.0%
9.5%
16.4%
68.1%
31.3%
43.5%
21.7%

p value*
0.25
0.84
0.91
0.19
0.01
0.06
0.04
0.02
0.14
0.02
0.24

OR (95%CI)
1.4 (0.9-2.4)
2.1 (1.2-3.4)
3.3 (1.0-10.5)
2.3 (1.0-5.2)
1.9 (1.1-3.2)
1.5 (0.9-2.7)
1.9 (1.1-3.2)
0.7 (0.4-1.3)

MET: metabolic equivalents.
†
Median, IQR.
*
p value <0.05 is regarded as statistically significant.

Table 2. Comparison of nutrients and food intake of DII between obese and non-obese and global mean±SD and
inflammatory effect score of DII

Energy intake (kcal)
Vitamin B12 (µg)
Carbohydrate (g)
Cholesterol (mg)
Iron (mg)
Fat (g)
Protein (g)
Saturated fat (g)
Vitamin B6 (mg)
Dietary fiber (g)
Folic acid (µg)
Magnesium (mg)
Niacin (mg)
PUFA (g)
Vitamin B-1 (mg)
Vitamin B-2 (mg)
Vitamin A (RE)
Vitamin C (mg)
Vitamin D (µg)
Vitamin E (mg)
MUFA (g)
Zinc (mg)
Beta carotene (µg)
Omega 3 (g)
Omega 6 (g)
Onion (g)
Garlic (g)
Ginger (g)
Turmeric (mg)
Pepper (g)
Tea (g)

Inflammatory
effect score†
0.180
0.106
0.097
0.110
0.032
0.298
0.021
0.373
-0.365
-0.663
-0.190
-0.484
-0.246
-0.337
-0.098
-0.068
-0.401
-0.424
-0.446
-0.419
-0.009
-0.313
-0.584
-0.436
-0.159
-0.301
-0.412
-0.453
-0.785
-0.131
-0.536

Global mean±SD‡
2056±338
5.15±2.7
272±40.0
279±51.2
13.4±3.7
71.4±19.4
79.4±13.9
28.6±8.0
1.47±0.7
18.8±4.9
273±70.7
310±139.4
25.9±11.8
13.88±3.8
1.7±0.7
1.7±0.8
984±519
118±43.5
6.26±2.2
8.73±1.5
27.0±6.1
9.84±2.2
3718±1720
1.06±1.1
10.8±7.5
35.9±18.4
4.35±2.9
59.0±63.2
534±754.3
10.0±7.1
1.7±1.5

Non-obese (128)
1903 (1701-2177)§
0.8 (0.5-1.2)
269 (244-302)
82.9 (44.9-137)
9.7 (6.5-12.7)
60.5±17.3¶
54.3±13.5
9.3±3.6
0.7 (0.6-0.9)
6.2 (5.1-7.9)
68.4 (51.7-95.9)
159 (128-200)
9.8 (7.8-12.8)
12.1 (8.3-16.3)
0.6 (0.4-0.7)
0.6 (0.5-0.7)
490 (291-779)
35.5 (24.7-56.0)
3.32 (0.8-5.6)
4.06 (2.8-5.4)
16.6±6.65
4.2±0.94
592 (260-1280)
0.2 (0.2-0.4)
8.2 (6.3-10.7)
28 (14-28)
2.5 (1.2-2.5)
3.5 (0.0-5.0)
250 (120-250)
0 (0.0-0.0)
1.0 (0.0-3.8)

Obese (116)
1855 (1690-2061)
0.8 (0.5-1.1)
260 (235-293)
80.4 (53.8-143)
9.3 (6.3-13.3)
59.9±18.1
51.7±12.9
8.8±3.5
0.7 (0.5-0.8)
5.8 (4.7-7)
65.1 (46.8-87.3)
155 (120-199)
9.9 (7.6-13.3)
12 (8.8-15.3)
0.5 (0.4-0.7)
0.5 (0.5-0.7)
361 (260-604)
36.4 (24.5-50.8)
2.73 (1.3-5.4)
4.04 (3.105.42
16.44± 6.7
4.0±1.0
610 (201-1259)
0.22 (0.2-0.4)
7.9 (5.9-11.8)
14 (14-28)
2.5 (1.2-2.5)
3.5 (0.0-5.0)
250 (120-250)
0.0 (0.0-0.0)
1.0 (0.0-3.5)

p
value¶
0.21
0.36
0.14
0.78
0.96
0.82
0.13
0.32
0.02
0.08
0.13
0.37
0.70
0.90
0.82
0.34
0.01
0.98
0.84
0.60
0.90
0.02
0.97
0.36
0.83
0.03
0.15
0.84
0.07
0.83
0.82

†

Food–parameter-specific overall inflammatory effect score; Shivappa et al, 2013, Dietary Inflammatory Index Development Study.
Global mean ± SD was from the world composite database; Shivappa et al, 2013, Dietary Inflammatory Index Development Study.
§
Median (IQR) in such values.
¶
Mean±SD in such values.
*
p value <0.05 is regarded as statistically significant difference between obese and non-obese using Independent T test and MannWhitney test.
‡

Intake of some anti-inflammatory nutrients and food parameters was significantly lower in obese subjects. BMI
was positively associated with CRP and obese women
had higher risks for chronic low grade inflammation.

In this study, the energy intake of obese teachers was
not higher than the non-obese teachers which might be
due to their awareness or due to under-reporting as social
desirability is likely amongst obese subjects.33 As school
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Table 3. Association between chronic low grade inflammation measured by DII and obesity

Obesity indices
BMI <25 kg/m2
BMI ≥25 kg/m2
Waistcircumference
WC <80 cm
WC ≥80 cm
Body fat mas
≤30%
>30%

95% CI

p
value*

1
1.4

0.8-2.2

0.25

71 (47.7)
50 (54.9)

1
1.3

0.8-2.3

21 (50)
101 (51.5)

1
1.1

0.6-2.1

LowerDII
n (%)

HigherDII
n (%)

Crude
OR

68 (53.1)
53 (45.7)

60 (46.9)
63 (54.3)

78 (52.3)
41 (45.1)
21 (50)
95 (48.5)

Adjusted
OR†

95% CI

p value*

1
1.4

0.8-2.3

0.23

0.27

1
1.4

0.8-2.4

0.25

0.86

1
1.1

0.5-2.1

0.85

WC: Waist circumference; CI: confidence interval; OR: odd ratio; MET: metabolic equivalents.
Logistic regression, *p value <0.05 is regarded as statistically significant.
Lower DII (<1.07) based on median & ROC sensitivity curve as reference.
4 Missing values in abdominal obesity; 6 Missing values in body fat mass.
†
Adjusted by age, MET total, contraception, marital status, parity.

Table 4. Association between chronic low grade inflammation measured by CRP and Obesity

Obesity indices
BMI <25 kg/m2
BMI ≥25 kg/m2
Waistcircumference
WC <80 cm
WC ≥80 cm
Body fat mas
≤ 30%
>30%

95% CI

p
value*

1
4.8

1.2-18.8

0.03

8 (25.8)
6 (42.9)

1
2.2

0.6-8.2

1 (11.1)
12 (33.3)

1
4.0

0.5-35.8

Lower CRP
n (%)

Higher CRP
n (%)

Crude
OR

21 (84)
11 (52.4)

4 (16)
10 (47.6)

23 (74.2)
8 (57.1)
8 (88.9)
24 (66.7)

Adjusted
OR†

95% CI

p value*

1
5.47

1.2-24.1

0.02

0.25

1
3.59

0.8-16.9

0.10

0.25

1
4.34

0.5-11.2

0.21

WC: Waist circumference;CI: confidence interval; OR: odd ratio; MET: Metabolic equivalents.
Logistic regression, *p value <0.05 is regarded as statistically significant.
4 Missing values in abdominal obesity; 6 Missing values in body fat mass.
Lower CRP (≤3 mg/L) and higher CRP (>3 mg/L,)
†
Adjusted by age, MET total, contraception, marital status, parity.

teachers in our study were higher educated persons, they
have relatively better awareness than the community in
general. This health consciousness may have influenced
the obese participants in this study to manage their food
intake. Moreover, we checked energy under-reporters
using 99.7% CI Goldberg cut-off points, but there was no
participants who under-reported their energy intake.34
The median DII score of original DII from all 45 food
parameters was 0.2 and the range was between -8.9 (antiinflammatory) to 8.0 (pro-inflammatory).15 Yet, DII value
was not consistent in different studies, depending on lists
of food parameters and dietary assessment methods. We
used 31 food parameters (25 nutrients and 6 specific
foods) to calculate DII score and found the median (minmax) of our DII score was 1.1 (-3.9 to 5.9) and IQR (-0.5
to 2.3). In the Bellvitge study, Raul Zamora-Ros and researchers adapted DII from 36 food parameters and their
median (IQR) of DII was 1.1 (-0.7 to 3.1) in the normal
group.22 Therefore, our median DII values were relatively
consistent with the findings from Bellvitge study. In another study of DII and anthropometric measures of obesity PREDIMED trial in Spain, DII was developed from 34
food parameters and the median (min-max) DII was -0.8
(-4.9 to 3.7), lower than our findings.19
In the Asklepios study, developed DII from 17 food parameters by using FFQ, it was found that the mean DII

score was -1.0±0.8,35 in comparison with the mean DII
value of 0.9±1.9 from the present study. In NHANES
2005-2010 study, Writh and coauthors assessed the difference of DII scores by shiftwork status among police
workers.20 Their DII was developed from 27 nutrients by
using single 24 hours recall; they found a higher proinflammatory diet in shift-workers and an association
between
pro-inflammatory
diet
and
glucose
metabolism.18,20 In the SEASON study, Shivappa validated the DII from two different dietary assessments and hsCRP as a construct validator.17 The mean values from
both NHANES 2005-2010 study [0.9±1.1] and SEASON
study [0.8±2.0] were comparable with our mean DII.
In our study, the overall consumption of proinflammatory food parameters including energy intake,
carbohydrate, fat and PUFA were relatively comparable
with both ASEAN Recommended Nutrients Intakes (RNI)
and global mean intakes from world composition database.15,36 Even though protein, vitamin A and zinc intake
were far from global mean intakes, they still met ASEAN
RNI.15,36 Yet, intake of iron, folic acid, niacin, vitamin
B-1, vitamin B-2, vitamin C and vitamin D were lower
than ASEAN RNI.36 However due to the short duration of
dietary data captured in this study (last one week), the
usual intakes of some of these nutrients may not be adequately represented. Despite these limitations, our data
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suggests that obese subjects had lower intakes of antiinflammatory nutrients and foods including vitamin A, B6, zinc and onion (p<0.05) and trend (p<0.1) for lower
intakes of dietary fiber and turmeric.
This present study was the first study to investigate
chronic low grade inflammation measured by DII with
obesity status in a developing country. The previous studies on obesity and non-communicable disease in Myanmar mostly focused on the prevalence and risk factors
assessment.2,26,37 Our findings showed that consumption
of anti-inflammatory food parameters was lower in obese
school teachers and this was associated with a higher dietary inflammatory index among obese school teachers.
These findings will be very useful for both individual
nutrition counselling in prevention and treatment of obesity as well as dietary recommendation and nutrition education programs for prevention and control of noncommunicable disease in Myanmar.
Our study also has some limitations to address. Crosssectional study designs are limited to give strong association and cause and effect relationships. In terms of food
parameters, we calculated 22 nutrients from 3 nonconsecutive days and 6 foods from SQFFQ for the DII
score, which was less comprehensive compared with previous studies. DII score was calculated from multiple (up
to 15 days/person) and 7 days dietary recalls like SQ-FFQ
in a previous validation study.15 However, their findings
suggested that ability to predict CRP was not attenuated
when using more limited lists of DII food parameters and
therefore we think the number of food items used for DII
calculation in our study was acceptable.35Finally, the
exclusion criteria of obese subjects having noncommunicable diseases may have reduced the difference
between healthy obese and non-obese subjects in our
study.
For further studies, prospective cohort or intervention
related with non-communicable diseases are needed to
explore more effects of this dietary inflammatory index
score. Since some micronutrient intakes may not be well
represented, additional number of days for usual intake of
micronutrients or validated SQ-FFQ should be applied to
capture the intake of anti and pro-inflammatory nutrients
and foods. Efforts to improve food composition tables, by
upgrading more nutrients and food components, are also
needed.
Conclusion
As our study included healthy obese subjects and nonobese subjects, comparison between them could be less
significant. Although the overall mean DII score was not
significantly different between obese and non-obese
subjects, we found suggestive evidence for a role of antiinflammatory food parameters like onion and nutrients
(vitamin B-6, vitamin A and zinc) to improve the dietary
recommendation for prevention and control of obesity
and non-communicable diseases in Myanmar population.
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