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Abstract. Anemia is a common nutritional problem, and it has a remarkably high prevalence rate in Southeast Asia. In
this study, children from 6 to 36 months were investigated to determine (1) the prevalence of anemia and (2) risk factors
associated with anemia. Convenience sampling was used to select three villages in three different regions in Burma.
Hemoglobin and anthropometric indicators were measured for 872 children. Logistic regression analyses were used to
determine factors associated with anemia. The overall prevalence of anemia was 72.6%, with 40.0% having severe anemia.
Predictors of anemia are a young age (P < 0.001), mother with anemia (P < 0.001), height-for-age Z score < −2 (P = 0.017),
low family income (P < 0.001), mothers without primary education (P = 0.007), drinking unboiled water (P = 0.029), and
fever in the last 3 months (P = 0.001). There is a high prevalence of anemia in children, and their nutritional status is quite
poor. To control anemia, humanitarians and governments should launch comprehensive interventions.

INTRODUCTION

Anemia is one of the most common nutritional problems in
many parts of the world, especially in developing countries.1 In
Southeast Asia, the overall prevalence of anemia is one of the
highest in theworld,with 616million people at risk.2 In children,
major health consequences include impaired cognitive and
physical development and increasedmortality andmorbidity.1,3

Low intake of iron-rich food is themain cause of anemia.4Other
causes include infectious diseases, deficiencies ofmicronutrients
such as folate and vitamin B12,

3 inherited conditions such as
thalassaemia,5 and environmental pollutants such as lead.6

From the impact of civil war for over 40 years, 1 million
children in Burma are reported malnourished; 9–12% have
severe malnutrition.7 The national under 5 years mortality
(104/1,000) is among the highest in Southeast Asia.7 Mean-
while, infectious diseases such as tuberculosis and malaria are
widely spread in Burma.7 These findings indicate that children
in this country may suffer from serious anemia. However, data
on prevalence of anemia are very limited. Only one study from
8 years ago reported that, with a food supply but inadequate
intake of micronutrients, the anemia prevalence of children in
refugees of the Burma/Thailand border was 72.0%.8 There was
little study of children from villages in rural areas, where chil-
dren may suffer from not only micronutrient deficiencies but
also a shortage of food.
In this study, three regions located at Kachin Special

Region 1 (KSR1), Kachin Special Region 2 (KSR2; both
located in the northeast part of Burma), and Shan State Special
Region 4 (SSR4; located in the east part of Burma) were
investigated. According to the report from the Burma govern-
ment, the nutritional status of children under 3 years old (using
underweight rate as the health indicator) is below the union
level in these areas, and the Shan region has the lowest level.9

In the early 1990s, these regions received humanitarian assis-
tance for children’s immunization and malaria control, and to a
certain extent, it greatly improved the health of local children.
Nevertheless, children in these areas are still facing the prob-
lem of food shortage, especially lack of micronutrient supply.

Humanitarian organizations intend to launch a nutritional sup-
plement program to improve the children’s health in these
areas. Evaluation before the implementation is necessary for
humanitarian relief planners to select appropriate interventions
and budget wisely for an overall relief effort.10

The purpose of this study was to assess the nutritional status
and determine the prevalence of anemia among children (aged

6–36 months) in rural areas of Burma. Interviews and field-
friendly measurements were used to obtain information on

anemia and anthropometry. The second objective was to

examine nutritional, health-related, socioeconomic, and demo-
graphic factors and identify the factors that might be associated

with anemia.

METHODS

Participants. This cross-sectional survey was conducted in
Burma from January to May of 2011. Three villages were

selected from rural areas using convenient sampling. Cluster

sampling was used for household selection, and a total of
859 households having at least one child aged 6–36 months was

screened. Malaria has been largely eliminated from these vil-
lages; only one surveyed child was reported to have hadmalaria

in the last 3 months and was excluded from this study. Finally,
857 households with 872 children eventually participated in the

study (KRS1 [N = 360], KRS2 [N = 311], and SSR4 [N = 201]).

A total of 13 sibling pairs were included in the study.
Data collection. The fieldwork was carried out by the staff

from Health Unlimited (HU) with provincial health officers
coordinating the work. Blood testing and physical examinations

were all performed by local health professionals. Training of

examiners and interviewers was conducted at HU, Kachin,

Burma, beforedata collection.Working arrangement, initial site
survey, and preliminary questionnaire testing were completed

during the initial site visit to Burma.
Questionnaires were used to collect the children’s socio-

economic and demographic information; self-reported health-

related status (diseases or disease-related symptoms occurring in

the last 3 months) and food frequency information were also

collected by interviewing the children’s primary caregivers (typi-
callymothers).According to thedata fromextensive consultation

of local health staff, a pilot study, and previous investigation,11

frequencies in the recent month of four kinds of food typically

*Address correspondence to Yumei Zhang or Peiyu Wang, School of
Public Health, Peking University Health Science Center, Beijing, 100191
China. E-mails: zhangyumei111@gmail.com or wpeiyupku@gmail.com

306



consumed in the local area (grains, vegetables, meat, and eggs)
were ranked as (1) never or less than one timeperweek, (2) one

to six times per week, and (3) daily.
Blood samples were obtained from finger pricks of children

and mothers. Hemoglobin (Hb) levels were measured during
the fieldwork using Hemoscan Blood Hemoglobin Photometer
(Hemoscan POCT, Chengdu BSD instrument Co LTD,
Chengdu, China). The presence and severity of anemia were
diagnosed using age-based Hb criteria designated by the World
Health Organization (WHO),12 which defines moderate anemia
as Hb < 110 g/L and severe anemia as Hb < 80 g/L for both
children aged 6–36 months and female adults.
The Infant/Child Shorrboard (Infant/Child Shorrboard

YSZ-1, Keda Medical Instruments Co. Ltd., Shanghai, China)
was used to measure both child stature and recumbent infant
length (if the child was < 85 cm). Weight was measured using
a portable scale (Portable scale, Xinman Medical Instruments
Co. Ltd., Shanghai, China) with infants’/children’s clothing,
shoes, and diapers removed (measured to the nearest 0.1 kg).
Mid-upper arm circumference (MUAC) was measured at the
left arm using single-slotted insertion tapes. Head circumfer-
ence (HC) was also measured by a tape. The growth and devel-
opment statuses of children were evaluated by weight-for-age
ratio Z score (WAZ), height-for-age ratio Z score (HAZ),
weight-for-height ratioZ score (WHZ), and HC Z score accord-
ing to WHO’s Child Growth Standards 2006.13 WAZ < −2,
HAZ < −2, andWHZ < −2 are defined as underweight, stunting,
and wasting, respectively. HC Z score < −2 is defined as small
HC. Because of different standards of defining wasting, MUAC
lower than the cut-off value of 12.5 cm or MUAC for age under
the 15th percentile of the data from children in the United States
was also considered as wasting.14,15

Ethics. The study was conducted in compliance with the
Declaration of Helsinki and approved by Peking University.
Written consent was obtained from the primary caregivers of
all participants before data collection.
Statistical analyses. Statistical Product and Service Solutions

version 15.0 was used to carry out the analysis. Descriptive
statistics were completed for all the variables and presented as
median or frequencies. c2 or test for trend was completed at the
95% level to determine significance before analyzing the data
(only the factors with P or trend P < 0.05 were used to develop
the regression model). Logistic regression (with the method of
Backwards Wald) was used to obtain odds ratios (ORs) and
95% confidence intervals (95% CIs) to analyze the associations
between anemia and the potential risk factors. Non-significant
variables were removed from the final model. P value < 0.05
is considered as statistically significantly different.

RESULTS

Prevalence of anemia. A total of 872 children aged 6–
36 months participated in this study; 52.2% were male, and
41.8% were female. The mean age was 20.5 ± 9.8 months for
males and 20.2 ± 9.8 months for females. The overall preva-
lence of anemia was 72.6%, with 40.0% having severe anemia
(< 80 g/L). The prevalence of anemia by gender of three
regions is shown in Figure 1. Overall, there was no gender
difference for anemia. However, boys had a higher prevalence
rate in KRS2 (c2 = 6.03, P = 0.01). KSR1 had the highest
anemia rate for both boys and girls. Children under 24 months

were more at risk compared with older children in single-
factor analysis (c2 = 5.90, P = 0.015).
The overall anemia prevalence of children’s mothers was

62.2%. The prevalence in KSR1, KSR2, and SSR4 was 97.8%,
15.6%, and 74.4%, respectively. In addition, mothers’ Hb
levels were significantly correlated with their children’s Hb
levels (r2 = 0.511, P < 0.001) (Figure 2).
Growth and development indicators of participants. In this

study, 39.7% of children were considered as underweight
(WAZ < −2), 55.2%were stunted (HAZ < −2), and 13.2% were
wasted (WHZ < −2). When considering MUAC for age, 29.2%
of the children were under the 15th percentile level of US
children, and 6.6% were wasted from the standard of MUAC
< 12.5cm. The result of HCmeasurement showed that 13.5% of
the children had a small HC (HC Z scores < −2). There were no
gender differences for most health indicators, except for
MUAC for age, which showed that there were more boys under
the 15th percentile level (c2 = 6.98, P = 0.030).
Compared with non-anemic children, anemic children were

significantly more stunted, underweight, and wasted (defined by
MUAC < 12.5 cm)according to single-factor analyses (c2= 45.08,
P < 0.001; c2 = 8.88,P = 0.003; c2 = 6.83,P = 0.009, respectively).
Socioeconomic and demographic characteristics and self-

reportedhealth-related statusof childrenwithandwithout anemia.
Themedian family annual capita income from three regions was
120.0 (interquartile range [IQR] = 50.0–214.3) US dollars;

Figure 1. The prevalence of anemia in children (6–36 months) in
three regions of Burma (N = 872). *P < 0.05.

Figure 2. The correlation between children’s Hb level (6–
36 months) and their mothers’ Hb level (N = 872, r2 = 0.511, P < 0.001).

PREVALENCE AND RISK FACTORS OF ANEMIA IN BURMA 307



KSR1, KSR2, and SSR4 were 100.0 (IQR = 43.4–171.4), 207.3
(IQR = 100.0–300.0), and 60.0 (IQR = 30.0–100.0) US dollars,
respectively. Children from families with lower income were
more susceptive to anemia in single-factor analysis. Mothers’
education was inversely associated with the anemia prevalence
of their children. Children drinking spring and river water and
unboiled water were at risk for anemia. Complementary feed-
ing for children older than 8 months was also associated with
anemia (Table 1).
In this study, 4.0% of the children (N = 35) took dietary

supplements (multivitamins or vitamin A), and they were all
from KSR2. Taking dietary supplements was shown to have a
protective effect against anemia in the single-factor analysis
(P < 0.001) (Table 1).
The health status of the children was reported by the pri-

mary care providers. Approximately 65.5% of the children
had experienced an illness in the past 3 months. Reported
illnesses included diarrhea (31.7%) and fever (25.7%). Only
one child had been diagnosed with malaria. For diarrhea inci-
dence, there was no difference between children with and
without anemia, whereas fever cases were reported more
often in anemic children (Table 1).
Food intake frequency of children with and without anemia.

In the 6–12 months group, 63.7% of children never had meat,
and 64.9% of children never had eggs; only 4.1% of the chil-
dren were able to have meat every day, and 5.9% of children
had eggs every day. In the 13–36 months group, 30.7% and
28.8% of children never had meat and eggs, respectively,
whereas 5.6% and 6.1% of the children had meat and eggs
every day, respectively. However, none of the intake frequen-

cies of the four food groups (grains, vegetables, meat, and
eggs) were shown to be related to anemia.
Logistic regression analysis and anemia-related factors.

Only the data from 829 subjects (including 13 sibling pairs)
were eligible for logistic regression analysis, and 43 subjects
were not involved because of missing values. Factors found to
be associated with anemia in this population included a young
age (< 24 months), mother having anemia, stunting status,
family annual capita income < 100 US dollars, lower maternal
education level, drinking unboiled water, and fever in the last
3 months (Table 2). The same risk factors were found from
the analysis when the 13 sibling pairs were removed (results
not shown here).

DISCUSSION

Prevalence of Anemia. Anemia is a major public health
problem for children in Southeast Asia.16 WHO has reported
that anemia contributes to 324,000 deaths and 12,500,000 dis-
ability adjusted life-years (DALYs) in this area, and these num-
bers are the world’s highest.17 The current study has supported
and extended previous findings by showing that anemia is an
important public health issue in children fromBurma.
In this study, anemia was clearly prevalent among children of

rural areas.Theoverall prevalence in this populationwas 72.6%,
which is consistent with the reported rate (72%) of refugee
children 5–59months on theThailand/Burma border8; however,
this number is much higher than the mean prevalence (49%) in
children of Southeast Asia.16 It is worth noting that the anemia
prevalencewas unacceptably high (exceeded 90%) inKSR1and

Table 1

The association of sociodemographic characters and self-reported health status with anemia for children (6–36 months) in single-factor analysis

Variables
Children with anemia,

N (%)
Children without anemia,

N (%) P value

Family annual capita income (US dollar) 93.8 (IQR = 42.9–180.0)* 200.0 (IQR = 115.6–272.7)*
N 633 239 < 0.001†
> 150 336 (53.1) 55 (23.0)
100–150 112 (17.7) 32 (13.4)
< 100 185 (29.2) 152 (63.6)

Education of mothers, N 629 230 < 0.001†
No primary education 364 (57.9) 41 (17.8)
Primary school education 124 (19.7) 74 (32.2)
Secondary school education or above 141 (22.4) 115 (50.0)

Source of water, N 544 219 < 0.001
Tap water 187 (34.4) 87 (39.7)
Well water 69 (12.7) 86 (39.3)
Spring water 260 (47.8) 37 (16.9)
River water 28 (5.1) 9 (4.1)

Water was boiled, N 630 228 < 0.001
Yes 288 (45.7) 170 (74.6)
No 342 (54.3) 58 (25.4)

Intake dietary supplement, N 633 239 < 0.001
Yes 15 (2.4) 21 (8.8)
No 618 (97.6) 218 (91.2)

Age of complementary feeding (months) N 633 239 0.005†
0–5 219 (34.6) 99 (41.4)
6–8 323 (51.0) 123 (51.5)
> 8 91 (14.4) 17 (7.1)

Diarrhea in 3 months before, N 633 239 0.070
Yes 190 (30.0) 87 (36.4)
No 433 (70.0) 152 (63.6)

Fever in 3 months before, N 633 239 < 0.001
Yes 199 (31.4) 23 (9.6)
No 434 (68.6) 216 (90.4)

*Presented as median (interquartile range [IQR]).
†P values presented as P values for trend using the c2 test for trend; other P values were the P value for c2.
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SSR4; similar numbers were found in some parts of Asia in the
1980s.18 In terms of family incomeand standards of living,KSR1
and SSR4 were more disadvantaged compared with KRS2.
Moreover, 35 children from KRS2 accepted vitamin supple-
ments (multivitamins or vitamin A) provided by the United
Nations International Children’s Emergency Fund (UNICEF),
which might have resulted in the lower prevalence of anemia in
that region. The prevalence in non-refugee children without
humanitarian aidmay be expected to be higher.
Severe anemia is also a major concern in children. In the

study, we found that 40% of the children had severe anemia.
This rate is much higher than the rate of 10.4% in the study
with the refugee children.8

Growth and development indicators of children. To maxi-
mally include children who are at risk, three different standards
of defining wasting were used in this study; a child meeting any
one standard was considered as wasted.According to our result,
with the most conservative estimates, 6.6% of the children were
wasted when using MUAC < 12.5 cm. In this study, we also
found a high prevalence of stunting, low weight, and small head
circumference in the children. The results reflect an alarming
rate of malnutrition among Burma’s children. In addition,
stunting was shown to be associated with anemia. Previous stud-
ies reported that anemia could lead to cognitive impairment, lack
of physical capacity, and even life-threatening consequences 3

However, the causality between malnutrition and anemia in this
study could not be observed.
Risk factors associated with anemia. In the study, children

< 24months weremore likely to be anemic comparedwith older
children, which is consistent with the literature information that
anemia is common among children around the time of the
growth spurt, especially between the ages of 6 and 24months.8,19

During that period, children’s physical development is rapid,
and the blood volume is largely expanded, whereas the iron
storage from thematernal source has usually beendepleted; diet
becomes a vital source for iron as a result.3 If exogenous iron is
deficient, anemia occurs easily.
Additionally, maternal conditions can be a contributing fac-

tor. In this study, maternal Hb level was associated with anemia
in the children. One explanation is that all family members
shared the same socioeconomic environment (for example, a
low family income). Also, through breastfeeding, severe mater-
nal anemia (caused by iron deficiency) can greatly influence the
iron status of their children.3,20 Children at 6–36 months are
evenmore likely to have anemia when they are additionally in a
shortage of iron-rich food. Mothers with primary education or
higher were less likely to have anemic children. This finding is
consistentwith somebut not all of the previous studies.8,19 These
findings indicate that promoting maternal health and educating

mothers on anemia-related information may help with control-
ling anemia in children.
Interestingly, in this study, we found that drinking unboiled

water put children at risk for anemia. Although we did not
collect the data on parasite infection, based on the previous
study, we can infer that drinking unboiled water can easily cause
aparasite infection that couldbe the causeof intestinal bleeding-
induced anemia, especially when knowing that the main water
sourcewas springor riverwater in these areas.2,20 Fromprevious
studies, we know that infectious diseases were a common cause
of anemia, and anemic children were more susceptive to infec-
tious diseases.7 Consistent with these findings, having fever in
the past 3monthswas found tobe related toanemia in this study.
Although malaria, to some extent, was controlled in this area,
critical concerns and immediate treatment are needed, because
the incidence of infectious diseases, such as parasitic infection,
pneumonia, and tuberculosis, is still high.
Micronutrient deficiency is considered as the main cause of

anemia.3 In public health terms, iron deficiency is by far the first
cause of nutritional anemia worldwide.3 However, food intake
frequency is said to be associated with anemia, which seemed to
beunwarranted in this study.This findingwasmainlybecause all
the iron-rich foods were shown to have very low daily intakes in
both anemic and non-anemic children.A similar lack of associa-
tion was also found in other studies, especially in varying envi-
ronments where many other factors other than diet exposure
can increase the risk of getting anemia.11,21

Anemia, especially iron-deficiency anemia, usually can be
prevented at a low cost, and the benefit/cost ratio of imple-
menting preventive programs is recognized as one of the
highest in the realm of public health.3 Based on the results in
this study, multiple contributing factors can coexist in an indi-
vidual or population that affect the severity. Several primary
issues need to be addressed to help reduce the high prevalence
in this population: (1) strengthen infrastructures and health
institutions by, for example, drinking tap or well water; (2)
control infectious diseases; (3) provide anemia-related health
education and focus on local women; and (4) provide dietary
supplements rich in bioavailable iron, folic acid, and vitamin
B12. An appropriate combination of interventions may be the
ideal way to reach comprehensive anemia control in this region.
Limitations. This studywas a cross-sectional study conducted

in three different regions of Burma. Selection of the design is
inevitable. However, the sampling process may have several
limitations. On one side, because of the war, we could not use a
stratified random sampling for subjects; some villages in the
three regions were at war and were not accessible. The anemia
prevalence of children in those villages was expected to be
higher. On the other side, some recruited children were from

Table 2

Logistic regression for growth and development indicators and socioeconomic and demographic predictors of anemia in children aged 6–36 months
(N = 829)

Indicator variable B Wald OR 95% CI P value

< 24 months old 0.92 16.36 2.50 1.60–3.89 < 0.001
Mother has anemia 2.47 118.84 11.84 7.59–18.47 < 0.001
HAZ < −2 Z score 0.51 5.69 1.66 1.10–2.52 0.017
Family annual capita income < 100 US dollars 0.54 18.53 1.72 1.34–2.20 < 0.001
Mothers without primary education 0.60 7.15 1.82 1.17–2.82 0.007
Drinking unboiled water 0.50 4.74 1.64 1.05–2.57 0.029
Fever in 3 months before 1.00 11.59 2.72 1.53–4.83 0.001

Anemia is hemoglobin < 110 g/L. HAZ = height-for-age Z score.
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one family and shared the same socioeconomic environment;
therefore, the association between anemia and some risk factors
may have been overestimated. As a result, the anemia preva-
lence in this survey could not truly represent the level of all
Burma children. However, considering the sample size, the
small number of siblings (13 pairs) cannot greatly skew the
results, and the results are still able to reflect a general level of
anemia in the region and the poor nutritional status of the
children. Also, the risk factors for anemia were consistent from
the regression analyses with or without the 13 sibling pairs.
Being restricted by the cost and local working conditions, we

did not test indicators like serum ferritin, transferrin saturation,
and erythrocyte protoporphyrin. Consequently, we could not
identify the types of anemia as iron deficiency, thalassemia, or
sickle cell anemia. Thalassemia was also reported to have a
high prevalence in Burma.22 Different types of anemia are
not managed in the same manner; anemia caused by genetic
factors needs to be attended differently and intervened slowly
compared with iron-deficiency anemia.3 This study was focused
on exploring the controllable factors associated with anemia.
We hypothesize that, in these areas, the majority of anemia
is caused by micronutrient deficiency along with the other
risk factors.22

One issue that we studied in the investigation was the infor-
mation on recent illnesses. Diarrhea and fever occurrences in
the past 3 months were obtained by asking the primary care-
givers to recall such incidences. Therefore, the reliability might
be compromised; however, in this situation where there is a
lack of regular visits to a doctor and no medical records, this
method might be the only feasible method for obtaining sub-
jects’ medical history. In this study, we also did not collect the
stool samples, and therefore, we cannot identify the parasitic
infection. According to the recent report, the prevalence of
helminths infection was as high as 70% in Burmese pregnant
women on the Thailand/Burma border.23 Drinking unboiled
water is related to parasitic infection.20 In the investigation,
another limitation is that we used only a brief food frequency
to estimate the status of food intake; as a result, the status of
micronutrient intake or total caloric intake of the subjects was
not accessed. Brief food frequency is usually used for nutri-
tion surveys in children when weighed dietary records are
unavailable.11 This method reflected the meat and eggs short-
age in the children, which indicated a deficiency of iron.
Conclusion. The findings of this study pointed out a high

prevalence of anemia and poor nutritional status in children in
rural areas of Burma. The results showed that a young age,
stunting status, mother without primary education experience,
low family income, drinking unboiled water, and having had a
fever in the recent 3 months may be associated with anemia.
Additional studies are needed to identify causes of anemia to
plan proper interventions.
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