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Anemia is a severe global public health problem with serious consequences for both the human and socio-
economic health. This paper presents a situation analysis of the burden of anemia in Cambodia, including a dis-
cussion of the country-specific etiologies and future research needs. All available literature on the prevalence and
ctiology of anemia in Cambodia was collected using standard search protocols. Prevalence data was readily iden-
tified for pre-school aged children and women of reproductive age, but there is a dearth of information for school-
aged children, men and the elderly. Despite progress in nation-wide programming over the past decade, anemia
remains a significant public health problem in Cambodia, especially for women and children. Anemia is a multi-
faceted disease and both nutritional and non-nutritional etiologies were identified, with iron deficiency account-
ing for the majority of the burden of disease. The current study highlights the need for a national nutrition survey,
including collection of data on the iron status and prevalence of anemia in all population groups. It is impossible
to develop effective intervention programs without a clear picture of the burden and cause of disease in the coun-

try.
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INTRODUCTION

Anemia is a global public health problem, with major
consequences for human health and socio-economic de-
velopment. According to a review of nationally represen-
tative survey data from 1993-2005, the World Health Or-
ganization (WHO) estimates that more than 1.62 billion
people are affected by anemia.' The condition is inher-
ently associated with poverty and is therefore particularly
prevalent in the developing world where the problem is
often exacerbated by limited access to appropriate health-
care and treatment options.” Anemia occurs at all stages
of life, but is particularly prevalent in women of repro-
ductive age, pregnant women and children.

Anemia is characterized by a decrease in the normal
number of red blood cells or less than the normal quantity
of hemoglobin in the blood.* The condition is determined
by the expected normal range of hemoglobin in a popula-
tion, and is defined as existing in an individual whose
hemoglobin concentration (Hb) has fallen below a thresh-
old lying at two standard deviations below the median for
a healthy population with the same demographic charac-
teristics, including age, sex and pregnancy status.' Spe-
cific cut-off values of hemoglobin for various demo-
graphic groups for determining the presence of anemia
have been established by the WHO (Table 1).

The etiology of anemia is multifaceted and often sev-
eral factors are at play in an anemic individual. Nutri-
tional anemia as a result of iron deficiency is the most
common cause of anemia worldwide: approximately 50-
60% of all cases of anemia are attributed to a lack of iron
in the diet."* Additionally, other micronutrient deficien-

cies, some infectious diseases, genetically-determined
hemoglobin-opathies, and chronic or acute blood loss are
also known to cause anemia.*

The consequences of anemia can be quite severe and
are often irreversible, affecting both human and socio-
economic health of individuals and families. Mild to
moderate anemia leads to weakened immunity, reduced
work capacity, reduced cognitive ability and an overall
decreased quality of life.’ Severe anemia (Hb <70g/L)
reduces a woman’s ability to survive bleeding during and
after childbirth and is considered a major cause of mater-
nal morbidity and mortality, particularly in the non-
industrialized world.® Anemia during pregnancy is also
associated with increased risk of premature delivery and
low birth-weight, resulting in an increase in perinatal
mortality.® Delayed cognitive development and limitation
in intellectual development is also a major concern in
children and adolescents.*

The objective of this paper is to present a situation analy-
sis of the burden of anemia in Cambodia. Drawing upon
available information; prevalence estimates will be exam-
ined by demographic sub-populations and trends will be
briefly discussed. The data presented are not all
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Table 1. Hemoglobin levels (g/L), below which anemia
is present in a person by age, gender and pregnancy
status.”

Subgroup Hemoglobin
concentration (g/L)

Children 6-59 months 110

5-11 years 115

12-14 years 120
Women Non-pregnant >15 years 120

Pregnant 110
Men >15 years 130

based on representative national sampling; rather, the
paper utilizes data from reports, publications and reviews
that are readily available. The second section will discuss
both general and country-specific etiologies of anemia,
including nutritional and non-nutritional factors.

SITUATION ASSESSMENT AND ANALYSIS

In order to estimate the burden of anemia in Cambodia, a
literature search was performed to find all available re-
search which examined the condition in the general popu-
lation and/or specific sub-populations. The search was
performed digitally, using PubMed and Google Scholar,
with the various combinations of the key words “anemia”
or “anaemia”, “iron deficiency”, “nutrition” in addition to
“Cambodia” and/or “South East Asia”. In addition, a
search of the WHO Vitamin and Mineral Nutrition In-
formation System, Government of Cambodia online
databases and reports, and reports from non-governmental
organizations was performed by both manual search, and
keyword search as above. Finally, the Government of
Cambodia maintains a food security and nutrition website
that includes a document library which was also manually
searched. All available white and grey literature was first
screened for relevance, and included only if the method
of detection and a clear description of the study
population were provided.

To date, there has not been a comprehensive, nation-
ally-representative nutrition survey focusing on both
macro- and micronutrients across all demographic groups
and in both men and women conducted in Cambodia.
Data on the prevalence of anemia, however, can be drawn
from three internationally sponsored and facilitated Cam-
bodian Demographic and Health Surveys (CDHS) con-
ducted in 2000, 2005 and 2010. These surveys are con-
sidered to be nationally representative and involved more
than 15,300, 16,800, and 18,750 women aged 15 — 49 in
2000, 2005, and 2010 respectively.”” To add context to
these survey results, the prevalence of anemia by age
group is compared over time using chi-square tests.

Anemia prevalence data can also be taken from indi-
vidual studies that have been conducted in Cambodia to
investigate various treatments for anemia and/or to study
the prevalence of anemia in specific population groups.
These studies are not nationally representative and there
is a strong focus on the extent of the problem in rural ar-
eas of the country. Regardless, this information is valu-
able in indicating the magnitude of the problem. Where
possible, data has been presented according to urban/rural
status, the study setting, age, sample size of the specific

study, and method of diagnosis; sampling methodology
varied by study and is listed in Tables 2-4.

Infants and Pre-School Children

The largest body of data on the prevalence of anemia in
Cambodia has been collected on this high-risk demo-
graphic. The three Cambodian Demographic Health Sur-
veys (CDHS) and several additional intervention studies
provide prevalence data, with anemia present at hemo-
globin levels <110 g/L (Table 2). The CDHS conducted
in 2000 indicated a prevalence of 57.3% and 64.4% of
anemia in children aged 0.50—4.99 years in urban and
rural Cambodia, respectively.” Using Chi-square analysis,
these prevalence estimates were not found to differ sig-
nificantly in 2005: 59.7% of children from urban popula-
tions (p=0.54) and 62.2% of children from rural areas (p=
0.67) were found to be anemic.® In 2010, 44.7% of urban
and 56.9% of rural children were anemic, representing
significant prevalence reductions from both 2005 and
2000 (p<0.001).° In addition to these national surveys,
prevalence estimates from various studies suggest that
anemia affects between 54.0-82.0% of infants and pre-
school children in the country.*'%'®

School-aged children and Adolescents

Unfortunately, high quality data on the prevalence of
anemia in school-aged children in Cambodia is limited
(Table 3). Longfils and colleagues estimated that the
prevalence of anemia was 64.1% among grade-one stu-
dents at two primary schools in rural Kampot province,
using a sample size of 450."” The ages of these students
ranged from approximately 6 to 15 years, thus this study
provides important data on the prevalence of anemia
across a wide age-range.

McLean reported 21.2% prevalence of anemia in 231
girls enrolled in secondary school, ranging from 9-21
years of age.'® This estimate was lower than anticipated
by the authors, and these results must be interpreted cau-
tiously. In Cambodia, only about 25% of girls attend sec-
ondary school,® and those that do are typically of higher
socioeconomic status and are therefore more likely have a
diet that is higher in heme iron when compared to those
who are less affluent. Future surveying efforts should
focus on collection of data from both adolescents who are
and who are not attending secondary school, representing
the full range of socioeconomic statuses in a weighted
representative sample.

One final intervention study included baseline meas-
urement of anemia caused specifically by iron defi-
ciency." In Kampot Province, 805 students from a secon-
dary school, and 699 students from a primary school were
assessed for hemoglobin and iron status. Prevalence of
iron deficiency anemia was approximately 7% and 13%
in the secondary and primary schools, respectively. The
primary school selected for this study was, prior to the
trial, part of a school feeding program run by the World
Food Programme and this may partly account for the low
prevalence of iron deficiency anemia reported.

Adult Females
The reproductive status of women is an important factor
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Table 2. Summary of prevalence data on anemia among pre-school children in Cambodia

Reference Area Place Setting Stqdy Age Count Samphng Hb method Prevg lence of
period group design anemia (severe)
CDHS 2-stage cluster
2010° U National Com. 2010 0.50-4.99 548 sampling within ~HemoCue 44.7(0.5)
U/R strata
CDHS 2-stage cluster
2010° R National Com. 2010 0.50-4.99 3129 sampling within HemoCue 56.9 (0.9)
U/R strata
CZIODII?)E 3677 55.1(0.9)
CDHS 2-stage cluster
2005° U National Com. 2005 0.50-4.99 400 sampling within HemoCue 59.7 (0.6)
U/R strata
CDHS 2-stage cluster
2005° R National Com. 2005 0.50-4.99 2758 sampling within ~HemoCue 62.2 (0.7)
U/R strata
CDHS Total:
20058 3158 61.9 (0.7)
CDHS 2-stage cluster
2000 U National Com. 2000 0.50-4.99 196 sampling within HemoCue 57.30 (2.3)
U/R strata
CDHS 2-stage cluster
2000 R National Com. 2000 0.50-4.99 1265 sampling within ~HemoCue 64.4 (2.0)
U/R strata
20D£§ 1461 63.4 (2.0)
Kenfick gy 125villages  Com 1998 0.50-499 1348 Multistage e 82,0 (2.8)
1998 random sampling
Kenfik  piU 137villagss  Com 2000  0.50-499  1sgg  Mullistage oy e 74.0
2000 random sampling
Random
HKI R 10 rural Com 2000  0.50-4.99 1762 multistage ~ HemoCue 54.0
2000 provinces .
cluster sampling
Johnston . Two-stage
2003* R/U 124 villages Com 2003 0.50-4.99 1341 random sampling HemoCue 72.15 (1.6)
. .. - CBC
Glovanglm R 1 d1§tr1ct, 24 Com 2003 0.50 +/-7 204 Two-stage' (CellDyn 788
2006 villages days random sampling 3200)
Schumann 1 province, Two-stage CBC
13 R . Com 2003 0.50-2.00 250 . (CellDyn 74.4
2009 13 villages random sampling 3200)
Helmers 40 villages, Two-stage
199914 20 communes Com 1999 0.50-4.99 1005 random sampling HemoCue 67.0 (3.3)
Talukder o (ot available  Com 2005 0.50-4.99  ~125 Two-stage o ocue 76.0
2010 random sampling

Abbreviations: U, urban; R, rural; Com, Community-based

when considering the prevalence of anemia. Pregnant and
lactating women have a higher demand for nutritional
sources of iron in order to maintain normal hemoglobin
levels because they require an adequate iron supply for
the growth of the foetus and/or the production of milk.?
For this reason, it is beneficial to categorize women as
non-pregnant and non-lactating (NPNL), pregnant (PW),
lactating (LW), and/or pregnant or lactating (PWLW)
(Table 4).

The CDHS conducted in 2000 estimated a 55.1% and
66.3% prevalence of anemia in NPNL (Hb <120 g/L) and
PWLW (Hb <110 g/L), respectively.” The prevalence
estimates decreased significantly (p <0.001) five years
later with anemic NPNL women representing 44.3% of
the population, and 55.4% of PWLW estimated to be
anemic.® In 2010, 43.4% of NPNL women were anemic,
and 49.9% of PWLW, signifying a further reduction in

the overall prevalence.’

Additional, non-nationally representative studies report
a wide range in the reported prevalence of anemia. Esti-
mates suggest that 61.0%-69.0% of non-pregnant women
and 72.0%-77.0% pregnant women are anemic.'*'""
Two studies with much smaller sample sizes did not sepa-
rate according to reproductive status, and estimate 25.0%-
33.0% prevalence of anemia in all women surveyed.'®*

Summary of the situation analysis

The lack of data presented herein highlights the need for a
comprehensive national nutrition survey including meas-
urement of micronutrient, but also macro-nutrient status,
among all ages in both genders. There is a relative abun-
dance of data on infants and preschool-aged children, and
this is an important group to monitor as effects of anemia
can be most severe during these important developmental
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Table 3. Summary of prevalence data on anemia among school-aged children in Cambodia

. Study . . Prevalence of
Reference  Area Place Setting period Agegroup N Sampling design ~ Hb method anemia (severe)
. . Grade 1 All grade 1 .
Longfils - p 2 villages, 2 primary 1999 children 451 children presenton -°vibond 64.1
2008 2 districts schools : method
(6-15 years) sampling day
Random
McLean . 32 secondary . CBC (Sys-
20097 R 4 provinces schools 2007- 2008 9-21 years 231 multl-stage. mex KX21) 212
cluster sampling
2-stage sampling;
Longfils 1 secondary purposive CBC
: _ o/t
200818 R 1 province school 2005 6-21 years 805 sampling to include (C3ezlgg§m 7%
students with IDA
2-stage sampling;
Longfils — p | province | Primary 2005  6-21 years 699 purposive (Cglllag n 13%"
2008'® p school y sampling to include 320031 ’
students with IDA

Abbreviations: U, urban; R, rural; IDA, iron-deficiency anemia; N, sample size

T Prevalence of IDA

years. Iron requirements are increased during periods of
marked growth, including puberty; therefore the lack of
data on the prevalence of anemia in school-aged children
and adolescents is a concern. Quite obvious is the com-
plete absence of data on the prevalence of anemia in men.
Anemia is often considered a disease of women and chil-
dren, but men are also at risk and nationally representa-
tive data for this group should be collected. Similarly,
data on the prevalence of anemia in the elderly is absent,
with the majority of surveys setting an upper age limit for
inclusion of 50 years. Given that the quantity and quality
of diet typically decreases with age,?' there is likely to be
a high prevalence of anemia in older individuals that is
not captured by the current research.

Overall, the three nationally-representative health sur-
veys show that the prevalence of anemia remained un-
changed in children aged 0.50-4.99 years. Fortunately, in
women of reproductive age, anemia prevalence dropped
approximately 11 percentage points for both NPNL and
PWLW between 2000 and 2005.”” Despite this progress,
the prevalence of anemia in these groups remains unac-
ceptable and continues to present a severe public health
problem according to WHO standards.’

ETIOLOGY OF ANEMIA

Anemia is the result of a wide variety of causes that can
be isolated, but more typically co-exist. Commonly, ane-
mia results from dietary iron deficiency, which is a major
cause of anemia worldwide.! Non-nutritional causes of
anemia are numerous and diverse. In the developing
world, common infections which may be both chronic
and recurrent are associated with blood loss that can re-
sult in iron deficiency and ultimately anemia. In addition,
inherited abnormal hemoglobin traits, acute haemorrhage
and various chronic diseases are also contributing factors.

i) Iron deficiency anemia
Iron status can be considered as a continuum from iron
deficiency with anemia (IDA), to iron deficiency without

anemia, to normal iron status, and finally to iron overload.

The WHO estimates that approximately 50% of all ane-
mias can be attributed to iron deficiency.'

Iron deficiency anemia may result from a single, or any
combination of four major factors: i) inadequate daily
iron intake and/or iron bioavailability; ii) increased iron
needs at various stages of life, including pregnant women,
children and adolescents; iii) chronic iron loss due to
menstruation, ulcers or parasitic infection; and, iv) im-
paired iron utilization after absorption as a result of re-
peated infection and/or concomitant micronutrient defi-
ciencies.?

In Cambodia, data are scant on the prevalence of IDA
and inference from surveys on the prevalence of general
anemia must be used. To determine the prevalence of iron
deficiency, hemoglobin concentration plus an indicator of
iron status, most commonly serum ferritin, must be eam-
ined.>*? Hemoglobin is easily measured with a capillary
blood sample using a portable hemoglobin monitor, such
as the HemoCue® system (HemoCue AB, Angelholm,
Sweden), but serum ferritin analysis requires a venous
blood sample. Serum ferritin is an acute-phase protein
that is elevated in response to infectious disease or in-
flammatory processes, and this must be taken into ac-
count when conducting an analysis of this data.® For this
reason, the majority of research on the prevalence of
anemia in the developing world, including Cambodia,
provides only hemoglobin data and the prevalence of IDA
can therefore only be estimated.

Trend analysis from the three, nationally-representative
Demographic and Health Surveys showed that the preva-
lence of anemia in children was highest in the 6 to 24
months age category, but that the situation eventually
improves after 2 years of age (Figure 1).”®° This mark-
edly high prevalence of anemia in pre-school aged chil-
dren coincides with a child’s peak period of growth when
iron requirements would be elevated; thereby suggesting
that iron deficiency is a significant cause of anemia in this
age group.*

Three intervention studies reported above also included
markers of iron deficiency and the prevalence of iron de-
ficiency and/or IDA can therefore be calculated. In 2009,
Schumann et al. conducted a study on the efficacy of iron
supplements in 250 rural children. At baseline, iron defi-
ciency was estimated to be present in 44.0% of children
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Table 4. Summary of prevalence data on anemia among women in Cambodia
Stud Age Hb Prevalence
Reference  Area Place Setting Y Status N Count Sampling design of anemia
period group method
(severe)
2-stage cluster
CDH<§ R/U National Com 2010 NPNLW 15.00- 7385 sampling within  HemoCue  43.4 (0.4)
2010 49.99
U/R strata
2-stage cluster
CDH9$ R/U National Com 2010 PW 15.00- 469  sampling within ~ HemoCue 52.7 (0.0)
2010 49.99
U/R strata
2-stage cluster
CDH§ R/U National Com 2010 LW 15.00- 1376  sampling within ~ HemoCue  47.1(0.0)
2010 49.99
U/R strata
CDHS Total:
2010° 9229 44.4 (0.4)
2-stage cluster
CDH? R/U National Com 2005 NPNLW 15.00- 6408 sampling within HemoCue  44.3 (0.9)
2005 49.99
U/R strata
2-stage cluster
CDHgS R/U National Com 2005 Lw 15.00- 486  sampling within ~ HemoCue 57.1(3.4)
2005 49.99
U/R strata
2-stage cluster
CDH? R/U National Com 2005 PW 15.00- 1325 sampling within ~ HemoCue  53.6 (0.8)
2005 49.99
U/R strata
CDHS Total:
20058 8219 46.6 (1.0)
2-stage cluster
CDH§ R/U National Com 2000 NPNLW 15.00- 2722  sampling within ~ HemoCue  55.1 (0.7)
2000 49.99
U/R strata
2-stage cluster
CDH§ R/U National Com 2000 PW 15.00- 209  sampling within  HemoCue  66.4 (4.3)
2000 49.99
U/R strata
2-stage cluster
CDH7S R/U National Com 2000 LW 15.00- 680  sampling within HemoCue  66.1 (2.6)
2000 49.99
U/R strata
CDHS Total:
20007 3634 57.8 (1.3)
Charles o All 20.0- 2-stage random CBC (CellDyn
2011" R 1 district Com 2008 women 740 120 sampling 3200) 25.0
Helmers R MOvillages, oo 1999 NPW WA g4 2Stagerandom o e 69.0
1999 20 communes sampling
Helmers R MOvillages, o 1999 pw wa p1p  2Stagerandom o e 72.0
1999 20 communes sampling
Kenfick  p/y 125villages Com 1998 NPW  N/A 994  Multistage  HemoCue 69.0
1998 random sampling
Kenfick  p/y 125villages Com 1998  PW  NA 97 Multistage ~ HemoCue 74.0
1998 random sampling
Kenfick  pry 137villages Com 2000 NPW  N/A 998 Multistage  HemoCue 61.0
2000 random sampling
Kenfick  p/y 137villages Com 2000  PW  NA 116 _ Multstage  HemoCue
2000 random sampling
McLean . 2007- 15.0— 2-stage random CBC (Sysmex
20097 R 1 district Com 2008 WRA 540 231 sampling KX21) 333

Abbreviations: U, urban; R, rural; Com, community-based; NPNLW= non-pregnant, non-lactating women; NPW=non-pregnant women;
PW= pregnant women; WRA=women of reproductive age; N/A=not available; N = sample size

aged 6-24, even when controlling for inflammation.'*

A 2006 study involving 204 children selected from a
single district in Kompong Chhnang province showed
that iron deficiency was prevalent in 13.2% of children
aged 6 months." However, by 18 months, more than 50%
of children in the placebo group (n=62) were reported to
be iron deficient, even when accounting for inflammation.

In order to determine the effectiveness of a supplemen-
tation program involving 60,000 school girls in five target
provinces and 33,000 women of reproductive age in one
operational district, McLean surveyed a subsample of the

school girls (n=231) and women of reproductive age (n=
231) for indicators of iron status.'® Iron deficiencies were
found at baseline in 18.2% of school girls, with IDA af-
fecting 10.4% of participants. In women of reproductive
age, iron deficiency and IDA were estimated to affect
19.9% and 12.6% of survey participants, respectively.
Following intervention with oral iron supplements, iron
deficiency decreased significantly among anemic and
non-anemic women at baseline but the proportion of
anemia remained unchanged. These findings suggest that
iron deficiency was only partially responsible for cases
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Figure 1. Prevalence of anemia in pre-school aged children (6-59 months) measured in 2000, 2005 and 2010 as part of the Cambodian

Demographic Health Survey series.”

of anemia in the study group, and that various other etio-
logical factors may be at play.'® Future surveying efforts
should assess iron status of the population in order to de-
termine the contribution of iron deficiency to the preva-
lence of anemia that is currently reported.

ii) Vitamin A and other micronutrient deficiencies
Deficiencies of several key micronutrients may also lead
indirectly to anemia, typically by influencing hemoglobin
metabolism. These include vitamin A, folate, vitamin B-
12, vitamin C, protein, and copper.”® Vitamin A defi-
ciency, in particular, is a well-established contributor to
anemia and is also common in the developing world
where dietary diversity is limited.” Vitamin A is essential
for hematopoiesis, and it is thought that this vitamin is
required for the mobilization of iron for hemoglobin syn-
thesis.”**

Data on the prevalence of vitamin A deficiency can be
taken from the Demographic and Health Surveys. In 2000,
22% of rural children aged 6-59 months had severe vita-
min A deficiency as assessed by serum retinol levels.” In
2000 and 2005, only one in three children received a vi-
tamin A supplement within 6 months before the survey.”*
In 2010, nearly 71% of children had received vitamin A
supplements in the past 6 months, largely attributable to
the efforts of the National Vitamin A Policy that was de-
veloped in 2009.°

In addition to the recent scale-up of vitamin A supple-
mentation, children may also consume dietary vitamin A.
The 2005 and 2010 nation-wide surveys collected data on
the consumption of vitamin A-rich foods during the 24-
hour period prior to surveying.®’ Foods rich in vitamin A
were consumed by 87.3% of last-born children in the 24-
hour period before the survey in 2005, and by 81.8% of
the children in 2010. Among women aged 15-49 with a
child under three years living with them, 98.5% con-
sumed vitamin A-rich foods in 2005, though this data was
not collected in 2010. In 2010, approximately 43% of
women received post-partum supplementation with vita-
min A. In spite of the progress in scaling-up of vitamin A
supplementation programs, especially for children, data

has still not been collected on the total daily vitamin A
intake across all demographic subgroups, so it is not pos-
sible to determine whether or not daily vitamin A re-
quirements are being met.

iii) Helminths

Helminths are a division of eukaryotic parasites that live
inside their host, commonly in the intestinal tract. The
organisms can disrupt nutrient absorption leading to
weakness and disease and may contribute to anemia by
causing blood loss and depletion of iron stores and/or by
inhibiting vitamin A absorption; diarrhoea and chronic
inflammation are also common side effects.”® In Cambo-
dia, helminths constitute a major health problem.”” A sur-
vey of intestinal parasite infection in 251 primary school
children in Kompong Cham Province was conducted in
2002 and reported an infection prevalence of 57% in
males and 51% in females.”® In a similar survey of 623
schoolchildren in Battambang province,25.7% individuals
were infected.”” Hookworm (N. americanus, A. duode-
nale), whipworm (T. trichuria), roundworm (A. lumbri-
codes), Opisthorchis sp. and Echinostoma sp. were identi-
fied, and multiple infections were noted in a subsample of
the cases.****

In 2009, the National Nutrition Program developed a
policy for widespread deworming of children aged 12-59
months, together with vitamin A supplementation. The
most recent estimates show that 56.7% of children re-
ceived deworming medication in the past 6 months.” In
contrast, only 25.7% of children received similar de-
worming medication in 2005.® The impact of this pro-
gram to date may partially explain the decreased preva-
lence of anemia in children.

iv) Malaria

The world over, malaria is an important cause of anemia
as the parasitic infection ultimately leads to hemolysis of
red blood cells and a decrease in hemoglobin production.
Since 1991, the Cambodia National Malaria Centre is
responsible for monitoring the prevalence of malaria in
the country.* Though malaria was once considered a sig-
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nificant cause of morbidity and mortality in Cambo-
dia,’*! a high level of deforestation has occurred over the
past two decades (29% of primary tropical forest between
2000 and 2005) and this has dramatically decreased the
size of suitable habitat for malaria-infected mosquitoes.*
In turn, the Cambodian Ministry of Health report that the
prevalence of malaria has dropped significantly.*

In 2009, approximately 64,000 confirmed cases of ma-
laria were reported, with the majority caused by the
Plasmodium falciparum species of the malaria parasite.”
Cases appear to be concentrated in rural areas, with a par-
ticular clustering along the western border of the coun-
try.***! Though malaria may be a contributing factor, the
relatively low prevalence and marked clustering in iso-
lated areas of the country suggest that malaria is not a
significant cause of anemia in Cambodia.

v) Hemoglobinopathies

Hemoglobinopathies have been widely reported through-
out much of Southeast Asia.** These conditions are ge-
netically inherited defects that result in abnormal struc-
ture of one of the globin chains of the hemoglobin mole-
cule, ultimately leading to anemia.”> In Cambodia, no
nationally representative data is available and future sur-
veying efforts should address this deficiency of data, in-

cluding the prevalence of co-existent hemoglobinopathies.

Three studies on the prevalence of hemoglobinopathies
in specific subpopulations were identified: a study involv-
ing 322 urban children aged 6 to 36 months from a single
district in Phnom Penh,*® a population-based sample of
250 children aged 6 to 24 months," and a hospital study
involving 260 patients from the Angkor Children’s Hos-
pital in Siem Reap province.** The prevalence of any, non
type-specific hemoglobinopathy ranged from 29.0% to
51.5% in children aged 6 months to 16 years of age.'****

Data on the specific type of hemoglobinopathy is yet
more limited. Abnormal hemoglobin variant E was found
in all three studies, with prevalence of 28.8 —
32.0%;'**** further analysis in one study revealed that
heterozygous variant type E was found in 22.0%, while
homozygous variant type E accounted for the remaining
cases.”® Thalassemia was identified in the children’s hos-
pital study only, with 35.4% and 0.8% prevalence of a-
thalassemia and B-thalassemia, respectively.’® Despite
this high prevalence, the majority of hemoglobinopathies
were mild and not clinically significant and may not pose
a major health burden in Cambodia, although are likely to
be a contributing cause. The infant mortality rate in Cam-
bodia is quite high, and the possibility exists that some
children with clinically significant inherited hemoglobin
disorders may have failed to survive, resulting in an un-
derestimation. **

vi) Others

Several other diverse factors can also cause anemia.
Chronic blood loss, from peptic ulcers for example, can
be a contributing factor to IDA, though prevalence data in
Cambodia has not been collected.” Trauma, resulting in
acute blood loss, may also induce iron deficiency and
IDA dependent upon the severity of haemorrhage.’ Fi-
nally, complications during pregnancy and/or childbirth
can result in anemia. In rural Cambodia, approximately

51% of women deliver at home and 33% of deliveries

take place in the absence of a trained health professional,

thus obstetric haemorrhage may be a major cause of ane-
a9

mia.

IRON INTAKE IN CAMBODIA

i) Dietary Iron Intake

Given that approximately 50% of all anemia may be at-
tributed to iron deficiency, it is imperative to examine
iron intake and overall diet composition. The 2005 and
2010 CDHS surveys, along with the 2008 Anthropomet-
ric survey, provide limited, nationally-representative data
on the consumption of iron-rich foods by women and
children.**?’

The period of birth to two years of age is a critical pe-
riod for child development, and adequate nutrition is im-
portant for optimal growth and health. The most recent
nation-wide data suggests that 75.8% of children con-
sume foods rich in iron, with some differences by back-
ground characteristics.” When compared to 2005 survey
data, there is an 11.5% reduction in the consumption of
iron-rich foods, though the reason for this is not clear.®
No gender difference was reported in either survey, how-
ever children living in urban areas and those still breast-
feeding may have a lower intake of iron-rich foods.

Adequate iron intake is also important for pregnant
women and women of reproductive age. Women aged 15-
49 with a child under three years living with them were
also surveyed for iron intake in 2005 and 2010. Approxi-
mately 98% of women reported consuming foods rich in
iron during the 24-hour period prior to the survey; these
foods include meat (including organ meat), fish, poultry
and eggs; this information was not presented in 2010 re-
port.>’

The 2008 Cambodian Anthropometric Survey included
a nationally representative sample of 7,495 households
with children aged 0 to 59 months.”’” Information on food
consumption was collected for both children and mothers,
including the consumption of iron-rich foods in the day or
night preceding the interview. Organ meats were con-
sumed by 5.8% of children and 7.3% of mothers, flesh
meats were consumed by 36.5% of children and 46.1% of
mothers, and fish was found to be the most commonly
eaten iron-rich food, with consumption reported in 67.3%
and 83.9% of children and mothers, respectively.

These values for both women and children only pro-
vide data on the consumption of iron rich foods, not
whether or not daily iron requirements are met by the diet.
Anderson and colleagues reported an adequate intake of
iron for non-breastfed toddlers aged 12-36 months, but an
inadequate intake for those toddlers who were partially
breastfed. However, this data cannot be considered na-
tionally representative and was based on a sample of
stunted children from some of the poorest families of
Phnom Penh and were therefore more likely to be at risk
of suboptimal micronutrient status.*

Typical overall meal composition, including consump-
tion of iron-rich foods, but also consumption of enhancers
and/or inhibitors of iron absorption should be investigated.
Given that the majority of women in Cambodia lack ac-
cess to iron-fortified food products and other sources of
highly bioavailable iron, this group should be considered
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a priority for effective intervention programming. Addi-
tionally, there is a need for research on the types of iron-
rich foods available in Cambodia, including seasonality,
cost, and access across the various geographic regions
and demographic groups.

ii) Iron Supplementation

Supplementation with oral iron tablets also contributes to
overall iron intake. Until recently, Cambodia did not have
a preventive iron supplementation program for children,
despite anemia being documented as a severe public
health problem in this group. For this reason, households
needed to purchase iron supplements out-of-pocket and
preventive supplementation was therefore quite rare.”*

In 2009, the first-ever National Nutrition Strategy was
developed in an effort to combat the burden of disease
related to malnutrition and micronutrient deficiency.*®
Currently, research is being conducted in high-risk prov-
inces on the use of multiple micronutrient sprinkles as in-
home fortification for children under 2 years of age.*The
results from the research program are not yet available,
though if sprinkles are found to be acceptable and effec-
tive, the burden of anemia in children may be greatly re-
duced.

The use of iron supplements among women aged 15-49
is more widely documented. The 2005 CDHS collected
limited data on the intake of and access to micronutrient
supplements. Among women aged 15-49 with a child
under three years living with them, 17.6% of women took
the recommended number (90+ tablets) of iron/ folic acid
supplements during their most recent pregnancy.® Some
women (9.0%) took 60-90 tablets, while 30.8% reported
taking fewer than 60 tablets. Importantly, many women
(36.8%) did not take iron/folic acid supplements at all
during their most recent pregnancy.

In 2010, there has been improvement in both access to,
and use of, iron supplements.” Nearly 60% of women
reported taking 90+ iron tablets (or doses of syrup) during
their most recent pregnancy, while 10.4% used no sup-
plementation at all. In addition, 44.9% of women reported
use of post-partum iron/folate supplements.

Despite this progress, it is still apparent that many
women are either not receiving the recommended number
of iron supplements during pregnancy, or they are choos-
ing not to use them even when they do have access. Ac-
cording to the National Guidelines for Iron and Folic Ac-
id Supplementation established in 2007, pregnant and
post-partum women should have access to at least 90 ful-
ly-funded iron/folic acid tablets during each pregnancy.*
Distribution is expected to occur at hospitals, health cen-
tres and/or through outreach activities where available.
Access to supplements appears to be limited by problems
with outreach staffing, limited community mobilization
for attending outreach activities, inadequate interest
and/or poor knowledge about anemia on the receiving
side, and/or stock-outs of tablets.* The effectiveness of
this program, including a more detailed investigation of
why nearly 50% of women are not taking the recom-
mended number of iron supplements, must be assessed
through continued efforts at nation-wide surveillance in
order to better undestnad the effects of intervention pro-
grams.

DISCUSSION

This paper reviews the available data on the magnitude
and country-specific etiology of anemia in the Cambodian
context. Anemia represents a severe public health prob-
lem for women and children in Cambodia, with serious
consequences for human health and well-being. Available
data on the etiology of anemia in Cambodia points to iron
deficiency as an important cause of anemia, and this is in
keeping with global trends.' Other nutritional disorders,
such as vitamin A deficiency, hemoglobinopathies, hel-
minths, malaria, and other non-nutritional factors likely
contribute to the overall prevalence. Research on the eti-
ology of anemia in Cambodia is needed to clarify the
primary causes within the population as it is impossible to
design effective treatment and prevention programmes
without decisive etiological data in-hand.

This review highlights the need for a comprehensive,
nationally representative nutrition survey that elicits data
on both the macro- and micro-nutrient status (including
iron status) across age groups, for both men and women.
Currently, there is dearth of data for a large portion of the
population. In particular, there is a complete lack of data
on the prevalence of anemia in men and the elderly of
both genders, and only a handful of studies, one of which
was conducted in a narrow socio-economic bracket, pro-
vided information on the situation for school-aged chil-
dren.

In 2004, the Copenhagen Consensus brought together
an international panel of development economists to con-
sider and confront the ten most pressing challenges to
global welfare, including human and environmental
health.*” Micronutrient interventions, including iron forti-
fication, ranked at the top of the list and were deemed to
be the greatest priority with the highest benefit:cost ratio
of any development intervention.* These findings were
confirmed in 2008, at the most recent Consensus meeting,
where iron and zinc fortification were placed within the
top three global challenges.*’ This prioritization of iron
and other micronutrient interventions emphasizes the
need for well-designed, sustainable and effective pro-
gramming efforts to combat iron deficiency anemia, and
related deficiencies in Cambodia and beyond. There is no
denying that iron supplementation should be an important
component of policies aimed at reducing anemia, but
there is also a need for more sustainable solutions. These
alternative approaches fall into four broad categories:** i)
strategies to increase the production of micronutrient rich
foods such as programs to improve home production of
fruits and vegetables, aquaculture and livestock produc-
tion; ii) strategies to increase the intake of micronutrient
rich foods, including nutrition education to guide con-
sumer food practices and the incorporation of iron into
otherwise deficient diets through the use of adventitious
iron sources, including iron cookware;*** iii) strategies
to increase the bioavailability of micronutrients using
home processing techniques (such as fermentation and
germination), food-to-food fortification, and proper food
preservation; and finally, iv) through the adoption of se-
lectively-bred plants that are designed to increase iron
content and bioavailability of staple grains, including rice.

The International Nutritional Anemia Consultative
Group (INACG) further recommends the use of an array



Anemia in Cambodia 179

of interventions to prevent and correct iron deficiency
anemia, and suggest that supplements should only be
viewed as one of several tools in reducing the burden of
disease.” Recent recommendations suggest that only if
the amount of absorbable iron in the diet cannot be im-
mediately improved should iron tablets be necessary, as is
usually the case with children 6-24 months and pregnant
women.* The report highlights the possibilities for and
effectiveness of various food-based interventions includ-
ing many of those which are described above. Research in
Cambodia must be conducted in order to determine the
feasibility and efficacy of these alternative approaches.

Any approach in the treatment and prevention of ane-
mia must consider the multi-factorial nature of the condi-
tion. Although iron deficiency is one of the most preva-
lent etiologies, other contributing factors may require
different approaches. Thus a holistic approach to combat-
ing anemia should include helminth control, malarial pro-
phylaxis, and provision of safe and affordable reproduc-
tive health services to limit blood loss during pregnancy
and childbirth, as highlighted in the INACG report.** Pro-
gramming must also target whole families rather than
pregnant women and pre-school aged children, alone.

More recently, the National Nutrition Strategy estab-
lished the goal of provision of micronutrient supplements,
including iron, zinc and vitamin A to children in the form
of multiple micronutrient sprinkles.*® This goal of wide-
spread micronutrient intervention, together with deworm-
ing and the reduction of protein-energy malnutrition for
women and children, represent an important step forward
in the health and well-being of the country. Although the
effectiveness of the program has not yet been assessed,
these are important demographic group that may suffer
irreversible functional consequences as a result of anemia,
and the strategy must therefore be monitored closely and
respond to accordingly.

The adverse effects of anemia on mortality, morbidity
and development are abundantly clear. Anemia affects
how individuals participate in all areas of life, including
work, school and social activities, and this limits the abil-
ity to generate income and afford iron-rich sources of
food, medical treatment, and school fees. In turn, this
leads to constrained social and economic development,
ultimately contributing to a viscous cycle of poverty that
is difficult to overcome. The overall magnitude of the
problem in Cambodia is therefore cause for great concern
and an immediate, sustained and holistic intervention is
needed. Long-term measures, including food fortification
and production programmes, should be adopted and de-
veloped in Cambodia to ensure that all demographic
groups can benefit from improved iron intake.

The effectiveness of short-term programs targeted at
high risk groups must also be further investigated to en-
sure universal access to and importantly, the use of, iron
supplements in both urban and rural areas. In addition,
reasons for inadequate availability and/or use of postpar-
tum iron supplements should be considered. The devel-
opment and implementation of nutrition education cam-
paigns should be considered as a means of disseminating
‘best practices’ guidelines to the general population, es-
pecially in relation to infant and young child feeding
practices and the importance of good nutrition during

pregnancy. Assurance of adequate iron intake and proper
nutrition during adolescence is a pre-requisite for a soci-
ety’s prosperity; thus, state-funded supplementation
should also be considered for those at need during these
important developmental years. Perhaps most urgently,
comprehensive nation-wide surveillance on the preva-
lence and country-specific etiology of anemia, including
collection of data on iron status, must be conducted in
order to direct future programs to prevent and control
anemia. A multidisciplinary approach is essential to
achieve these goals and the continued cooperation of the
Cambodian government at the federal-, provincial- and
community-level, together with international donors and
development agencies will be the key to success.

ACKNOWLEDGEMENTS
The authors wish to thank Karen Richardson for assistance with
the literature search.

AUTHOR DISCLOSURES

No conflicts declared. Funding was provided by the University
of Guelph, Canada and the Canadian Institutes of Health Re-
search.

REFERENCES

1. World Health Organization. Worldwide prevalence of anae-
mia 1993-2005: WHO global database on anemia. Geneva,
Switzerland: World Health Organization; 2008

2. DeMaeyer E, Adiels-Tegman M. The prevalence of anaemia
in the world. Bull World Health Organ. 1985;3:302-16.

3. World Health Organization. Iron deficiency anaemia. As-
sessment, prevention and control: A guide for programme
managers. Geneva, Switzerland: World Health Organization;
2001.

4. Johnston R, Conkle J. Micronutrient deficiencies and inter-
ventions in Cambodia: information for improved program-
ming. Phnom Penh, Cambodia: A2Z — The USAID Micro-
nutrient and Child Blindness Project; 2008

5. Stoltzfus RJ, L Mullany, RE Black. Iron deficiency anemia.
In: Ezzati M, Lopez AD, Rodgers A, Murray JL, editors.
Comparative Quantification Of Health Risks: Global and
Regional Burden of Diseases Attributable to Selected Major
Risk Factors. Geneva, World Health Organization; 2004. pp.
163-2009.

6. World Health Organization. The prevalence of anaemia in
women: a tabulation of available information (2™ edition).
1992 [cited 2011/01/03]; Available from: http://whqlibdoc.
who.int/hq/1992/WHO_MCH_MSM_92.2.pdf

7. Cambodia Demographic and Health Survey. Phnom Penh,
Cambodia: National Institute of Public Health, National In-
stitute of Statistics and ORC Macro; 2000.

8. Cambodia Demographic and Health Survey. Phnom Penh,
Cambodia: National Institute of Public Health, National In-
stitute of Statistics and ORC Macro; 2005.

9. Cambodia Demographic and Health Survey. Phnom Penh,
Cambodia: National Institute of Public Health, National In-
stitute of Statistics and ORC Macro; 2010.

10. Kenefick E. Report on the Cambodian 1998 Joint UNICEF-
WFP Baseline Survey of CASD Project and WFP Target Ar-
eas. Cambodia: UNICEF and the UN World Food Pro-
gramme; 1998.

11. Kenfick E. UNICEF follow-up survey of households in
CASD villages. Cambodia: UNICEF and UN World Food
Programme; 2000.



180

CV Charles, AJS Summerlee and CE Dewey

12.

13.

14.

15.

16.

17.

18.

19

20.

21.

22.

23.

24.

25.

26.

27.

Helen Keller International. Cambodian National Micronutri-
ent Survey. Phnom Penh, Cambodia: Helen Keller Interna-
tional Cambodia; 2000.

Giovannini M, Sala D, Usuelli M, Livio L, Francescato G,
Braga M, Radaelli G, Enrica R. Double-blind, placebo-
controlled trial comparing effects of supplementation with
two different combinations of micronutrients delivered as
sprinkles on growth, anemia, and iron deficiency in cambo-
dian infants. J Pediatr Gastroenterol Nutr. 2006;42:306-12.
Schumann K, Longfils P, Monchy D, Xylander S von,
Weinheimer H, Solomons N. Efficacy and safety of twice-
weekly administration of three RDAs of iron and folic acid
with and without complement of 14 essential micronutrients
at one or two RDAs: a placebo-controlled intervention trial
in anemic Cambodian infants 6 to 24 months of age. Eur J
Clin Nutr. 2009;63:355-68.

Helmers K, Kenefick E. Survey of household livelihoods
and nutrition in Cambodian communes affected by civil
conflict since 1989: the UN World Food Programme Pro-
tracted Emergency Target (PET) survey. Cambodia: United
Nations World Food Programme; 1999.

Talukder A, Haselow NJ, Osei AK, Villate E, Reario D,
Kroeun H, SokHoing L, Uddin A, Dhunge S, Quinn V.
Homestead food production model contributes to improved
food security and nutrition status of young children and
women in poor populations: lessons learned from scaling-up
programs in Asia. 2010 [cited 2011/01/03]; Available from:
http://factsreports.revues. org/index404.html

Longfils P, Heang UK, Soeng H, Sinuon M. Weekly iron
and folic acid supplementation as a tool to reduce anemia
among primary school children in Cambodia. Nutr Rev.
2005;63:5S139-45.

McLean J. Final report for the WHO, Cambodia: weekly
iron-folic acid supplementation program evaluation. Van-
couver, Canada: University of British Columbia; 2009.

. Longfils P, Monchy D, Weinheimer H, Chavasit V, Naka-

nishi Y, Schumann K. A comparative intervention trial on
fish sauce fortified with NaFe-EDTA and FeSO4+citrate in
iron deficiency anemic school children in Kampot, Cambo-
dia. Asia Pac J Clin Nutr. 2008;17: 250-7.

Charles CV, Dewey CE, Daniell WE, Summerlee AJS. Iron-
deficiency anaemia in rural Cambodia: community trial of a
novel iron supplementation technique. Eur J Public Health.
2011;21:43-8.

Fiatarone SMA, Bernstein MA, Ryan AD, O'Neill EF,
Clements KM, Evans WJ. The effect of oral nutritional sup-
plements on habitual dietary quality and quantity in frail el-
ders. J Nutr Health Aging. 2000;4:5-12.

Broek N van den. Anaemia and micronutrient deficiencies.
Br Med Bull. 2003;67:149-60.

Semba RD, Bloem MW. The anemia of vitamin A defi-
ciency: epidemiology and pathogenesis. Eur J Clin Nutr.
2002;56:271-81.

Bloem MW, Wedel M, Agtmaal EJ van, Speek a J, Saowa-
kontha S, Schreurs WH. Vitamin A intervention: short-term
effects of a single, oral, massive dose on iron metabolism.
Am J Clin Nutr. 1990;51:76-9.

Hodges R, Sauberlich H, Canham J, Wallace D, Rucker R,
Mejia L, Mohanram M. Hematopoietic studies in vitamin A
deficiency. Am J Clin Nutr. 1978;31:876-85.

World Health Organization. Prevention and control of intes-
tinal parasitic infections. Geneva: World Health Organiza-
tion; 1987.

Western Pacific Regional Office of the World Health Or-
ganization. Review of the epidemiological profile of helmin-
thiases and their control in the Western Pacific Region,

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

1997-2008. Manila, Philippines: Western Pacific Regional
Office of the World Health Organization; 2008.

Lee K, Bae Y, Kim D, Deung Y, Ryang Y, Kim H, Im K,
Yong T. Status of intestinal parasites infection among pri-
mary school children in Kampong Cham, Cambodia. Ko-
rean J Parasitol. 2002;40:153-5.

Park SK, Kim D, Deung Y, Kim H, Yang E, Lim S, Ryang Y,
Jin D, Lee, K. Status of intestinal parasite infections among
children in Bat Dambang, Cambodia. Korean J Parasitol.
2004;42:201-3.

World Health Organization. Review of the malaria drug
efficacy situation in 10 countries of the WHO Western Pa-
cific Region, 1987-2003. Manila, Philippines: Western Pa-
cific Regional Office of the World Health Organization;
2005.

World Health Organization. Malaria in the greater Mekong
subregion: Regional and country profiles. Manila, Philip-
pines: Western Pacific Regional Office of the World Health
Organization; 2010.

Food and Agriculture Organization. Global Forest Resource
Assessment Annex 3 — Global Tables. 2005 [cited
2010/12/12] Available from: ftp:/ftp.fao.org/docrep/fao/
008/A0400E/A0400E 14.pdf.

World Health Organization. Malaria annual data. 2009 [cited
2011/01/12] Available from: http://www.wpro.who. int/sites/
mvp/data/malaria/

Carnley BP, Prior JF, Gilbert A, Lim E, Devenish R, Sing H
et al. The prevalence and molecular basis of hemoglobi-
nopathies in Cambodia. Hemoglobin. 2006;30:463-70.
Weatherall D, Clegg J. Public Health Reviews-Inherited
haemoglobin disorders: An increasing global health problem.
Bull World Health Organ. 2001;79:704-12.

Anderson VP, Jack S, Monchy D, Hem N, Hok P, Bailey KB,
Gibson RS. Co-existing micronutrient deficiencies among
stunted Cambodian infants and toddlers. Asia Pac J Clin
Nutr. 2008;17:72-9.

National Institute of Statistics. 2008 Anthropometrics Sur-
vey. Phnom Penh, Cambodia: Ministry of Planning, Royal
Government of Cambodia, 2008.

National Nutrition Program. National Nutrition Strategy
2009-2015. Phnom Penh, Cambodia: Ministry of Health
Cambodia; 2008.

National Nutrition Program. National Nutrition Program
Annual Operational Plan 2007. Phnom Penh, Cambodia:
National Maternal and Child Health Center, Ministry of
Health Cambodia; 2007.

Copenhagen Consensus Centre. Copenhagen Consensus
2004. 2004 [cited 2010/12/12]; Available from: http://
www.copenhagenconsensus.com/Projects/Copenhagen%20
Consensus%202004-1.aspx

Copenhagen Consensus Centre. Copenhagen Consensus
2008. 2008 [cited 2010/12/13]; Available from: http://
www.copenhagenconsensus.com/Projects/Copenhagen%20
Consensus%202008-1.aspx

Ruel MT, Levin CE. Assessing the potential for food-based
strategies to reduce vitamin A and iron deficiencies: a re-
view of recent evidence. Washington, USA: International
Food Policy Research Institute; 2000.

Borigato EVM, Martinez FE. Iron nutritional status is im-
proved in Brazilian preterm infants fed food cooked in iron
pots. J Nutr. 1986;128:855-9.

International Nutritional Anemia Consultative Group.
Guidelines for the use of iron supplements to prevent and
treat iron deficiency anemia. Washington DC, USA: Interna-
tional Nutritional Anemia Consultative Group Secretariat;
1998.



Anemia in Cambodia

181

Review

Anemia in Cambodia: prevalence, etiology and re-
search needs

Christopher V Charles phD', Alastair JS Summerlee D', Cate E Dewey PhD”

!Department of Biomedical Science, University of Guelph, Canada
Department of Population Medicine, University of Guelph, Canada

AR RFA PR L EAF S RFIE AR R

IR BE R ERAGREREE A RF IR R F L F 522 M
AN R FARM e AL P OSFEEA R FRA PR 2R F R
ﬁiﬁ’%?ﬂ_ﬁjﬂﬁgﬁlﬂﬁ;\iﬁﬁfﬁglﬂxi*‘f\oﬂxﬁpilgﬁa}:ﬂl@ﬂ;ﬁi,
g0 R SRR TR E RS O R B4 O
E*ﬁﬁﬁ“’*'nglﬁﬁ-’r TR > R L FE2F T PEXAEEOT
e gEEE L ELR G 2REBERAAM IR P RRERY F-
f]}:gﬁﬁr’ﬁ’\*'%?f-l}ﬁg\, £ H 4 ’L*M"b"*'g"::pi-or;*:‘?""{—ﬁéff’z\irévé‘ﬁ
A TG EIAYETIE Y AL RETBTRL R
;Z,AL«»“&E}:HT’L %”%?rm,%sﬂl“}’é’ BTG REB T 4 M R 2

AR Sl p»u/\i#fi%lﬁ]‘ﬂ_mfﬁﬁﬁlif}%'—] 1A B R »
‘\;'L%u/}é‘ ‘LL'};L\'}F:J

FEEE SIS T N LAY - E AT



