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I.

BACKGROUND INFORMATION AND CURRENT STATE

Much of the information compiled in this
Figure 1: Coexistence of wasting, stunting and overweight in Cambodia.
Source: Global Nutrition Report 2020
review is derived from the Global
Nutrition Report [1]. The report focuses
on country level progress towards eight
of the ten 2025 global nutrition targets:
anemia, low birthweight, exclusive
breastfeeding, childhood stunting,
childhood wasting, childhood overweight
(including obesity), adult obesity (men,
women) and adult diabetes (men,
women). The current report states that
Cambodia is on track for 0 of these
nutrition targets. As of 2018, Cambodia
tracked 114th out of 157 countries in
terms of progress toward meeting the
Sustainable Development Goals [2].
Overall, an estimated 2.3 million
Cambodians (14.6%) face severe food
insecurity and dietary quality is poor. The breakdown of overall nutrition status in children under
5 years is to the right (Figure 1). In 2014, almost one-third (32 percent) of Cambodian children
under 5 were stunted and over 10% of children suffered from wasting [2]. Potentially
contributing to wasting and stunting are infant and child feeding practices (only 65% of infants 06 months are exclusively breastfed), maternal undernutrition, overweight and anemia. In
addition, childbearing begins early in Cambodia. By 19 years, 31% of adolescent girls had begun
childbearing in 2014, which is an increase from 26% in 2010 [2]. The high prevalence of
adolescent underweight (28%) combined with the persistently high adolescent pregnancy rate is
a worrisome trend.
The co-existence of undernourishment (stunting and wasting) and overweight suggests
that the country as a whole is starting to experience the double burden of malnutrition (more
information on this topic here). This trend is especially prevalent in children age 5-19 years
(Figure 2).

Figure 2: Child and adolescent (aged 5-19) nutrition status. Source: Global Nutrition Report 2020.

Stunting
Stunting is defined as a child’s height for age being more than 2 standard deviations below the
mean, using WHO Growth Standards (or below ~3rd percentile). Based on data derived by the
Global Nutrition Report, stunting is prevalent in 32.4% of children under 5 years in Cambodia.
From the early 2000’s to 2014, stunting has decreased from 49% to 32.4% prevalence. The risk
of stunting is 23% higher among first-born children of mothers under 18 years in East Asia, and
as such, early motherhood is a key driver of malnutrition.
Figure 3: Prevalence of under 5 stunting at sub-national level. The region of Roteang is circled in black.
Stunting defined: < 20%: Low prevalence 20-29%: Medium prevalence 30-39%: High prevalence ≥ 40%: Very high prevalence. Source:
Global Nutrition Report, 2020

Why is Stunting important to monitor?
In short, stunting is associated with a poor immune system, brain function, and organ
development. These risks can have long-lasting, harmful consequences including poor school
performance, reduced earnings later in life, and increased risk of developing nutrition-related
chronic diseases, such as diabetes, hypertension, and obesity in the future.
Wasting
Wasting is characterized by a rapid deterioration in nutritional status over a short period of time
but can also persist over longer periods of time. A child whose weight for age is less than -2
standard deviations below the mean, measured by WHO growth standards, is considered
underweight; a child whose weight for length is less than -2 standard deviations is considered
wasted [3].
Cambodia's under-five wasting prevalence is 9.8% [1]. Note that the World Health Organization
(WHO) asserts that a prevalence exceeding 5% is alarming due to its close association with
mortality [4]. Further, the presence of wasting is heightened in children 0-23 months, which is
the most critical age for growth and development (first 1000 days).

Figure 4: Wasting by sex in Cambodian children under 5 years (left) and Wasting by age in Cambodian children under 5
years (right). Source: Global Nutrition Report 2020

Why is Wasting important to monitor?
Children who are wasted have a higher risk of death because their immunity to infections is
weakened by a lack of nutrients. Those who survive may suffer from poor growth and “Failure to
Thrive”, a diagnosis that is associated with delayed physical, mental and social skills.

II.

POSSIBLE NUTRIENT DEFICIENCIES AND MANIFESTATIONS

Along with the presence of stunting and wasting in Cambodia, a “hidden hunger” can exist and
manifest in micronutrient deficiencies. Deficiencies can easily develop in populations that do not
receive a varied diet or consume a diet that is low in one of the food groups. In many regions,
fortification/enrichment are not common practices, which makes consuming adequate vitamins
and mineral more difficult. Based on current research, the following deficiencies may exist in
Roteang: Iron, folate, vitamin A, thiamin, riboflavin, zinc, calcium, and iodine.
ANEMIA OVERVIEW
Despite nationwide programming, anemia is a
primary concern in Cambodia, especially for
children and women of reproductive age.
Roughly 55% of Cambodian pregnant women
are anemic (Figure 5) [1]. Anemia can be
caused by a number of micronutrient and
vitamin deficiencies (B12, Folate, B6, and
Iron). Each type of deficiency has a specific
manifestation in the blood and body.

Figure 5: Anemia trends in women of reproductive age (WRA)
Source: Global Nutrition Report, 2020

Of importance are the findings that iron
deficiency may not be the exclusive cause of
anemia. Monkongdee and colleagues (2016)
found that thalassemia mutations (an
inherited blood disorder that causes your
blood to have smaller red blood cells) were
detected in 62.7% of the three studied
Figure 6: Prevalence of nutritional deficiencies and hemoglobinopathy in anemic and
populations of Cambodia [5].
non-anemic children. Study suggests that the very high prevalence of anemia in
Cambodian women and children cannot be explained solely by micronutrient
Other research suggests that anemia
deficiencies and hemoglobin disorders.
cannot be explained by nutritional
deficiencies or hemoglobin disorders
(Figure 6) [6]. This study suggests that
addressing anemia should include zinc,
folic acid and anti-hook worm
measures.
Interestingly, one study found that
fortifying rice with micronutrients (iron,
vitamin A, zinc, several B vitamins)
increased rates of hookworm reinfection, with the highest rates of
reinfection seen in those children supplemented with the greatest amount of iron [7]. The study
concludes by stating that although fortification is very important, it should be tailored to the
local situation.

IRON
Iron is an essential part of hemoglobin and myoglobin, which are involved in the metabolism and
transportation of oxygen in the body. Iron also plays a role in energy metabolism, excretion of
organic compounds, and production of lymphocyte and natural killer (NK) cells to prevent
infections (if iron is low, immunity may be impaired).
Iron is found in two forms in
foods: heme and non-heme. Figure 7: Factors influencing iron absorption
Heme iron is most readily
absorbed through the
digestive tract and is found
in animal foods (beef, pork,
seafood, poultry). Nonheme iron is found in
vegetables and grains, and
is less readily absorbed for
several reasons. Phytic acid
in grains and legumes and
oxalic acid in dark leafy
greens (like spinach) bind
to iron and prevent its
absorption. Kale contains fewer oxalates and is therefore a better source of iron. In addition,
cooking vegetables drastically reduces oxalate content. Polyphenols in tea have also been known
to decrease absorption. Finally, excessive intakes in milk, zinc, manganese and calcium can
interfere with absorption.
On the contrary, non-heme iron absorption can be increased by
eating a small amount of meat with non-heme iron containing
foods (for example, a spinach salad with chicken on top will
increase iron absorption from the spinach). Consumption of
foods higher in vitamin C can also increase iron absorption.
Figure 7 summarizes factors that impact iron absorption.
Common food sources of iron can be found here as well as
below.

Figure 8: Clinical manifestations of iron
deficiency include concave nails
Source: https://www.gponline.com/haematology-iron-deficiencyanaemia/haematology/haematology/article/1041219

Iron deficiency anemia can compromise the immune system,
impair energy metabolism, and delay cognitive development.
Premature infants, young children, teenage girls and women of childbearing age, vegetarians,
and those with or recovering from infectious disease (malaria, hookworm, TB, HIV/AIDS) are
most at risk for iron deficiency. Sources have found that a moderate infection of hookworm
approximately doubles the iron losses in women of reproductive age. Signs of iron deficiency can
manifest as fatigue, pale skin, weakness, and thin brittle concave nails (Figure 8).

Recommended intake:
Infants
0-6m: 0.27 mg/d
7-12m: 11 mg/d
Children:
1-3y: 7 mg/d
4-8y: 10 mg/d
Males:
9-13y: 8 mg/d
14-18y: 11mg/d
Adult: 8 mg/d
Females:
9-13y: 8 mg/d
14-18y: 15 mg/d
19-50y: 18 mg/d
Pregnancy: 27 mg/d
Lactation:
<18y: 10 mg/d
>18y: 9 mg/d
Source: https://ods.od.nih.gov/factsheets/Iron-HealthProfessional

Iron deficiency in Cambodia:
Interestingly, based on reports from 2016 to present [6] [8] iron deficiency (ferritin <15 μg/L)
was only common in 8.4% of women in rural populations. A much higher percentage of women
(39%) had marginal iron deficiency (Fer < 50 µg/L). The study suggests that the effect of
inflammation on iron stores was minimal. As women who are marginally deficient can become
deficient during pregnancy, methods of adequate iron consumption are still worth considering.
Recommendations for Iron Intake:
As we are unclear of the root cause of anemia in Cambodia, particularly in women of
childbearing age, I would recommend that iron be consumed as whole foods rather than in
supplement form. Lemongrass beef (Char kroeung sach ko?), grilled pork (Bai sach chrouk?),
canned/fresh tuna (note that salt water fish are higher in iron than fresh water) are all sources of
iron that may be accessible in the diet. Fish sauce and soy sauce are sometimes fortified with
iron in Cambodia. If children consume chicken, beef, fish, black beans (canned or grown), and
cooked spinach each day (preferably together) this will help mitigate iron deficiencies.

FOLATE
Folate (B9) is important for the synthesis of new cells (deficiency can lead to macrocytic anemia),
and is critical for DNA synthesis and amino acid metabolism. In addition, folate is important early
in pregnancy (and even before the mother becomes pregnant) to prevent neural tube defects.
Folate is found in lentils, black beans, orange juice, green leafy vegetables, asparagus, radishes,
and fortified foods (grits, pasta, rice, etc). Note that when folic acid is consumed as a
supplement, it is nearly 100% absorbed. Folate content of common foods can be found here and
is also pictured to the right.
Folate deficiency can be common if foods
are not fortified with folic acid (prior to
fortification policies in the US, 30% of the
population was deficient). It does not
appear that fortified foods are common in
the Roteang area and available to the
Children’s Center. Folate deficiency can
develop due to low intake, malabsorption
or compromised utilization, an increased
requirement (pregnancy, lactation), and
certain medications (anticonvulsants).
Deficiencies will manifest as megaloblastic
anemia (large red blood cells) and large,
immature cells throughout the GI tract. This
can decrease nutrient absorption and lead
to persistent diarrhea. Immune function
(white blood cells) may also be
compromised during deficiency.
Recommended intakes:
Infants:
0-6m: 65 mcg/d
7-12m: 80 mcg/d
Children:
1-3y: 150 mcg/d
4-8y: 200 mcg/d
9-13y: 300 mcg/d
Adult women: 400 mcg/d
Adult Men: 400 mcg/d
Pregnancy: 600 mcg/d
Lactation: 500 mcg/d

Source: https://ods.od.nih.gov/factsheets/Folate-HealthProfessional

Folate Deficiency in Cambodia:
Current data is lacking in folate status in Cambodia, but according to a study completed by
Wieringa et al.(2016), folate deficiency (<10 nm/L) is present in 7.9% of children and 17.8% of

women [8]. Such deficiencies are even higher among pre-school aged children, with average
folate deficiencies (<10 nmol/L) existing in 20.2% of the population. This report states “Dietary
intake data from Cambodia showed that recommended daily intakes of iron and folic acid are
not met in infants, children and women of reproductive age”.
Recommendations for Folate Intake:
I recommend that pregnant and lactating women take a folic acid supplement (if available).
Alternatively, some research has shown that a multiple micronutrient supplement is more cost
effective and produces better health outcomes than a folic acid and iron supplement (more
information can be found here). Folic acid supplementation or a prenatal vitamin is common
practice in the US because it is difficult to reach appropriate needs, even when we have
abundant access to foods. The Cambodian Ministry of Health reports to provide iron-folic acid
supplements to pregnant women, however, only 38% of women in Cambodia receive antenatal
care and compliance in taking folic acid and iron supplements is poor [9]. Education surrounding
the importance of folate even after pregnancy may also be advantageous.
If possible, it may be advantageous to purchase rice that is fortified with folate and zinc. The
consumption of rice is high in Cambodia and accounts for over 60% of daily energy intake.
Studies have found that fortification helps improve both folate and zinc status in children [10]. If
fortification is not an option, children and young adults can consume more folate by eating an
orange or papaya every morning (this would provide ~10% estimated needs) and asparagus (3
spears provides 22% estimated needs). Other good sources are beets, water spinach, eggs and
broccoli.
VITAMIN A
Vitamin A plays an important role in embryonic growth and development, as well as vision and
immune function. It is also important for normal function of the skin, lungs, trachea, GI tract, and
cell differentiation. It acts as an antioxidant to prevent free radical damage in tissues.
Vitamin A can be found in animal foods (fortified milk, egg yolks) and in non-animal foods
(squash, sweet potato, tomato, carrots, cantaloupe (Figure 9)). Note that morning glory appears
to be high in vitamin A.
Figure 9: Fruit and Vegetable Sources of vitamin A (left) and animal sources of vitamin A (right)
Source: https://www.alamy.com/different-kinds-of-meat-eggs-and-two-bottles-of-milk-image281303329.html

Vitamin A deficiency is a common, yet preventable cause for night blindness, as well a risk factor
for poor immunity, infectious disease, and mortality. Vitamin A deficiency can result in birth
defects and fetal mortality. Exclusive breastfeeding for the first 6 months of life protects against
vitamin A deficiency in infants, but is ineffective if the mother is vitamin A deficient.
Night blindness can progressively lead to xeropthalmia, which is permeant corneal damage and
is not reversible. Vitamin A deficiency is also associated with anemia. Deficiencies can be caused
by inadequate intakes of the vitamin and inadequate intakes of fat, which helps to absorb the
vitamin in the digestive tract. Vitamin A deficiency can manifest in the skin and eyes as Bitot’s
spots or hyperkeratosis (Figure 10).
Figure 10: Vitamin A deficiency can manifest in the skin and eyes. Bitot’s spots (upper left), xeropthalmia (upper right),
follicular hyperkeratosis (lower images) and dry, scaly skin.
Source: https://www.cmaj.ca/content/189/40/E1264

Daily needs:
Infants:
0-6m: 400 mcg/d
7-12m: 500 mcg/d
Children:
1-3y: 300 mcg/d
4-8y: 400mcg/d
9-13y: 600 mcg/d
Men 14+: 900 mcg/d
Women 14+: 700 mcg/d
Pregnancy:
<18y: 750 mcg/d
>18y: 770 mcg/d
Lactation:
<18y: 1200 mcg/d
>18y: 1300 mcg/d

Source: https://ods.od.nih.gov/factsheets/VitaminA-HealthProfessional

Vitamin A Deficiency in Cambodia
Vitamin A deficiency used to be a major problem in Cambodia—in 2000, there was a 22.3%
prevalence of deficiency among children under 5 years [11]. However, in 2012 a national
household survey was conducted and data was used to determine vitamin A status in 2112
Cambodian women. The prevalence of vitamin A deficiency was less than 1% [8].
Recommendation for Vitamin A Intake:
If children consume high amounts of morning glory (one cup of fried morning glory allegedly
contains 230% of the recommended amount of vitamin A based on 2000 kcal diet), as well as
other vegetables and food sources pictured above, I don’t believe deficiencies should exist. I kept
this as a nutrient of concern because previous research has shown that vitamin A deficiencies
can exist in Cambodia. Note that morning glory also provides adequate vitamin C (~178% of the
daily value based on 2000 kcal diet). If children are thought to experience vitamin A deficiency
(trouble seeing at night, rashes, etc.) give them morning glory or sweet potatoes. Alternatively,
vitamin A eye drops (at doses of 20,000 IU of vitamin A) have been shown to be an effective
form of supplementation [12].

THIAMIN (VITAMIN B1)
Thiamin is important for the metabolism of carbohydrates and branched chain amino acids,
making it important for energy generation. Thiamin is found in fortified rice, enriched breakfast
cereals, pork, ham, tuna fish, eggplant and navy beans.
Severe thiamin deficiency can lead to Beri
Beri (Figure 11), a condition that impairs the
nervous, muscle, gastrointestinal, and
cardiovascular systems. Symptoms include
peripheral neuropathy and weakness,
muscle pain, edema, weight loss, poor
memory and confusion.
Daily Needs:
Infants:
0-6m: 0.2 mg/d
7-12m: 0.3 mg/d
Children:
1-3y: 0.5 mg/d
4-8y: 0.6 mg/d
Males:
9-13y: 0.9 mg/d
14+: 1.2mg/d
Females:
9-13y: 0.9 mg/d
14-18: 1.0 mg/d
19+: 1.1 mg/d
Pregnancy: 1.4mg/d
Lactation: 1.4 mg/d

Source: https://ods.od.nih.gov/factsheets/Thiamin-HealthProfessional

Thiamin Deficiency in Cambodia
Studies have found that thiamin deficiency
exists in Cambodia, with Cambodian mothers
and their children (especially infants <12 mo)
Figure 11: Clinical symptoms of thiamin deficiency
being at the highest risk. Overall,
Source: rehabguide.co.uk
approximately 27% of mothers and 15% of
children were deficient (note that deficiency cutoffs were not consistent among studies and this
information is the most “conservative” cut off) [13]. Deficiencies may be common because nonparboiled (method of cooking) and unfortified white rice are common food staples. Brown rice
that contains the bran includes more thiamin, however, brown rice consumption in Cambodia is
a “dietary taboo”, as people were forced to eat brown rice during the Khmer Rouge regime.

Recommendations for Thiamin Intake
Flour fortification has been a major contributor in decreasing thiamin deficiency in the United
States, however, this practice may not be common in Cambodia. One study in Cambodia has
found that fortifying fish sauce increased thiamin levels in pregnant and lactating women, nonpregnant women, and children aged 1-5y [14]. If this type of fortification is not an option or is
not palatable, adding pork, catfish (at least once a day), and legumes to the diet multiple times a
week will certainly help improve a thiamine deficiency.

RIBOFLAVIN (VITAMIN B2)
Riboflavin (B2) is involved in forming red
blood cells and is important for energy
metabolism. It is also involved in forming
other compounds, including other B
vitamins and antioxidants. Riboflavin is
common in milk products (in the US,
approximately ¼ of our B2 needs come from
milk products). Foods naturally rich in
riboflavin are beef, liver, yogurt, milk, eggs,
as well as green leafy vegetables. Oily fish,
such as trout, herring, mackerel and eel
contain substantial amounts of riboflavin.
Riboflavin deficiency, called ariboflavinosis,
effects the mouth, skin and red blood cells.
Deficiency can result in stomatitis
(inflammation of the mouth), glossitis
Source: https://ods.od.nih.gov/factsheets/Riboflavin-HealthProfessional
(inflammation of the tongue), angular
cheilitis (cracking around corners of mouth),
and seborrheic dermatitis (red, scaly skin) (Figure 12). Riboflavin is not stored in significant
amounts in tissues so it needs to be consumed on a regular basis. Deficiency often occurs in
conjunction with other B vitamin deficiencies so treatment should be thorough and
comprehensive.

Figure 12: Symptoms of riboflavin deficiency. Stomatitis (left), glossitis (middle), and angular cheilitis (right)
https://www.slideshare.net/ganeshgaonkar3/vitamin-b2-83175760
Source: https://www.slideshare.net/ganeshgaonkar3/vitamin-b2-83175760

Daily Needs:
Infants:
0-6m: 0.3 mg/d
7-12m: 0.4 mg/d
Children:
1-3y: 0.5 mg/d
4-8y: 0.6 mg/d
Males:
9-13y: 0.9 mg/d
14+: 1.3mg/d
Females:
9-13y: 0.9 mg/d
14-18: 1.0 mg/d
19+: 1.1 mg/d
Pregnancy: 1.4mg/d
Lactation: 1.6 mg/d
Riboflavin Deficiency in Cambodia
Although studies are limited in addressing riboflavin deficiencies in the Cambodian population,
some have found that it is a common problem. One study that looked at 302 women of
childbearing age in rural and urban areas found that deficiency was present in 89%, 92%, and
70% among women in Phnom Penh, Prey Veng, and Vancouver, respectively [15].
Recommendations for Riboflavin Intake
As dairy products may not be readily available or shelf-stable, consumption of
2-3 eggs each day is advisable, especially if eggs are readily accessible (1 small
egg contains about 15% of the daily riboflavin needs). Recently, Angkor Milk
Company was established outside of Phnom Penh. This company produces
UTH milk, which is shelf stable and does not need to be refrigerated before
opening (Figure 13). Note that the content of riboflavin in this product could
not be determined, but it is also a good source of vitamin A, vitamin D, and
calcium. When purchasing UTH milk, make sure that it is unsweetened as this
could be an unnecessary intake of calories. More information on this
Figure 13: Plain Angkor milk
Source: Angkormilk.com.kh/en
company and product can be found here

ZINC
Zinc has over 300 functions in the human body and is most commonly known to contribute to
growth, cognitive development, wound healing, taste acuity and as an antioxidant and antiinflammatory agent. A wide variety of foods contain zinc. Oysters contain more zinc per serving
than any other food, but red meat and poultry provide the majority of zinc in the American diet.
Other good food sources include beans, nuts, certain types of seafood (such as crab and lobster),
whole grains, fortified breakfast cereals, and dairy
Figure 14: Food sources high in zinc
products (see Figure 14)
Source: quora.com/Which-foods-contain-zinc

Zinc deficiency can manifest as loss of appetite,
delayed growth and sexual maturation,
dermatitis, impaired vitamin A function, alopecia,
decreased taste sensitivity, poor wound healing,
immune dysfunction, severe diarrhea, birth
defects, and increased infant mortality. Marginal
zinc deficiencies most often go undetected
because they do not typically result in specific
physical symptoms. Note that breast milk
provides sufficient zinc (2 mg/day) for the first 4–
6 months of life but does not provide
recommended amounts of zinc for infants aged
7–12 months, who need 3 mg/day.

Daily Needs:
Infants:
0-6m: 2 mg/d
7-12m: 3 mg/d
Children:
1-3y: 3 mg/d
4-8: 5 mg/d
Males:
9-13y: 8 mg/d
13+: 11mg/d
Females:
9-13y: 8 mg/d
14-18: 9 mg/d
19+: 8 mg/d
Pregnancy: 12-11 mg/d
Lactation: 12-13 mg/d
Source: https://ods.od.nih.gov/factsheets/zinc-HealthProfessional

Zinc Deficiency in Cambodia
Zinc deficiency in Cambodia is highly prevalent. Research has found that >60% of the women of
reproductive age and under-five children were zinc deficient (defined by plasma concentrations
<9.9 μmol/L) [6]. Furthermore, 67.5% of preschool children have been found to be zinc deficient,
>80% of the school children had low plasma zinc concentrations (note that “low zinc
concentrations” were not defined in this research), and about 50% of children had severe zinc
deficiency (defined as plasma zinc concentration <7.6 mmol/L) [10]. In 2014, only about 5% of
children aged 0-5 received zinc supplementation [1]. This is especially important because acute
diarrhea is associated with high rates of mortality among children, and that children experience
shorter courses of infectious diarrhea after taking zinc supplements [16].
Recommendations for Zinc Intake
The World Health Organization and UNICEF now recommend short-term zinc supplementation
(20 mg of zinc per day, or 10 mg for infants under 6 months, for 10–14 days) to treat acute
childhood diarrhea. Note that supplements can cause nausea if taken on an empty stomach.
High doses of zinc can also interfere with iron and copper absorption, so it would be best to take
zinc between meals with a snack or as tolerated. Zinc is in many protein foods. If children can
consume beef, pork, or chicken 3-4 times/week, it will help mitigate deficiencies.

CALCIUM
Especially in the growing years of life, calcium is important for bone development and
maintenance. Calcium also assists in blood clotting, transmission of nerve impulses to target cells
and in muscle contraction. Most calcium is found in dairy products, tofu, collard greens, spinach,
mustard greens, and fortified products (orange juice, cereal, etc.). When selecting foods as
sources of calcium, both the amount of calcium per serving and the bioavailability of the calcium
must be considered. For example, calcium in leafy greens (spinach, swiss chard) is often bound
to oxalic acid and is poorly absorbed. Calcium from kale (which has fewer oxalates) is much
better absorbed.
Note that calcium requires vitamin D for proper absorption. Although studies have found that
vitamin D deficiencies exist in Cambodia [17], only 13.4% of children were found to be deficient
and such deficiencies were most likely the result of sun avoidance, increasingly predominant
indoor work, and covered transport. Deficiency appears to be more prominent in adolescent
girls, postmenopausal women, individuals with lactose intolerance and vegetarians. Over the
long term, inadequate calcium intake causes osteopenia which if untreated can lead to
osteoporosis. Calcium deficiency can also cause rickets, although this is more often seen with
vitamin D deficiencies.

Daily needs:
Infants:
0-6m: 200 mg/d
7-12m: 260 mg/d
Children:
1-3y: 700 mg/d
4-8y: 1000 mg/d
Males:
9-18y: 1300 mg/d
19-70: 1000 mg/d
70+: 1200 mg/d
Females:
9-18y: 1300 mg/d
19-50y: 1000 mg/d
50+: 1200 mg/d
Pregnancy:
<18y: 1300 mg/d
19+: 1000 mg/d
Lactation:
<18y: 1300 mg/d
19+: 1000 mg/d

Source: https://ods.od.nih.gov/factsheets/calcium-HealthProfessional

Deficiency in Cambodia:
Calcium deficiency in Cambodia is not well researched. However, based on the Global Nutrition
Report (Figure 15), calcium intake in Cambodia is significantly below the recommended intake.
This could be due to low dairy consumption, which is also evident in Figure 15.

Figure 15: Consumption of food groups and components
Source: Global Nutrition Report, 2020

Recommendations for Calcium Intake:
Consumption of calcium rich food products such as milk, small fish, etc. should be promoted and
increased. Catfish only contain about 4% of the daily value of calcium. If its common practice to
eat the bones of fish, this is a good source of calcium. Shelf-stable milk can be purchased as
discussed above. In addition, make sure children spend at least 20 minutes in the sun each day.
This will provide vitamin D, which will help mitigate calcium deficiencies.

IODINE
Iodine is an essential component of
thyroid hormones thyroxine (T4) and
triiodothyronine (T3) and therefore
plays a critical role in maintaining and
regulating normal metabolism and
developmental functions, including
brain and nervous system
development and overall growth. The
most common source of iodine is in
iodized salt. Other sources include
eggs, haddock, dairy products, and
seaweed.
Iodine deficiencies lead to goiter, a
condition where the thyroid gland is
enlarged. This can cause pressure on
the trachea and esophagus and impair
their function. Deficiency is of
particular concern during pregnancy
because it can lead to congenital
Source: https://ods.od.nih.gov/factsheets/iodine-HealthProfessional
abnormalities, low birth weight,
neurological disorders, impaired mental function, poor physical development and death. The
restriction of brain development and growth from iodine deficiency is called cretinism.

Figure 16: Symptoms of iodine deficiency; Goiter (left); cretinism (right)
Source: thyroidsurgery.com/thyroid-cancer/thyroid-nodular-goiter-101-water-to-know-if-you-have-one

Recommended Needs:
Infants:
0-6m: 110 mcg/d
7-12m: 130 mcg/d
Children:
1-3y: 90 mcg/d
4-8y: 90 mcg/d
Males:
9-13y: 120 mcg/d
14+: 150 mcg/d
Females:
9-13y: 120 mcg/d
14+: 150 mcg/d
Pregnancy: 220 mcg/d
Lactation: 290 mcg/d
Iodine Deficiency in Cambodia
Iodine deficiency disorders have been recognized as a public health concern in Cambodia.
Roughly 85% of the salt consumed is produced in Cambodia (indicating few imports) [18].
Despite government efforts to implement iodine fortification in salt, iodization is still low due to
the existence of many small to medium-scale salt producers and the lack of mandatory
legislation in place. After a law was put in place in the 2000’s, only about 13% of households
consumed iodized salt because many salt producers failed to abide by regulations. Packaging
that states “iodine included” may be misleading or incorrect. As of 2016, more than 60% of
mothers and children were reported to have deficiencies [19]. It was found that iodine status
was significantly lower among mothers and children living in rural areas, belonging to the
poorest socioeconomic category, or living in a household not using iodized salt.

Recommendations for Iodine Intake:
The World Health Organization, UNICEF and the International
Council for Control of Iodine Deficiency Disorders have
recommended that iodized salt should provide 150 μg of iodine
per person per day. When at the market, look for a logo as seen
in Figure 17. This logo has been verified by UNICEF. More on
UNICEF’s efforts to promote iodization can be found here. Fish
sauce and soy sauce are both commonly used condiments that
Figure 17: Logo indicating iodized
contain salt that may or may not be fortified. Information on
salt (verified by United Nations)
trustworthy companies/brands for condiments could not be
found. Aside from iodized salt, iodine can be obtained through other foods in the diet. One small
egg every day will provide 15% of the recommended intake of iodine.

III.

SUMMARY

Although research specific to the village of Roteang is limited, a considerable amount of
research describing micronutrient deficiencies exists for Cambodia as a country. These
deficiencies are likely to be present in Roteang, especially due to its close proximity to
Phnom Penh (which is accounted for in most studies). In my opinion, the major nutrients of
concern are iodine (if not using iodine fortified salt), folic acid (especially in pregnant
women), calcium and riboflavin because food sources in these nutrients are either lacking in
availability or obtaining adequate amounts could prove challenging. Final recommendations
are listed below.

FINAL RECOMMENDATIONS
Fruits and Vegetables
• Include as many different colors of fruits and vegetables as possible. Different colors in
foods represent different nutrients and phytonutrients. Having a diverse range will help
meet vitamin and mineral needs and prevent deficiencies.
• Bok Choy, kale, broccoli, okra, collard greens, soy beans: Please try to include some of
these vegetables at every meal, especially in children who refuse milk. They are relatively
high in calcium. Aim for 2-3 cups of these vegetables. If 2-3 cups cannot be achieved, try
to encourage kids to consume as much as they can. Two to three cups will provide close
to 50% of the children’s calcium needs.
Meat and Protein
• Include at least one serving (3 oz) of pork, one serving of chicken and one serving of
beef/duck each week. All of these foods contain iron (especially beef and duck). Pork also
contains higher amounts of thiamin (which is thought to be a deficiency in Cambodia).
Salt water fish, such as mackerel (in Cambodia, I believe this is called Phatu) and tuna
contain iron as well and can be substituted for chicken.
o If these protein recommendations are too expensive, I would prioritize eating
beef/duck at least once a week, as this is the greatest source of iron. If the
children have fish, eggs, and beef throughout the week, this should provide
sufficient protein (0.8 grams protein/kg body weight).
o I am not sure if this has already been done, but it may be worthwhile to consider
drawing a CBC panel (namely hemoglobin, hematocrit, MCV, RDW) or a test to
detect thalassemia if this is not too invasive. This would allow us to better
understand the nature of their anemia and could further influence nutrition
recommendations.
• Continue to eat fish and shrimp as many times as they like (fish at least 2-3 times per
week). Catfish is a great source of thiamin. Salt water fish is encouraged to try to diversify
their diet, but fresh water fish is fine. Continue to eat the bones of the fish, as this will
provide an additional source of calcium.

•

Please have children eat at least one egg every day. Older children (over 9 yrs) should
have two. This will help meet their riboflavin needs (as well as many other nutrients!).

Dairy
• Diary is encouraged (~1-2 cups a day would be ideal). I would recommend purchasing
non-sugar dairy and offer it to children. If they will only accept it with 1 tsp of sugar, that
is ok. If they will not accept milk at all, continue to offer and expose them to the option.
Increased exposure has been associated with acceptance of unfamiliar foods in the past
(example: https://www.nature.com/articles/1601541). Milk will help meet calcium,
vitamin D, and riboflavin needs. NOTE: if children are not accustomed to drinking milk,
they may get an upset stomach because they lack the necessary digestive enzymes. Start
slow (1 sip the first day, 2-3 sips the second day, etc.) to prevent digestive discomfort.
Iodine
• Continue to use iodine fortified salt to prevent goiter and other iodine deficiency
complications.
Folate
• If possible, I would recommend a prenatal vitamin (which contains ~600- 800 mcg folic
acid) to pregnant women. Adequate folate is difficult to consume from only foods
sources, especially during pregnancy. Deficiencies can lead to neural tube complications.
• Children and young adults can consume more folate by eating an orange or papaya every
morning (this would provide ~10% estimated needs) and asparagus (3 spears provides
22% estimated needs). Other good sources are beets, water spinach, eggs and broccoli.
Fortified cereals and grains are a good (and highly bioavailable) source of folate if we
want to introduce these foods to children.
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