Mount Saint Vincent University

Department of Applied Human Nutrition

A mixed-methods exploration of peripartum food taboos and food additions

in rural Cambodia

by

Jocelyne Labonté, RD

A thesis submitted in partial fulfilment of the requirements for the degree of

Master of Science in Applied Human Nutrition

August 25, 2022

Halifax, Nova Scotia

© Jocelyne Labonté



Mount Saint Vincent University

Department of Applied Human Nutrition

An exploration of peripartum food taboos and food additions in rural Cambodia

by
Jocelyne Labonté, RD

Approved:

Kyly C. Whitfield, PhD
Thesis Supervisor

Associate Professor, Department of Applied Human Nutrition, Mount Saint Vincent University

Crystal Karakochuk, PhD, RD
Assistant Professor, Faculty of Land and Food Systems, University of British Columbia

Bohdan Luhovyy, PhD

Associate Professor, Department of Applied Human Nutrition, Mount Saint Vincent University



Abstract

Background: Food taboos are culturally driven food avoidances that go beyond personal taste or
preference. These avoidances are particularly prevalent throughout pregnancy and lactation. In
Southeast Asia, common peripartum food taboos include seafood, meats, and various vegetables.
Such avoidances could negatively impact the health of women and children if foods of similar
nutritional value do not replace avoided foods. There is a paucity of information on dietary
modifications during pregnancy and lactation in Cambodia.

Objectives: To describe food avoidances and food additions throughout pregnancy and lactation
in Kampong Thom, Cambodia and to provide women'’s rationale for these dietary changes. Also,
to determine whether these modifications align with the Cambodian government’s peripartum
dietary recommendations, and to identify predictors of these food avoidances and additions.

Methods: This study was a mixed-methods secondary analysis of data collected in the Trial of
Thiamine Supplementation in Cambodia between September 2018 and May 2019. As part of the
larger study, 335 women were asked open-ended questions to capture dietary modifications
during pregnancy and at two, 12, and 24 weeks postpartum. Descriptive statistics and content
analysis were used to characterize peripartum foods taboos and food additions, and multiple
logistic regression analyses were conducted to identify potential sociodemographic and health
predictors of maternal dietary modifications.

Results: Sixty-six percent of women avoided at least one type of food or beverage during the
first two weeks postpartum, while fewer than one in five women avoided foods during other
peripartum periods. Postpartum avoidances typically opposed dietary recommendations, as
common avoidances included fish without scales, raw vegetables, chicken, and beef. Pregnancy
avoidances often aligned with dietary recommendations, with items such as energy drinks,
coffee, and alcohol being avoided. Food additions were more common than food avoidances,
with 32-45% of women adding at least one food or beverage to their diets during the peripartum
period. Additions tended to include nutritious foods like meat- and fish-based soups, soymilk,
and milk. Maternal dietary modifications were chiefly practiced to support the health of women
and children. No predictors of food avoidances or additions were identified during pregnancy.
The only predictor for postpartum dietary modifications was parity: for each additional birth, the
odds of women following food taboos were reduced by 24% (OR [95% CI]: 0.76 [0.61-0.95]),
while the odds of adding foods were reduced by 20% (0.80 [0.64-0.99]).

Conclusion: Food taboos were practiced throughout pregnancy and postpartum, yet they were
limited in duration and severity. Peripartum food taboos observed in this exploratory study do
not appear to present a substantial risk to the health of most women and children in Kampong
Thom, however health professionals should continue to address maternal dietary practices during
antenatal visits. Findings from this study can inform person-centered health programs that target
the common practices and concerns of pregnant and lactating women in Cambodia.
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1.0 Introduction

Food taboos are avoidances that go beyond personal taste or preference (1). They are culturally
dependent, finding root in religion, spirituality, magical beliefs, or utilitarian motives (1). Such
avoidances are particularly prevalent throughout pregnancy and lactation, often driven by the
fear of causing harm to the mother or infant (2). While some food avoidances are desirable
throughout pregnancy (e.g., elimination of sushi or brie, which pose a high risk of bacterial
contamination), others may have unintended consequences. A 2019 systematic review
highlighted that seafood is a prominent food taboo during pregnancy throughout Southeast Asia;
yet elimination means that women would omit rich sources of protein, fats, and other nutrients
necessary for fetal development (2). This risk of nutritional inadequacy warrants the exploration

of food taboos that are present in various countries.

The breadth and impact of food taboos in Cambodia have not been thoroughly explored. Foods
believed to be restricted throughout pregnancy include coconut milk, porridge (3), certain
varieties of rice (4), and spicy foods (5). Postpartum restrictions include certain species of fish,
chek nuon (type of banana), prahok (fermented fish paste) (5), pineapple, and buffalo meat (6).
The prevalence of food taboos in Cambodia is unknown, as are the sociodemographic
characteristics of women who tend to follow these taboos. It is also unclear whether avoided
foods are intentionally replaced by other foods in the maternal diet, potentially counterbalancing
the nutritional impact of food taboos. The purpose of this study will be to explore the food taboos

and food additions of pregnant and lactating women in Cambodia.



2.0 Literature Review

2.1 Cambodia

The Kingdom of Cambodia is a Southeast Asian country situated between Laos, Vietnam,
Thailand, and the Gulf of Thailand (7). The landscape is dominated by plains, the Mekong and
Tonlé Sap rivers, and the great Tonlé Sap lake (see Figure 2-1) (7). While the population lives
predominantly in rural settings, urbanization is rising; in 2019-20, 39% of the population lived in
an urban area, compared to 22% in 2014 (8). Phnom Penh, the capital city of Cambodia, is the
country’s only metropolis (7). Cambodia’s population has also been increasing, with an average
annual population growth rate of 1.5% for the past 20 years (8). In 2019, the census recorded

15.5 million citizens (9).
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Figure 2-1. Map of Cambodia, public domain.




Cambodia’s populace is largely homogenous: 95% of individuals are of Khmer ethnicity (8) and
93% are Theravada Buddhists (7). This population has retained a strong national identity despite
its tumultuous recent history (7). Cambodia gained independence from France in 1953. Soon
thereafter, the Vietham War erupted, leading to heightened political tensions in neighbouring
Cambodia; in 1970, a civil war broke out (7,10). In 1975, the communist guerilla group Khmer
Rouge gained control of Cambodia. Citizens were forcibly marched out of urban areas, unpaid
labour became compulsory, religion was banned, and many educated citizens were executed as
perceived threats to the new government (7,10-12). The Khmer Rouge is responsible for the
death of about 20% of the population during their four-year rule between 1975 and 1979 (7,10—
12). The trauma inflicted by the Khmer Rouge persists in Cambodia; much of the country’s

poverty is attributed to the destruction of that regime (12).

Cambodia is classified by the World Bank as a lower-middle income country, transitioning from
low-income status in 2015 (13). The Cambodian government is vying to gain classification as an
upper-middle income country by 2030. Expansions in tourism, manufacturing exports, and
construction have made Cambodia one of the fastest-growing economies in the world (13).
Despite these national economic advancements, Cambodia’s population is largely considered
low income (8): 18% of individuals live below the national poverty line (14), and approximately
one-quarter are vulnerable to falling into poverty (8). The government of Cambodia has
identified a need to improve its national social protection system (15,16). The current system has
multiple gaps related to pregnancy, childhood, and health, and is limited in its reach (15). A
patchwork of pilot projects, funded and managed by the government and its development

partners, can be found across Cambodia (13,15,16). The government aims to integrate these



projects into one cohesive system to reduce and prevent poverty, vulnerability, and inequality in

Cambodia (15).

2.2 Diet in Cambodia

The Cambodian diet is shaped by the country’s landscape. The central plains region of Cambodia
is favourable for rice production, as the annual flooding of the Mekong River nourishes the soils
and provides natural irrigation for cultivation (7). Polished rice is the principal food produced
and consumed in Cambodia; it accounts for 55% of the country’s agricultural production (8) and
IS eaten at least twice daily by most individuals (mean intake of 712 g/day for women and 1,022
g/men) (17). Fish is the second-largest dietary staple in Cambodia, owing to the vast rivers and
the Tonlé Sap, one of the Earth’s richest sources of freshwater fish (7). National surveys have
recorded mean daily fish intakes between 75 g (17) and 173 g (18) per person. Fresh, dried,
smoked, and salted forms of perch, carp, lungfish, and smelt are consumed in a typical
Cambodian diet (8). Overall, fish contribute to approximately 12% of the daily caloric intake
(18), while rice accounts for upwards of 60% (18,19). Meats, poultry, vegetables, and fruit are
also added to the diet, with tubers, nuts, seeds, and legumes being consumed in smaller amounts
(8,17). The profile of the typical Cambodian diet remains relatively stable throughout the year,
despite the seasonal weather fluctuations (17), with wet season from June to October, dry season
from November to May (20). In et al. (2015) observed a significant increase in the consumption
of rice, vegetables, starchy roots/tuber, condiments, and spices during the wet season, but
concluded that “overall, food consumption of the Cambodian population was quite similar during

the wet and dry seasons” (17).



Geographic location appears to be an influential factor for dietary patterns. The study by In et al.
mentioned above suggests a higher intake of fruit and meat in urban Phnom Penh as compared to
rural regions of Cambodia (17). In the southern coast region, a higher consumption of fish paired
with a lower consumption of fruit and vegetables was observed, while along the Mekong river,
rice intakes were higher (17). Education, income, and accessibility of food items are potential
contributors to these regional differences (17), along with the level of rurality. Cambodia’s
Socio-Economic Survey of 2019-20 suggests that the consumption of most foods is similar
between rural and urban households (8), but this finding is not corroborated by all studies. For
instance, a 2019 study of children aged six to 17 years found that rural children consumed less
fat, protein, and iron, and more carbohydrates, than urban children (e.g., mean (standard
deviation, SD) fat consumption of 25.8 (0.4) g/day in rural children vs. 32.3 (0.8) g/day in urban
children, p<0.01) (21). Additionally, the 2014 Cambodia Demographic and Health Survey
(CDHS) indicates that children aged six to 23 months living in urban settings were more likely to
be fed according to recommended infant and young child feeding practices than those living in
rural areas (49% vs. 28%, respectively) (22). Differences in food security may mediate the
observed variations in eating patterns as Cambodian households in rural regions, and those with

a low income, are at higher risk of food insecurity (23).

2.2.1 Food security

The Food and Agriculture Organization (FAQO) of the United Nations (UN) describes food
security using four dimensions: food availability, access, utilization, and stability (24). Issues
within each of these dimensions have been identified in Cambodia. Over 85% of households

engage in subsistence farming; therefore, factors that constrain capacity to grow crops, raise



livestock, or fish can severely impact the availability of food (23). Such factors include low crop
yields, dependency on adequate rainfall, high livestock mortality rates, and high production costs
(25). Seasonality also affects food availability, particularly for Cambodians who reside far from
the coast or rivers (26). Fish is more readily available during the wet season as flooding brings
fish into the rice paddies, thereby facilitating the harvesting of this food source (26). Food access
is primarily constrained by households' insufficient and irregular income (5,27) paired with
increasing food prices (25). One in five Cambodians cannot afford a nutritionally adequate diet
as much of the nutrient-rich foods that diversify the diet are purchased from the market (23).
Limited access to cooking fuels has been noted as a barrier to food use, challenging food
utilization (28). Other important factors related to this dimension include inadequate access to
sanitation and suboptimal hygiene practices in rural regions (25). Finally, food stability is
threatened in Cambodia through stresses to the ecological system. Episodes of drought and
flooding have become more prevalent in Cambodia, threatening agricultural activity throughout
the country (25). Additionally, fish stocks are reportedly declining due to overfishing,
environmental degradation (7), and the construction of large dams throughout the Mekong River

(18,29,30). These threats present a growing challenge to food security in Cambodia.

A recent qualitative study explored the experiences of food insecurity within low-income urban
populations in Phnom Penh and Prey Veng (southern Cambodia) (31). Participants (n=80)
revealed that food security was one of their biggest challenges and that this burden often fell on
the women in households. Food acquisition was the highest household cost and required
substantial expenditures of time and labour. Participants described a constant variability in food

intake based on the family’s income and circumstances for that day; they outlined three sample



menus to represent the types of foods consumed within their household based on daily access
and availability. On good days, participants consumed three meals composed of rice, various
vegetables, and protein foods (e.g., eggs, fish, chicken, pork, beef). These meals occasionally
included fresh local fruit. On days where there were constraints to food access or availability, the
quality of the diet declined. Participants generally consumed two rice meals and a sour soup
made of vegetables and fish; fruit intake was rare on these days. The worst days were described
as “hungry days”, where food quality and quantity were inadequate. One or two meals of low-
quality rice would be consumed with either prahok (preserved, fermented fish paste) or a
watered-down sour soup containing small amounts of vegetables and fish (31). These perpetual

fluctuations in food intake put populations at risk of malnutrition.

2.3 Malnutrition

The World Health Organization (WHO) uses malnutrition as an umbrella term to capture
deficiencies, excesses, or imbalances related to energy or nutrient intake (32). Undernutrition has
historically been the central concern in low- and middle-income countries (LMICs), as it affected
large portions of their populations and had severe, observable health consequences. For example,
undernutrition is estimated to contribute to 45% of child deaths globally (33). Undernutrition is
commonly monitored using anthropometric indicators such as wasting (low weight-for-height),
stunting (low height-for-age), and underweight (low weight-for-age) (32). These indicators are
generally applied to children, as child growth is universally recognized as an important proxy
measure of a population’s nutritional and health status (34,35). Micronutrient deficiencies and
insufficient energy intake (undernourishment) are other typical measures of undernutrition (36).

Over the past two decades, overnutrition (e.g., overweight and obesity) has increasingly become



a concern in many LMICs (33,37). As a result, the double burden of malnutrition—the
experience of both undernutrition and overnutrition within the same population or individuals—

IS present in many countries (38).

2.3.1 Malnutrition in Cambodia

Since 2000, Cambodia has seen significant improvements in the prevalence of stunting and
underweight in children under five (39), yet levels of both conditions remain concerningly high.
The 2014 CDHS reported stunting among 32% of children under five (22), with a lower risk of
stunting in urban than rural children (odds ratio, OR [95% confidence interval, ClI]: 0.59 [0.49-
0.72]), and in children within the highest wealth quintile as compared to the lowest quintile (0.37
[0.29-0.48]) (39). One in four children were underweight, with rural and poor children again
more commonly affected (39). Underweight was also reported within the adult female
population, with 14% having a body mass index (BMI) <18.5 kg/m? (22). No improvements
were seen in the prevalence of wasting in children between the 2000 and 2014 CDHS (39).
Wasting remains a “medium level” concern per the WHO classification (39), as 10% of the
under-five population is affected by this condition (22). Wasting was more than two times as
prevalent among children of underweight mothers, as compared to normal weight or overweight
mothers (22). The prevalence of overweight or obesity in children has remained relatively stable
(<10%) (39), while it has been increasing among women of reproductive age (18% of the

population) (22).

Anemia (measured as hemoglobin level <110 g/L in children and pregnant women, and

hemoglobin <120 g/L in non-pregnant women) is a severe public health concern in Cambodia



across all age groups: 53% of children under five and 44% of women of reproductive age are
anemic (22). There have been no significant improvements in the prevalence of anemia since the
early 2000s (39). Anemia is known to increase the risk of maternal and child mortality (33,40). A
meta-analysis by Black et al. demonstrated that in LMICs, an increase of 10 g/L in maternal
hemoglobin in late pregnancy lowers the odds of maternal mortality by 29% (0.71 [0.60-0.85])
(33). Iron deficiency is the leading cause of anemia worldwide (41), and iron intake in Cambodia
is relatively low (5,18,42). However, iron deficiency, along with deficiencies of vitamin A and
vitamin B12—all essential nutrients for hemoglobin formation—are uncommon (22,39),
suggesting that anemia in Cambodia may not be primarily of nutritional origin (41).
Hemoglobinopathies (42) and hookworm infections (41) have been proposed as important causes

of anemia. Micronutrient deficiencies in Cambodia will be described in more detail below.

Another form of malnutrition common in Cambodia is undernourishment. In the 2009 Cambodia
Socio-Economic Survey (n = 12,000 households), one-third of the population was classified as
undernourished because they did not meet the nationally determined minimum dietary energy
requirement (MDER) of 1,770 calories per day (36). A smaller survey (n=1,200 households)
conducted in 2011-12 found that only 25% of Cambodian households consumed the
recommended daily calories (18). This study also used a nationally representative sample but did
not provide an MDER reference (18). Another 2011 study focused on rural women (n=67),
finding that only 17% of participants had a sufficient daily caloric intake (5). This study reported
using an estimated average requirement (EAR) range for energy of 2,100-2,350 kcals/day
(variation dependant on woman’s age), but did not cite the source of this EAR (5). Overall, these

data indicate persistent barriers to acquiring adequate quantities of food for large segments of the



population. It has been noted that the highest prevalence of food deprivation in Cambodia is

present among women and those with the lowest levels of income (17).

2.3.2 Causes of malnutrition

The causes of malnutrition in Cambodia are multifaceted and complex. Insufficient food intake
and disease are recognized globally as the immediate causes of malnutrition (43). As indicated
above, many Cambodians do not consume a sufficient quantity or quality of food as a result of
food insecurity (44,45) and poverty (23,44). An increased risk of disease is also present among
the population, as one in five Cambodians does not have access to safely managed drinking
water, and one in three does not have access to adequate sanitation facilities (13). As a result,
parasitic diseases (e.g., hookworms) and other ailments that could lead to malnutrition are
prevalent among the population (44). For instance, a 2017 study conducted among school-aged
children in Battambang province (northwestern Cambodia) found parasites in the stool samples

of half of all participants (n=155 of 308) (46)

Inadequate dietary diversity has also been advanced as an influential factor for malnutrition in
Cambodia (39,47,48). Polished rice is relatively poor in micronutrients (e.g., thiamine, minerals)
and fats, yet it comprises the majority of an individual’s daily food intake (18,23). Families have
limited access to varied foods as crop diversification among household farms is low, and the cost
of acquiring such foods at the market is high (23). A 2017 analysis by the World Food
Programme (WFP) indicated that women’s dietary diversity is particularly low, which can affect
the health of both women and their children during pregnancy and lactation (23). The WFP

report highlighted green leafy vegetables, pulses, offal, blood, and fish as inexpensive and
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available foods that could be added to the diet to increase its nutritional quality (23). However,
some of these foods (i.e., pulses, offal, blood) do not align with a traditional Cambodian diet.
Other foods (leafy greens, fish) are already incorporated into the diet whenever available to

households.

A further factor associated with women’s malnutrition is inequitable household food allocation,
as influenced by the norms set in the Chbab srei, the traditional Khmer code of conduct for
women (49). One of its principles focuses on dietary standards, stating that women should only
begin eating a meal after the men in the household have been served (27). It is also customary for
men to receive the highest quantity and quality of food in a meal (44,48). Additionally, women
have been noted to preferentially feed their children over themselves in instances of food
shortages (45). This practice was reflected in a 2019 qualitative study where focus group
participants were asked to describe coping strategies used when faced with inadequate food
resources (50). Participants described four different levels of strategies based on the severity of
the situation. In the “somewhat severe” category (level two of four) was the strategy to “reduce
the amount of food eaten by the wife in order for small children to eat” (50), demonstrating that
women often sacrifice their own intakes in situations of household food scarcity. These cultural
practices are of interest as inadequate maternal diet during pregnancy and lactation has been

identified as an important contributor to malnutrition in children (23,51).

Barriers to maternal nutrition can also be related to a woman’s participation in the workforce. In
Cambodia, 81% of women of reproductive age are employed (8). The country’s maternity leave

entitles women to a 90-day leave with >50% of their pay (52). Reductions in income can limit a
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woman’s financial access to foods during this critical period of her lifecycle. Additionally, the
return to work three months postpartum makes it very challenging for women to follow the

WHO recommendations of exclusive breastfeeding for the first six months of a child’s life (53).

2.4 Dietary recommendations

Dietary recommendations are needed to guide individuals and populations towards nutritional
intakes that minimize the incidence of malnutrition in all its forms and reduce the risk of
noncommunicable diseases (e.g., cardiovascular disease). Countries or regions often develop
their own dietary recommendations to ensure that they are tailored to their population's
nutritional and health needs (54). This approach enables dietary recommendations to be
constructed around characteristics like a region’s dietary customs, food availability, and cultural
context (55). Population-level dietary recommendations take two forms: food-based dietary

guidelines and nutrient-based recommendations (e.g., dietary reference intakes, DRIS).

2.4.1 Food-based dietary guidelines

Food-based dietary guidelines aim to provide practical guidance to healthy populations on foods
that should be prioritized or minimized in the diet (54). They translate the technical components
of nutritional science (e.g., human nutrient needs, food composition) to general food-based
recommendations for the population of interest (56). This focus on foods rather than nutrients
enables individuals with minimal nutrition knowledge to use these guidelines. Food-based
dietary guidelines are also often represented pictorially through food guides (54), making them

accessible to segments of the population with low literacy levels. Many food-based guidelines
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provide recommendations for specific subpopulations such as children and pregnant and

lactating women (54).

2.4.2 Nutrient-based recommendations

Nutrient-based recommendations aim to provide quantitative estimates of the requirements for

nutrients within healthy populations (57). These estimates are specific to a population’s sex and

lifecycle stage (56). Terminology used for nutrient-based recommendations varies by country.

Canada and the United States jointly developed the DRIs, which include six different reference

standards, described in Table 2-1 (57,58).

Table 2-1. Description of dietary reference intakes (57,58).

Reference Description

EAR

RDA

Al

UL

AMDR

EER

Estimated Average Requirement: Usual daily intake estimated to meet the
requirements of 50% of healthy individuals.

Recommended Dietary Allowance: Usual daily intake expected to meet the
requirements of 97-98% of healthy individuals. The RDA is statistically derived
as 2 SD above the EAR.

Adequate Intake: Average daily intake of an apparently healthy population. The
Al is used when there is insufficient evidence to determine an EAR.

Tolerable Upper Intake Level: Highest usual daily intake that is unlikely to pose a
risk of adverse health effects for nearly all healthy individuals.

Acceptable Macronutrient Distribution Range: Usual intake that has been
associated with a lower risk of noncommunicable disease and that provides an
adequate intake of essential nutrients.

Estimated Energy Requirement: Level of energy intake that is estimated to
maintain energy balance. This calculation is based on weight, height,
physiological state, and energy expenditure.
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The RDA is referred to as the recommended nutrient intake (RNI) in various international
settings; this is the term used by the WHO and FAO (59). Values for RDAS/RNISs vary slightly
between countries or regions (60). These variations reflect differences in usual diet patterns,
bioavailability of nutrients within the typical diet (e.g., intake of antinutrients), ethnicity,
lifestyle, prevalence of disease, and the average body weight of a country’s citizens (since
requirements for many nutrients are based on a reference body weight) (61). Differences in a
country’s climate and geographic location will also affect nutrient needs (61) (e.g., sunlight
exposure and latitude affect dietary requirements for vitamin D (62), while altitude can affect
iron requirements (63)). Substantial scientific judgment is needed to develop the best-suited

recommendations to support the health of a population.

2.5 Nutrition during pregnancy and lactation

Pregnancy and lactation are periods of the lifecycle in which nutritional requirements are
particularly high, placing women at increased risk of malnutrition (64). Insufficient intake of
energy, macronutrients, or micronutrients can result in severe and permanent health outcomes for
both mother and child. Women who are malnourished during pregnancy are at a higher risk of
mortality (65,67) and fetal loss (51,65), and more likely to have a newborn with a low birth
weight (LBW; < 25009) (35,48,65,67). LBW has been associated with multiple adverse
outcomes in children, including higher risks of stunting, wasting, underweight (68,69), impaired
cognitive and motor development (65,67,70,71), metabolic disease (65), and mortality
(35,65,67). A review of 19 longitudinal birth cohorts in LMICs found LBW to be associated with

2.5-3.5 higher odds of wasting, stunting, and underweight in children under five (69).
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Maternal nutrition remains important during lactation: insufficient dietary intake can adversely
affect the concentrations of multiple micronutrients in breastmilk essential to infant development
and maternal health (51,72). For instance, the concentration of thiamine, riboflavin, iodine, and
vitamins A, B6, and B12 in breastmilk are directly affected by maternal intake or stores of these
micronutrients (73). If dietary intake is inadequate, mothers and their infants can become
depleted of essential micronutrients (74), again resulting in potentially lifelong adverse outcomes
(e.g., vitamin B12 deficiency and irreversible impaired cognitive development). The increased
nutrition needs during pregnancy and lactation are represented in many population-level nutrition

guidelines.

2.5.1 Dietary recommendations in Cambodia

Peripartum nutrition guidelines from the Cambodian government follow a food-based approach.
There is no Cambodian food guide for adults, but dietary recommendations are shared with
women through healthcare professionals at local health centers. The Minimum Package of
Activities Curricula for Health Centres—Module 10 Nutrition (also referred to as MPA Module
10) is used as a training tool for health center staff (75). The MPA Module 10 was first
developed in 1998; the latest revision was released in 2009. This tool aims to strengthen the
nutritional knowledge of healthcare professionals and improve the provision of nutrition-based
interventions for women and children. It directs staff to provide specific nutrition messages to
women during their peripartum visits (details below) (75). In 2019, the Ministry of Health
released the Guideline for Implementation of the Service Package of Antenatal Care, Delivery,

and Postnatal Care, a further guide for health center staff working in maternal and child health
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(76). Nutrition-related messages reiterate those included in the MPA Module 10, and provide

additional guidance related to food groups that women should include in their diet (76).

During pregnancy and lactation, women in Cambodia are counseled by healthcare professionals
to have four meals daily consisting of foods from three food groups: “body-building foods” (e.g.,
fish, eggs, liver, meat, tofu, soy milk), “energy foods” (e.g., rice, noodles, maize, yam, taro), and
“protective foods” (e.g., green leafy vegetables such as morning glory, and yellow/orange fruits
and vegetables like sweet potato and mango) (76). Women are encouraged to avoid sugary and
packaged foods, and recommended to use iodized salt (75,76). Fortification of salt with iodine is
mandatory in Cambodia, yet use of iodized salt is far from universal: the 2014 CDHS found 82%
of urban households had iodized salt, while this occurred in only 67% of rural households (22).
The low use of iodized salt may be explained by the inadequate provision of iodine premix by
international organizations to the salt industry, and insufficient government enforcement of salt

fortification (77).

In addition to dietary modifications, women are advised to consume daily iron/folic acid tablets
containing 60 mg iron and 400 pg folic acid (75,76). These tablets are taken for 90 days during
pregnancy (starting at first antenatal visit) and for 42 days postpartum. Iron and folic acid
supplements are provided to women during their peripartum visits at local health centers (75,76).
Nearly 94% of women in Cambodia take iron/folic acid tablets during pregnancy, with 76% of
women taking the full regimen of 90 tablets (22). Adherence to iron supplementation treatments

during pregnancy in LMICs benefits both maternal and infant health: daily supplementation (as
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compared to no supplementation) has been associated with a 47% (0.53 [0.35-0.57]) reduction in

the risk of anemia in women and a 12% (0.88 [0.01-0.22]) reduction in the risk of LBW (78).

Cambodia has not established DRIs for its general population, although, in 2017, a set of RDAs
for school-aged children in Cambodia was developed (79). The most relevant micronutrient
recommendations for pregnant and lactating women are the Southeast Asian RDAs (SEA-RDA)
(60). These recommendations highlight the importance of increasing maternal nutritional intake
during pregnancy and lactation. Of the 12 essential vitamins and minerals included in the SEA-
RDAs, higher requirements are noted for 11 nutrients. The only nutrient that does not need to be
increased during pregnancy and lactation, according to the SEA-RDA, is vitamin D; this may be
related to changes in vitamin D metabolism during this period (80). The SEA-RDAs also
recommend an increase in daily caloric and protein intake (see Table 2-2) (60). Other relevant
macronutrient recommendations can be obtained from the WHO’s AMDR. These indicate that
the general population should aim to consume 10-15% of energy intake from protein, 15-30%
from fat, and 55-75% from carbohydrates (81). For women of reproductive age, a minimum fat
intake of 20% of daily calories should be targeted (81). The WHO does not specifically provide
an AMDR for pregnant and lactating women, but the joint Canadian-American DRIs indicate

that macronutrient reference ranges remain unchanged during this period of the lifecycle (82).
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Table 2-2. SEA-RDAs for women of reproductive age. Adapted from (60).

Recommended Dietary Allowance

Preconception? Pregnancy Lactation
Nutrient Trimester 1~ Trimester 2  Trimester 3 Month 1-6  Month 7-12
Calcium (mg/day) 700 1,000 1,000 1,000 1,000 1,000
LZZ%T%%% 39.2 89.2+ 392+ o 392+ 544 20.0
bioavailability) supplement supplement supplement
Zinc (mg/day,
assuming ‘moderate’ 4.4 55 7.0 10.0 9.5P, 8.8¢ 7.2
bioavailability)
lodine (ug/day) 150 200 200 200 200 200
Selenium (mg/day) 26 26 28 30 35 42
Vitamin A (pg/day) 500 800 800 800 850 850
Vitamin C (mg/day) 70 80 80 80 95 95
Vitamin D (pg/day) 5 5 5 5 5 5
Thiamine (mg/day) 1.1 14 14 1.4 15 15
Riboflavin (mg/day) 1.1 14 14 1.4 1.6 1.6
Niacin (mg/day) 14 18 18 18 17 17
Folate (ug/day) 400 600 600 600 500 500
ggg;eg)ﬁggéigsggg;{‘yg 50 475 75 15 20 +15
Energy (kcal/day) 2,115 - +360 +475 +505 +675

2Values for age 19-29 years

b 0-3 months postpartum

¢ 4-6 months postpartum

* Iron supplements recommended for all pregnant women; supplement dose varies between anemic and nonanemic women

Given the array of factors explored above that affect a woman’s food intake, it is conceivable
that pregnant and lactating women would have difficulties increasing the quantity of food

consumed and improving the nutritional quality of their diet.

2.5.2 Macronutrients of interest in Cambodia
The Cambodian diet is characteristically low in fat (14% of total energy), moderately low in

protein (10% of total energy), and high in carbohydrates (76% of total energy) (67). This dietary
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pattern falls below the WHO AMDRs for fat and is at the lowest recommended range for protein.
This is of concern as adequate fat and protein intake is vital for a healthy pregnancy. Essential
fatty acids such as alpha-linolenic acid (ALA) are necessary for fetal brain and retinal
development (83). Proteins play an equally important role as they support the rapid growth of
maternal, placental, and fetal tissues. Over one-third of the protein in a Cambodian diet is plant-
based (18). This form of protein has a lower biological value than animal-based protein,
increasing the amount needed to meet physiological requirements (77). Insufficient protein
consumption or deficiencies in specific amino acids during pregnancy can lead to embryonic
losses, in utero growth restrictions, preterm birth (84), and can adversely affect the body

composition of offspring (85).

A woman’s nutritional status does not greatly impact the overall macronutrient composition of
her breastmilk (72). For example, maternal protein intake during lactation does not affect the
concentration of protein in breastmilk (72). The fatty acid profile of breastmilk does vary
according to maternal intake (73,86). Previous work has demonstrated that levels of
eicosapentaenoic (EPA) and docosahexaenoic (DHA) fatty acids in human milk are directly
influenced by maternal intake of these nutrients (86). Therefore, a high intake of fish can
positively influence breastmilk quality. The composition and volume of breastmilk are adversely

affected only in instances of severe maternal undernutrition (51).

2.5.3 Micronutrients of interest in Cambodia
While micronutrient requirements increase during pregnancy and lactation, evidence suggests

that many women fall short of these needs. A 2019 study used dietary modeling based on a
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typical diet of pregnant Cambodians to identify ‘problem nutrients’, that is, micronutrients
consumed in insufficient quantities to meet nutritional needs (87). Based on diet alone, six
problem nutrients were found: iron, vitamin A, calcium, thiamine, riboflavin, and folate (87). As
noted previously, iron and vitamin A deficiencies are not common in Cambodia, which may be
related to the national supplementation program for both nutrients (22). While calcium intakes
are low, absorption of this mineral more than doubles by 12 weeks pregnancy, which helps meet
increased demand (80). Biochemical evidence of thiamine (88), riboflavin (89), and folate
deficiencies (22) is prevalent among women in Cambodia, as are deficiencies of zinc (41,77),
iodine, and vitamin D (22). These nutrients all play a critical role during pregnancy and lactation,

therefore warranting further examination.

Dietary sources of thiamine, riboflavin, folate, zinc, iodine, and vitamin D can be limited within
the Cambodian diet. Polished rice, the main dietary component, has been stripped of its husk and
bran, thereby eliminating most of its thiamine and riboflavin (89). Polished rice is also a poor
source of folate, zinc (90), and iodine (91) and provides no vitamin D (90). Important sources of
thiamine available in Cambodia include pork, mung beans, and peanuts (90). Riboflavin-rich
foods include freshwater river shrimp, black paddy crab, gunthers walking catfish, and
mushrooms, while folate-rich foods include mung beans, peanuts, and flowering white cabbage
(90). Zinc is found in higher concentrations in fermented soybean, black paddy crab, pork, and
whole grain maize (90). Good sources of iodine are fish and iodized salt (92), and good sources
of vitamin D include Siamese mud carp, common silver barb, catfish (gunthers walking and
striped), and short-bodied mackerel (see Table 2-3). The typical intake of many foods listed

above are too low to meet the SEA-RDA for key micronutrients (17,93).
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Table 2-3. Nutrient composition of select foods in Cambodia. Adapted from (90).

Food Zinc (mg)  Vitamin D (ug) Thiamine (mg)  Riboflavin (mg)  Folate (ug)
Mung bean, dry, raw 2.7 0 0.73 0.23 625
Peanut, whole skin 2.07 0 11 0.17 240
Maize, white, whole 2.74 0 0.30 0.16 26
grain, raw

Mushroom 0.54 1.9 0.1 0.44 25
Flowering white 0.63 0 0.07 0.16 187
cabbage

Pork meat, lean, raw 2.25 69 0.9 0.21 5
Freshwater river 0.97 2 0.07 0.72 25
shrimp

Mackerel, short- 0.6 292 0.11 0.24 1
bodied, raw

Striped catfish, raw 1.6 500 0.02 0.19 10
Common silver barb, 0.1 988 0.02 0.06 15
raw

Catfish, gunthers 0.2 500 0.01 0.45 10
walking, raw

Black paddy crab, 4.3 0 0.01 0.51 44
raw

Fish, Siamese mud 1.53 988 0.02 0.06 15
carp, raw

Soybean, fermented 4.89 0 0 0.12 4

Note: Nutrients are expressed as content per 100 g edible portion, and data is only available for the raw format of foods. No
values for iodine are provided as these are not available in the food composition table for Cambodia (90) or for the Association of
Southeast Asian Nations (94).

In 2014, the Cambodian Micronutrient Survey (CMNS-2014) was conducted to assess the
micronutrient status of mothers aged 15-49 years and children under six years of age (22,41).
The CMNS-2014 used a nationally representative sample from one-sixth of the clusters involved
in the 2014 CDHS (22). Samples of venous blood, urine, and stool were collected (22). An
analysis of data from the CMNS-2014 revealed that thiamine deficiency was prevalent in
Cambodia: 27% of women and 15% of children were considered thiamine deficient when a

conservative cut-off of <120 nmol/L erythrocyte thiamine diphosphate (eThDP) concentration
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was applied (88). Thiamine is required for energy metabolism, nerve impulse conduction (95),
and muscle function, and plays a key role in fetal neurological and cognitive development (85).
Thiamine deficiency during pregnancy can bring on anorexia, neurological symptoms, and
intrauterine growth restrictions (85). Maternal deficiency during lactation can put the infant at
risk of developing infantile beriberi, a condition that is often fatal (89). In less severe forms of
thiamine deficiency, infants can experience impaired cognitive development and functioning,

cardiac failure, seizures, and speech impairments (96).

Riboflavin was demonstrated to be a micronutrient of concern for Cambodian women in two
recent studies (89,97). Deficient or suboptimal riboflavin status (erythrocyte glutathione
reductase activity coefficient ratio, EGRac, >1.3) was found in approximately 90% of women
within a population-representative sample (n=302) from an urban and rural region in Cambodia
(89). A second study among women (n=515) in two rural Cambodian provinces had similar
findings, with 83% of women being riboflavin deficient (EGRac >1.4) (97). Riboflavin is a
cofactor involved in various metabolic activities (e.g., metabolism of proteins, fatty acids, B-
vitamins) and heme synthesis (85). Riboflavin deficiency has been associated with growth
retardation, congenital heart abnormalities (89), and preterm birth (85). The concentration of
both thiamine and riboflavin in breastmilk is positively associated with maternal intake of these

vitamins (73).

Additional analyses of the CMNS-2014 revealed that 18% of women had low serum folate
concentration (<10 nmol/L) (22,41), 63% had zinc deficiency (<9.9 umol/L) (41), and 78% were

iodine-deficient (urine concentration <100 pg/L) (22). Folate is necessary for periods of rapid
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growth and development as it is implicated in functions such as cell replication, cell division, and
nucleotide synthesis (98). Inadequate maternal intake of folic acid during pregnancy has been
associated with neural tube defects in offspring (98); during lactation, inadequate folate intake
presents a higher risk to maternal health, as folate is preferentially secreted into breastmilk (73).
Zinc is critical for embryogenesis (99), organogenesis, and overall growth and development
(100). Studies have demonstrated inconsistent associations between zinc status and pregnancy
outcomes, but there appears to be growing evidence that inadequate zinc status can increase the
risk of LBW (85,99). For example, in Tanzania, maternal low zinc status at delivery (as
compared to normal zinc status) was associated with a 2.5 times higher risk of giving birth to an
infant that weighed <2000g (2.62 [1.36-5.73]) (101). lodine, a component of thyroid hormones,
is involved in growth regulation, cellular metabolism, and the development of the brain and
nervous system (85). During pregnancy, mild maternal iodine deficiency can impair fetal growth,
cognitive and motor development, and increase the risk of miscarriage (51,85). Maternal iodine
deficiency during lactation has been associated with significant reductions in infant intelligence

quotient (51,85).

Finally, the CMNS-2014 found that 29% of women who had children under the age of five were
deficient in vitamin D (25-hydroxyvitamin D serum levels <50 nmol/L) (102). This finding is
surprising due to the country’s proximity to the equator, but can be explained by various lifestyle
habits that limit sun exposure, including increased prevalence of indoor work (e.g., in factories)
(102) and sun-protection behaviours (e.g., wearing hats and long sleeved-shirts) (103). Vitamin
D is an essential component of bone metabolism as it promotes intestinal calcium absorption

(98). Adequate vitamin D status is particularly important during pregnancy and lactation, when
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skeletal structures are developing (85). Deficiency of vitamin D during pregnancy can lead to
restricted fetal growth and bone mineralization (51), as well as rickets, soft cranial bones, and
osteopenia (85). The level of total vitamin D in breastmilk is positively correlated with maternal

intake of vitamin D (73).

The above examples clearly illustrate the importance of ensuring adequate maternal nutrition
during pregnancy and lactation for the health of both mothers and children, while also indicating
that multiple micronutrient deficiencies are prevalent within the same population of women in
Cambodia. There is growing evidence that many Cambodian women’s diets do not meet their

needs during the peripartum period, due in part to traditional peripartum practices (23,48).

2.6 Cambodian peripartum culture

Within Cambodian culture, pregnancy is recognized as a potentially risky period in a woman’s
life. The Khmer expression chlong tonlee, crossing the river, is commonly used to refer to
childbirth, as both undertakings can be dangerous (6). The risk of pregnancy is reflected in the
country’s maternal mortality rates: approximately 170 of every 100,000 pregnancies result in
maternal death (22). Maternal mortality has been in decline over the past two decades, which
may be attributed in part to a government campaign to increase the access to, and quality of,
peripartum care (22). During the 2008-2013 period, 95% of Cambodian women received
antenatal care at least once from a trained professional (i.e., a doctor, nurse, or midwife), with
89% of women being assisted at delivery from a member of one of these professions (22).

Midwives have been noted as important influencers during the peripartum period (3,104), as they
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often bridge the biomedical approaches to health used by medical professionals and the cultural

beliefs held by many Cambodian women (104).

The Ministry of Health reports that 40-50% of Cambodians use traditional medicines on a
regular basis (104). The Cambodian government actively tries to diminish this practice during
pregnancy and lactation. For instance, during peripartum visits, healthcare professionals are
trained to advise women against taking traditional medicines and discuss the risks of such
practices with women (76). Cambodian traditional medicine is similar to that practiced in China
and Vietnam in that it is based around humoral theory, wherein health status is believed to be
influenced by the body’s balance of ‘hot’ and ‘cold’ (3,104,106). Pregnancy is viewed as a hot
state, while postpartum is a cold state (3). Common peripartum practices aim to support and
protect the woman during these periods of imbalance; these practices also appear to be rooted in

the gestational experiences of multiple generations of women.

2.6.1 Pregnancy customs

There is scant literature describing pregnancy practices within Cambodia. A 2011 study in the
southwest province of Krong Kep found that certain foods may be added to the maternal diet
with the goal of improving pregnancy outcomes for both mother and baby (3). For instance,
coconut water directly from the coconut was believed to benefit the baby’s skin and support an
easy delivery. Other desirable foods during pregnancy were sour foods, sweets, ice water, and
durian fruit, but no context was provided to describe the reasons for the desirability of these
foods (3). Rice wine was used as a traditional medicine to help maintain a woman’s strength

during pregnancy (3). In a study in the northwest province of Siem Reap, women reported an
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increased intake of sweet foods (to help with appetite and energy) and salt (107). This study also
found that white meat and coconut milk were desirable foods, as they were believed to give the
baby a lighter skin tone (107). It is also common across the country for women to report
concerns around having a large baby and experiencing delivery complications (48,108,109). One
study found these fears to be more prevalent among primiparas, as they were unfamiliar with the
birthing experience (108). Women coped with childbirth concerns by limiting the type and
quantity of food consumed and following the traditional practice of eating meals quickly, which

is said to help ensure a quick delivery (48).

2.6.2 Postpartum customs

Immediately after birth, Khmer traditions aim to restore heat to a woman’s body, as she is
considered to be weak and vulnerable during this period (106). Failing to restore heat is believed
to bring upon physical and psychological illness, referred to as toa (sometimes written as tos or
toas) (104,110). Symptoms of toa are variable, including seizures, collapse, ‘madness’ (110),
diarrhea, abdominal pains (6,110), headaches, and poor appetite (6); some forms are said to
persist throughout the remainder of the woman’s life (110). Toa is also commonly reported to

result from eating the wrong foods or overworking after childbirth (6).

An approach used in multiple Southeast Asian countries to help women restore heat lost during
the birthing process is ang pleung, or ‘roasting’ (6). During ang pleung, a woman lies on a bed
set over a fire for three to seven consecutive days (106). It is believed that this practice has many
benefits, including heating the bones and tendons, preventing uterine blood clotting, and

rejuvenating energy (3). Ang pleung, a once-ubiquitous practice, has been described as outdated
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by younger generations of Cambodians (104). It is also now discouraged by many healthcare
practitioners due to the risks to the mother and infant (104). While the mother is roasting, she
generally does not breastfeed her baby, causing a delay in breastfeeding initiation (106,111). It
has been reported that traditional birth attendants specifically advise women not to breastfeed
during their first few days postpartum to avoid disrupting traditional practices (111). Women
living in urban areas practice ang pleung less commonly than those in rural settings for multiple
reasons, including the cost of, and access to, fuel for the fire (106). Despite these differing views
of ang pleung and its barriers, a 2011 study with women (n=115) from 16 villages in Krong Kep,

Cambodia found that 69% of women engaged in this traditional practice (3).

Postpartum heating is seen as a necessity in Cambodian culture (106); therefore, women who do
not practice ang pleung use alternative heating methods such as placing hot stones on their
abdomen or receiving ‘heat injections’ (3). These injections usually contain antibiotics, vitamins,
or pain medications (3,109), and are given at minimum twice daily for up to two weeks
postpartum (104). The popularity of heat injections is increasing in Cambodia, as are concerns

about the risks of blood-borne infections contracted through inadequate injection practices (104).

Within traditional Cambodian practices, diet is also considered important during the postpartum
period. A variety of foods and beverages have been reported as being preferentially added to the
diet, including pepper-braised beef, pork, and fish, spicy foods, salty foods (3,104,106),
homemade wine, and herb-based tonics (104,107). These items are thought to help improve
health and general bodily function, promote appetite, and increase breastmilk production (104).

A 1995 study reported that during ang pleung, women are encouraged to consume the widest
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variety of foods possible to prevent toa (6); however, this finding does not appear to have been
corroborated by any subsequent studies. Along with specific food additions, an extensive list of

foods to be avoided during the peripartum period also exists, described more below.

2.7 Food taboos

Food taboos are avoidances that go beyond personal tastes or preferences; they are culturally-
specific rules or customs that prohibit certain food choices and are transmitted throughout
generations by elders, leaders, and other power-holders within communities (112). Food taboos
are present in societies across the globe (1). They are particularly prevalent throughout
pregnancy and lactation as a means of protecting the health of women and children (1,2). Two
systematic reviews in 2018-19 explored the various peripartum food taboos practiced in
Southeast Asia (2,4). These reviews highlighted a wide variety of maternal food avoidances,
including river food, seafood, meats, eggs (2), water spinach, cabbage, fresh fruit, and multiple
vegetables (4). There were more food taboos practiced during the postpartum period than in
pregnancy (2). Foods that were avoided were believed to cause harm to the mother or baby
through means such as difficult delivery, gastrointestinal disorders, hemorrhage, loss of

consciousness, and death (2).

2.7.1 Food taboos in Cambodia

Few studies have assessed food taboos in Cambodia; amongst the ones that have, the following
foods have been identified as needing to be avoided during pregnancy: spicy foods (5,107), salty
foods (e.g., fermented fish paste prahok) (5), coconut milk, porridge (3), oily foods, black/burnt

rice (107), and any foods that are considered ‘hot” according to humoral theory (e.g., meats,
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sweets, coffee, spices) (3,107). Postpartum, salty foods (5), specific types of fish (kry, kahel,
broma, khgoeng), certain banana varieties (5,6), pineapple, jackfruit, field cucumbers, buffalo
meat, and pig’s head (6) have all been identified as taboo. Foods not consumed during ang

pleung may also be categorized as taboo, as they as believed to result in toa (6).

Most foods listed above came from relatively small-scale studies conducted in different regions
of Cambodia (n=67 in southern Kandal province (5); n=115 in coastal Krong Kep (3); and n=129
in Phnom Penh and three rural provinces in the Tonlé Sap region (6,106)). Other taboos were
reported as a result of fieldwork observations in northwest Siem Reap combined with data on
practices of Cambodian refugees who have settled abroad (107). Notably, a second and more
recent study in Siem Reap found no commonly practiced food restrictions during pregnancy
among their sample of women (n=58) (110). However, the authors did not define the term ‘food
restriction’, making it unclear if this term is meant to represent food taboos. Healthcare
professionals are specifically trained by the Cambodian government to discourage women from
adhering to maternal food taboos (75,76). Peripartum food taboos need to be further explored to

better understand the nutritional context of pregnant and lactating women in Cambodia.

2.7.2 Potential health implications

Given the higher nutritional needs during pregnancy and lactation, any restriction to the quantity
and quality of food consumed by a woman can make her and her child vulnerable to
undernutrition and micronutrient deficiencies. Additionally, food taboos can reduce dietary
diversity, a factor known to be associated with malnutrition (2). Many of the avoided foods

identified in Cambodia are animal-based, which increases the risk of insufficient intake for
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numerous essential nutrients with high bioavailability. Restricting the consumption of fish, for
example, would limit a woman’s intake of high-quality protein, alpha-linolenic acid, iron, zinc,
vitamin D, riboflavin, and other micronutrients. As demonstrated above, inadequate maternal
nutrition during the critical periods of pregnancy and lactation can result in adverse health

outcomes such as LBW, preterm birth, impaired fetal development, and mortality.

2.8 Research gap and study purpose

The breadth and impact of food taboos in Cambodia have not been thoroughly explored. It is
unclear whether all aforementioned food restrictions are followed together, what proportion of
the population adheres to them, and whether there are differences in adherence based on
characteristics such as age, education, or income. It is also unknown whether women who
engage in food avoidances also intentionally add foods to their diet during pregnancy and
lactation, potentially counterbalancing the nutritional impact of food taboos. As such, the
purpose of this study was to explore maternal food taboos and food additions during pregnancy

and lactation in Cambodia.
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3.0 Methods

3.1 Study objectives
The study objectives are as follows:

1) Describe foods that are intentionally avoided and added to the maternal diet during
pregnancy and lactation in Kampong Thom, Cambodia, along with reasons for these
dietary modifications.

2) Determine whether these dietary modifications align with the Cambodian government’s
maternal dietary recommendations, as outlined in the MPA Module 10 and the Service
Package for Antenatal, Delivery, and Postnatal Care guidelines.

3) Identify sociodemographic and health predictors of food taboos and food additions.

3.2 Study design

This research project was a mixed-method, secondary analysis of data collected as part of the
Trial of Thiamine Supplementation in Cambodia between September 2018 and May 2019 (95).
The overarching study was designed to formulate thiamine-fortified salt to combat thiamine
deficiency in Cambodia: this community-based, four-parallel arm randomized control trial was
performed to estimate the oral thiamine dose needed to optimize thiamine concentration in
human milk. As part of the larger study, open-ended data were collected on the dietary practices

of women during pregnancy and lactation (95).

3.3 Study setting
The study took place in the central Cambodian province of Kampong Thom. Many women living

in this rural province are employed as agricultural workers (64% of female workforce) and have
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a lower level of education than other parts of the country (median education of 3.7 years, as
compared to 4.8 years for the rest of the country) (22). Kampong Thom residents engage in
optimal health behaviours: 96% of mothers initiate breastfeeding, 96% receive antenatal care
from a skilled healthcare provider (i.e., doctor, nurse, or midwife), and 86% of households have
iodized salt (vs. the national total of 69%). Despite these positive actions, Kampong Thom
province has the second-highest perinatal mortality rate in Cambodia, with 29 deaths per 1,000

pregnancies (compared to the national rate of 20 deaths per 1,000 pregnancies) (22).

3.4 Participants

3.4.1 Sampling methods

Recruitment for the larger study occurred through antenatal care visits and consultations with
local village chiefs, staff from health centers, and elders (95). The contact information of women
who were interested in participating in the study was provided to the research team. After
delivery, the research team followed up with women to ensure they met eligibility criteria
(described below), then obtained informed consent and enrolled women into the study.

Recruitment was conducted on a rolling basis between August and December, 2018.

3.4.2 Sample size

This was an exploratory, secondary analysis of data already collected. The study’s sample size at
two-weeks postpartum was n=335 (more details on sample size calculation for the larger trial can
be found in Whitfield et al. (95)). At 12 weeks postpartum, n=310 (attrition of 7%), while at 24

weeks postpartum, n=298 (attrition of 11% from initial sample).
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3.4.3 Eligibility criteria

Study participants were lactating women living in the catchment areas for the following eight
health centers in Kampong Thom: Tboung Kapoeur, Kampong Svay, Sankor, Chey, Salavisai,
Prey Kuy, Prey Pros, and Srayov. Women were eligible to participate in the study if they were
the mother of a newborn, aged 18-45 years, and had a normal pregnancy (i.e., no known chronic
conditions, preeclampsia, gestational diabetes, etc. for their most recent pregnancy) with a
singleton infant born without complications (e.g., no LBW, tongue tie, cleft palate).
Additionally, participants had to intend to exclusively breastfeed for six months, not be planning
on moving within six months of study recruitment, and not be participating in nutrition programs
(beyond normal care). Of relevance to the larger study, participants were eligible if they had not
taken any thiamine-containing supplements four months prior to study recruitment, and were
willing to consume one capsule daily from two to 24 weeks postpartum and have her entire
household consume only salt provided by the study team. Finally, participants had to be willing
for the following biological samples to be collected: a maternal venous blood sample and human
milk sample at two weeks postpartum; a human milk sample at four and 12 weeks postpartum;
and maternal and infant blood samples and a human milk sample at twenty-four weeks

postpartum (95).

3.4.4 Remuneration
Study participants received a mobile cell phone, along with mobile phone credits. This facilitated
communication between study participants and the research team. Participants were also gifted a

sarong and laundry soap (value of 3 USD) at each study visit.
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3.5 Ethical considerations

The overarching study received ethics approval from the National Ethics Committee for Health
Research in Cambodia (112/250NECHR) and the Mount Saint Vincent University Research Ethics
Board in Canada (2017-141) (see Appendix A and B). All data used in this secondary analysis
were deidentified. All participants provided written informed consent to participate in the study

(see Appendix C).

3.6 Data collection

Data were collected in participants’ homes using interviewer-administered tablet-based
questionnaires (Open Data Kit Collect Version 1.22.4 software on a Samsung Galaxy tablet) at
two, 12, and 24 weeks postpartum (95). During the two-week postpartum visit, data were
collected on maternal dietary modifications during pregnancy and postpartum (see Appendix D).
During the 12- and 24-week postpartum visits, dietary questions were focused solely on the
period since the participant’s last interview with the research team (e.g., questions during the 12-
week postpartum visit focused on the changes that occurred in the previous ten weeks). At each
timepoint, participants were asked if there were any foods/drinks they avoided during
pregnancy/postpartum as well as if there were any foods/drinks they specifically chose to
eat/drink during pregnancy/postpartum. Participants who answered ‘yes’ to either question were
asked to list the foods/drinks they chose to avoid/add to their diet, and to explain the reason for

each dietary modification.

Multiple sociodemographic and health characteristics were collected at the two weeks

postpartum visit. Characteristics of interest for this analysis were participant age (years),
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maternal education, number of pregnancies, number of live births, number of antenatal care visits
attended, annual household income (USD), and relative wealth (measured in quintiles using
EquityTool survey for Cambodia (113)). The EquityTool is a short survey that assesses a
household’s relative wealth based on various household characteristics relevant to the country’s
specific context. The EquityTool survey for Cambodia is composed of 14 questions, including
items such as source of drinking water, type of flooring in household, and ownership of a

motorcycle/scooter (113).

3.7 Data analysis

Descriptive statistics were computed for participant characteristics and dietary modifications and
presented as n (%) for categorical variables and mean (standard deviation, SD) for continuous
variables. Shapiro-Wilk test was applied to assess the normality of data distribution (114); data
with non-normal distributions were presented as median (interquartile range, IQR). IBM SPSS v.
26.0 for Windows (IBM Corp, 2018) was used to perform quantitative data analyses, with a
significance level of p<0.05 being used for all significance tests. MAXQDA v. 20.4.0 for

Windows (VERBI Software, 2019) was used for qualitative analysis.

3.7.1 Objective 1: Describing dietary modifications

The incidence of food avoidances and food additions in the maternal diet was described at each
study timepoint (pregnancy, zero to two weeks postpartum, two to 12 weeks postpartum, and 12
to 24 weeks postpartum). The number of unique foods avoided and added by the study sample
was presented for each peripartum period, as was the median number (IQR, range) of unique

foods individual women avoided or added to their diet. Friedman’s test was performed to
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determine if there were differences in the number of foods individual women avoided or added
in their diet by peripartum period. Wilcoxon signed-ranks tests with Bonferroni correction were

used for multiple comparisons when tests revealed statistically significant differences (115).

The five most commonly avoided and added foods at each peripartum period were reported with
the number of women (n, %) avoiding/adding each specific food. To better illustrate the types of
foods eliminated or added to the maternal diet, foods were categorized using the minimum
dietary diversity for women (MDD-W), a validated indicator for assessing population-level
dietary diversity among women of reproductive age (116). This dichotomous indicator is used to
represent whether women consumed foods from ten basic food groups: grains, roots, and tubers;
pulses; nuts and seeds; dairy; meat, poultry, and fish; eggs; dark leafy greens and vegetables;
other vitamin A-rich fruits and vegetables; other vegetables; and other fruits (116). All optional
categories of the MDD-W assessment were also used in this study: condiments and seasonings;
other beverages and foods; insects and other small protein foods; red palm oil; other oils and fats;
savoury and fried snacks; sweets; and sugar-sweetened beverages. Ingredients in mixed dishes
were coded individually (116). For this study, the number of unique foods (n, %) avoided or
added per food group was presented for pregnancy and postpartum. The category ‘condiments
and seasonings’ was only used when items falling into that category were specifically reported

by women (e.g., chili peppers were categorized as a condiments/seasoning, but soups were not).

Content analysis was employed to describe women’s rationales for adhering to food taboos or
food additions during pregnancy and postpartum (117,118). An inductive approach was used for

coding to allow for codes to be derived directly from the dataset. These codes were subsequently
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organized into larger categories that represented the perspectives and beliefs of study participants
(119,120). For each of the three most commonly avoided and added foods during pregnancy and

postpartum, all reasons for avoidance/addition provided by participants were presented.

3.7.2 Objective 2: Determining if modifications align with government recommendations

The Ministry of Health aims to support maternal and child health by promoting necessary
peripartum dietary modifications. They advise women to add the following foods to their diet:
body-building foods (e.g., animal products), energy foods (e.g., rice, maize, fats), and protective
foods (e.g., fruits and vegetables) (75,76). They also recommend that women avoid sugary or

packaged foods.

To assess whether women adhere to these dietary recommendations, each food eliminated or
added to the diet by women in the study sample was coded as ‘meeting’ or ‘opposing’
government recommendations. Food avoidances were coded as ‘meeting’ recommendations if a
woman eliminated sugary foods or packaged foods. Avoidances were coded as ‘opposing’
recommendations if a woman eliminated foods from the three food groups defined within
government recommendations (i.e., body-building foods, energy foods, protective foods). The
opposite coding was used for food additions: intentionally adding sugary and packaged foods
was coded as ‘opposing’ recommendations, while adding foods from the three food groups were
coded as ‘meeting’ recommendations. Foods that fell outside government recommendations
(e.g., chilis peppers) were coded as ‘neutral’. Food avoidances and additions were presented as n
(%) for pregnancy and each postpartum period. The number of women with food avoidances

opposing government recommendations was presented (n, %) for each timepoint. Food additions
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of these women were assessed at each corresponding timepoint to determine if avoided foods

were replaced by food additions from the same Cambodian food group.

3.7.3 Objective 3: Assessing differences by sociodemographic characteristics

Logistic regression models with backward elimination were built to identify sociodemographic
and health characteristics that predict maternal food avoidances and additions during pregnancy
and postpartum (121). Dietary modifications were dichotomized (i.e., yes/no for following food
taboos, yes/no for adding foods to diet). Women'’s age (years), annual household income (USD),
number of antenatal care visits attended, number of pregnancies, and number of live births were
assessed as continuous variables, while maternal education and wealth quintiles were assessed as
categorical variables. Maternal experience of pregnancy loss was computed based on the number
of pregnancies and number of live births reported by women, and assessed for inclusion in the
logistic regression models as a dichotomous variable. Each variable of interest was assessed for
marginal statistical association with food avoidances/food additions using a univariate analysis
(retained if p<0.25) (122). Relevant continuous variables were next assessed for collinearity,
with elimination of redundant variable when r>0.7 (123). Number of pregnancies and live births
were highly correlated (r=0.882); the number of pregnancies was eliminated as a variable as the
difference in the number of pregnancies and live births was already represented by the

experience of pregnancy loss.

No model was built for food avoidances during pregnancy as only one variable met the cut-off
for the univariate analysis (level of maternal education, p=0.174). Variables included in the three

other models were as follows: age, number of antenatal care visits, and number of live births in
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model for pregnancy food additions; age and number of live births in model for postpartum food
avoidances; and annual household income and number of live births in model for postpartum

food additions.

3.8 Potential source of bias

This research project involves the examination of culturally related dietary choices in a country
that is foreign to the researcher. In such circumstances, there is a risk of cultural bias, where the
researcher misinterprets information due to their own cultural lens. The risk of cultural bias was
minimized through regular consultations with the study’s principal investigator and other
members of her research team; all have substantial knowledge of Cambodia and Khmer culture,
having jointly spent numerous years living in Cambodia. Another important resource for
culturally relevant information was study co-investigator Mr. Hou Kroeun (Deputy Country
Director, Helen Keller International, Cambodia). Mr. Kroeun provided valuable insights on
topics such as the Cambodian peripartum dietary recommendations. It is also pertinent to note
that efforts to mitigate cultural bias were included in the data collection process. A Cambodian
research team member involved in data collection, Ms. Sreang Sambo, provided translation of

terms from Khmer to English and contextualized cultural phenomena to the primary researcher.
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4.0 Dissemination of Findings

The findings of this study will be shared with community actors within Cambodia such as the
Cambodian Nutrition Working Group. Further dissemination of the findings in Cambodia will be
guided by the knowledge and expertise of local stakeholders to ensure that information reaching
the wider community is relevant and adapted to their needs. Results from this research will also
be presented at an academic nutrition conference (e.g., Canadian Nutrition Society) in 2023, and

published in an open-source, peer-reviewed journal (e.g., Maternal & Child Nutrition).
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5.0 Results

5.1 Participant characteristics

Participant characteristics are detailed in Table 5-1. Women had a mean (SD) age of 28 (6) years
and had experienced 2.5 (1.4) pregnancies. All participants were of Khmer ethnicity, and nearly
all (99%) were married. Most women had less than seven years of formal education (60%) and
were part of the three lower relative wealth quintiles (77%). Participants in this study had
attended, on average, approximately five antenatal care visits during their most recent pregnancy,

with the majority (92%) having a midwife as their antenatal healthcare provider.

5.2 Description of peripartum dietary modifications

Table 5-2 details peripartum dietary changes observed within the study sample. Food avoidances
and food additions were reported at all four peripartum timepoints: pregnancy, zero to two weeks
postpartum (early postpartum), two to 12 weeks postpartum (mid postpartum), and 12 to 24

weeks postpartum (late postpartum).

Considering all postpartum periods together, 71% of our study sample followed food taboos and
69% intentionally added food to their diet. Food avoidances were most frequent during the early
postpartum period, with 66% of women avoiding at least one food or beverage. At all other
timepoints, fewer than one in five women engaged in food avoidance. Food additions were most
frequent during the late postpartum period, with 45% of women intentionally adding at least one
food or beverage to their diet. At other peripartum periods, roughly one in three women engaged
in food additions. Large portions of the study sample reported making no dietary changes (i.e.,

no avoidances or additions) during the peripartum period.

41



Table 5-1. Characteristics of study participants (n=335).

Participant characteristic

Mean (SD) or n (%)

Age, years
Number of pregnancies
Number of live births
Marital status, married
Ethnicity, Khmer
Maternal education
No formal education
Primary (1-6 years)
Lower secondary (7-9 years)
Upper secondary (10-12 years)
Higher education
Occupation
Homemaker
Farmer
Unemployed
Seller
Garment factory worker
Other
Relative wealth quintile!
Quintile 1 (Poorest)
Quintile 2
Quintile 3
Quintile 4
Quintile 5 (Wealthiest)

Median household income, USD (past 12

months)?
Number of antenatal care visits
Antenatal care provider

28.1(6.1)

2.5 (1.4)

2.2 (1.1)
330 (99%)
335 (100%)

40 (12%)
161 (48%)
83 (25%)
43 (13%)
8 (2%)

163 (49%)
94 (28%)
23 (7%)
22 (7%)

4 (1%)
29 (9%)

81 (24%)
69 (21%)
108 (32%)
54 (16%)
23 (7%)
2,000 (IQR 1,000-3,000)

4.8 (2.4)

Midwife 307 (92%)
Doctor 16 (5%)
Other 5 (1%)

Note: Percentages in table may not add up to 100% due to rounding.

! Relative wealth quintiles were calculated using the EquityTool for Cambodia (113).

2 Annual household income is presented as median (IQR).

Foods targeted by women for avoidance during peripartum periods were far from universal. For

instance, in early postpartum, 114 unique foods were avoided by women in the study sample. A

wide range of foods were also added to the peripartum diet (e.g., 43 different foods were added

to women’s diets in early postpartum). For nearly all peripartum periods, engaging in food

avoidances and additions was not the norm: the median number of foods avoided or added per
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woman was zero for all instances except early postpartum (median of one food avoidance per
woman). The maximum number of foods avoided by an individual woman at one peripartum

period was six, while the maximum for foods added was five (see Table 5-2).

Table 5-2. Dietary modifications by peripartum period.

Pregnancy Early Mid Late
(n=335) postpartum  postpartum  postpartum
n (%) (n=335) (n=310) (n=298)
n (%) n (%) n (%)
Dietary modification by women*
Avoided foods 59 (18%) 221 (66%) 53 (17%) 55 (18%)
Added foods 126 (38%) 123 (37%) 100 (32%) 133 (45%)
No modification 179 (53%) 96 (29%) 183 (59%) 127 (43%)
Number of unique foods avoided in 36 114 35 41
sample
Number of unique foods added in 54 43 56 31
sample

Median number of foods avoided per 0 (IQR 0) 1 (IQR0-2) 0 (IQRO) 0 (IQRO)
woman

Number of foods avoided per woman 0-4 0-6 0-6 0-3
(range)

Median number of foods added per 0(IQR1) 0(IQR 1) 0(IQR 1) 0(IQR 1)
woman

Number of foods added per woman 0-4 0-5 0-3 0-2
(range)

1 Total % in columns surpasses 100% since some women both avoided and added foods in their diet

The number of foods individual women avoided or added to their diet differed significantly by
peripartum timepoint [x? (3) 294.805, p<0.001 for food avoidances, and 2 (3) 8.464, p=0.037 for
food additions]. Specifically, the number of foods avoided during early postpartum differed
significantly compared to all other peripartum periods (p<0.001 compared to pregnancy, mid
postpartum, and late postpartum). The number of food additions differed only between

pregnancy and mid postpartum (p<0.001).
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5.3 Characteristics of foods avoided and added to maternal diets

Table 5-3 lists the five most frequent foods avoided and added for each peripartum period.

During pregnancy, the most frequently avoided foods were spicy foods, energy drinks, and

coffee, while during the postpartum period, fish without scales, raw vegetables, and fermented

foods were most avoided. The most common food additions during pregnancy were milk,

soymilk, and juice. During postpartum, women most frequently added traditional medicine,

soups made with fish and/or meat, and soymilk to their diets.

Table 5-3. Most frequent food avoidances and additions by peripartum period.

Pregnancy Early postpartum Mid postpartum Late postpartum
Food Spicy foods! (20)  Fish without scales?  Raw vegetables® Fermented foods” (8)
avoidance (711) (11)

Energy drinks Raw vegetables® (57) Fermented foods* Fish without scales?

(12) (8) (6)

Coffee (10) Fermented foods* Fish without scales?  Canned drinks® (5)

(25) (8)
Alcohol (9) Chicken (20) Buffalo meat (7) Bamboo, buffalo
. meat, ice, chek
Soft drinks (7) Beef (18) Sour foods® (6) ambong’, raw
vegetables®, sour fruit
(all 3)

Food Milk (48) Soymilk (53) Soup with Traditional medicine
addition fish/meat (65) (96)

Soymilk (42) Juice (39) Traditional medicine  Soup with fish/meat

(22) (28)
Juice (26) Soup with fish/meat Meat dish? (9) Soymilk (5)
(23)
Coconut water Milk (20) Vegetables® (7) Milk (4)
(24)

Vegetables® (14)  Vegetables® (10)

Vegetable soup (4)

Meat dish® (3)

Note: Numbers in brackets indicate the number of women who avoided/added the specific food item at each

timepoint.

! Examples include chili and black pepper

2 Examples include catfish and eel

3 Examples include carrots, cucumbers, and tomatoes

4 Examples include prahok (i.e., fish paste), and fermented vegetables

5 Examples include tamarind, pineapple, and voar yeav leaves

& Examples include soft drinks, energy drinks, and soymilk (sweetened or unsweetened)
" Chek ambong is the most widely cultivated type of banana in Cambodia (124)

8 Examples include morning glory, sponge gourd leaf, Chinese kale, avocado, sauteed vegetables, and gourds
9 Meat dishes often contained vegetables (e.g., sauteed pork with mustard greens)
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Foods that were avoided and added to the diet covered a wide range of food groups within the
MDD-W classification system (see Table 5-4). During pregnancy, the most frequent food
avoidance was of condiments or seasonings (25% of avoidances), including items such as chilis,
spicy food, and fish paste. Sugar-sweetened beverages like energy drinks, soft drinks, sweetened
condensed milk, and juices were also commonly avoided (23%), as were foods that fell in the
“other” category (22%); e.g., alcohol, coffee, and betel leaf). Interestingly, sugar-sweetened
beverages were also commonly added to the maternal diet during pregnancy, accounting for 22%
of food additions. Milk and soymilk were other frequently added foods during pregnancy,

accounting for 21% and 18% of additions, respectively.

During postpartum, food avoidances were primarily of meat/fish and “other” vegetables (39%
and 22% of food avoidances, respectively; category “other vegetables” includes vegetables that
are not particularly rich sources of vitamin A). Fish without scales (e.g., catfish), chicken, beef,
and buffalo were among the most avoided animal products. Vegetables avoided included
bamboo shoots, sponge gourd, eggplant, wax gourd, and cucumbers. Meat/fish were also added
to women’s diets during postpartum, but less frequently than they were avoided (25% vs. 39%).
“Other” vegetables were added to maternal diets in similar proportions as they were avoided
(19% vs. 22%). This category comprised most frequently vegetables that were included in soups
(e.g., in sweet soup, fish soup, and mixed vegetable soup). Finally, foods that fell in the “other”
category were also regularly added to postpartum diets; traditional medicine was the most

prominent food or beverage included in the “other” category during this period.
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Table 5-4. MDD-W groups for foods that were avoided and added in peripartum.

MDD-W group Food avoidances Food additions
Pregnancy Postpartum Pregnancy Postpartum
n (%) n (%) n (%) n (%)
Grains, white roots and 5 (5%) 17 (3%) 1 (0%) 8 (1%)
tubers, plantains
Pulses 1 (1%) 7 (1%) 42 (18%) 61 (9%)
Nuts, seeds 0 (0%) 1 (0%) 0 (0%) 0 (0%)
Dairy 2 (2%) 1 (0%) 49 (21%) 24 (4%)
Meat, poultry, fish 7 (7%) 239 (39%) 12 (5%) 169 (25%)
Eggs 0 (0%) 3 (0%) 5 (2%) 0 (0%)
Dark green leafy vegetables 0 (0%) 11 (2%) 6 (3%) 73 (11%)
Other vitamin A- rich fruit 1 (1%) 2 (%) 1 (0%) 10 (1%)
and vegetables
Other vegetables 10 (10%) 136 (22%) 16 (7%) 127 (19%)
Other fruit 3 (3%) 54 (9%) 17 (7%) 16 (2%)
Sweets 0 (0%) 10 (2%) 6 (3%) 1 (0%)
Sugar-sweetened beverages 22 (23%) 40 (6%) 52 (22%) 46 (7%)
Condiments, seasonings 24 (25%) 27 (4%) 1 (0%) 0 (0%)
Other! 21 (22%) 72 (12%) 25 (11%) 134 (20%)

! Category includes items such as alcohol, betel leaf, coffee, tea, and traditional medicine

5.4 Reasons for food avoidances and additions

Study participants had a broad range of reasons for engaging in food avoidances and food

additions, summarized in Figure 5-1. The most common motivator for these dietary changes was

the promotion of health. Other important reasons for food avoidances and additions were to

provide energy to the mother and to support the production of breastmilk. Less frequently,

women engaged in food avoidances and additions to satisfy peripartum-acquired dietary

preferences, follow traditions, enhance beauty, and prevent death.
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Figure 5-1. Categorization of reasons for peripartum dietary changes, by frequency.

Note: Circle size represents the overall frequency of each category, while the colors represent the intended
beneficiary of the dietary modification.

The desire to promote baby’s health was most prominent during pregnancy, while promoting
maternal health became most important after childbirth (see Table 5-5). Reasons related to the
promotion of baby’s health included avoiding general illness or specific symptoms (e.g.,
diarrhea, fever, stomach aches, cough), and supporting growth and development (e.g.,
development of brain, heart, and bones, supporting vision, avoiding premature birth). The
promotion of maternal health also commonly involved concerns around general sickness and
specific symptoms (e.g., diarrhea, stomach ache, headaches, dizziness, difficulty breathing,
seizures), as well as the aim to enhance strength and recovery from delivery or Caesarean-

section, and to support reproductive health (e.g., health of womb).

The desire to increase maternal energy was prominent during all peripartum periods, while

concerns around supporting breastmilk production were almost exclusively voiced during
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postpartum periods. Both issues were addressed mainly through food additions, with beliefs
emerging that various soups, vegetables, meats, fish, juices, soymilk, milk, coconut water, and
traditional medicine could enhance breastmilk production. Study participants avoided and added
foods to their diets to satisfy newly-acquired preferences or aversions and adhere to traditions.
Elders were seen to be the most frequent influencers on dietary behaviours, but family members
(e.g., mothers, aunts) and other community members were also influential. During pregnancy,
both food avoidances and food additions were used to enhance the beauty of the baby, while

food avoidances alone were used to prevent maternal and infant death.

Table 5-5. Frequency of reasons women engaged in food avoidances and additions.

Frequency
Reasons Food avoidance Food addition
Pregnancy Postpartum Pregnancy Postpartum
Promote health 72 442 63 147
Of mother 29 357 19 123
Of baby 41 78 40 8
General health 2 7 4 16
Provide energy - 1 93 118
For mother 1 89 116
For baby - 4 2
Breastmilk production - 11 4 126
Personal preference 2 3 15 18
Follow tradition 2 22 2 4
Enhance beauty 5 - 9 -
Prevent death 3 5 - -
Of mother - 5
Of baby 3 -
TOTAL 84 484 186 413

Reasons for the avoidance of specific food items were not consistent throughout the study
sample (see Table 5-6). For example, among the 20 women who reported avoiding spicy food,
numerous reasons were provided for this avoidance: it makes the baby cry, affects baby’s health,

makes the baby hot, causes stomach aches, causes headaches, or results in thick amniotic fluid.
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Fish without scales, a food avoided by 83 women postpartum, had an even broader range of
reasons for its avoidance: it was thought to cause sickness, diarrhea, stomach aches, headaches,
food poisoning, bleeding, make the baby sick, adversely affect maternal health, affect the womb,
make the womb itchy, impede the healing of wounds, cause wound infections, cause the woman
to “roll like an eel”, or cause maternal death. Some participants also avoided this food because of
outside influences (advised by elders or family members) or due to a peripartum-acquired food

preference.

Additions of the same foods were also motivated by a variety of reasons (see Table 5-7). Milk,
added to the pregnancy diets of 48 women, was believed to provide energy to mother and baby,
be good for baby and mother’s health, make the baby beautiful, help the baby grow, give the
baby nice skin, be good for baby’s bones and overall strength, help produce red blood cells,
produce more amniotic fluid, produce more milk, cause a stable temperature in the body, provide
vitamins to baby, and help ensure an easy delivery. Additionally, one participant added milk to
her diet as it was a peripartum-acquired food preference, while another woman was following
advice she received from community members. Traditional medicine was added to the
postpartum diet of 107 women. Few details were provided on the traditional medicines used by
participants; some specified the use of traditional wines, Khmer traditional medicine, or boiled
traditional medicines. Participants reported that they used traditional medicine to help their body
regain strength, produce more breastmilk, prevent sickness, help them eat more, for the health of
their womb, general health, to help with healing or pain, fever, diarrhea, blood cell production, to
help with constipation, protect bones, to prevent headaches, to treat leukorrhea, to treat intestinal
iliness, or to help with sleeping. Women also added traditional medicines to their diet in response

to advice from elders.
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Table 5-6. Reasons women engaged in food avoidances for the most commonly avoided foods.

Pregnancy Spicy foods (20)
- Makes baby hot Causes stomach aches’
- Affects baby Causes headachesf
- Affects baby’s health’ Causes thick amniotic fluidf
- Makes baby cryf
Energy drinks (12)
- Affects baby* Affects mother®
- Affects baby’s growth' Affects stomach’
- Baby will get fatf Advice from neighbourt
- Affects healthf Causes sickness®
Coffee (10)
Affects baby Causes diabetes’
- Affects baby’s growth Reduces effectiveness of iron
- Causes baby to have black skin' supplement?
- Affects baby’s heart' Causes vomiting*
- Affects baby’s brain development'
Postpartum Fish without scales (83)

Causes sickness

Affects maternal healtht
Affects womb

Causes itchy wombf
Causes bleeding*
Advice from elders
Causes diarrhea

Causes stomach aches
Causes food poisoning®

Causes headaches

Wounds won’t heal

Causes wound infection
Causes feverf

Makes baby sick?

Afraid of rolling like an eelf
Family habitf
Peripartum-acquired dislike'
Afraid of dying after eating*

Raw vegetables (67)

Causes diarrhea

Baby will get diarrhea
Causes sickness

Causes food poisoning
Causes stomach aches

Baby will get a stomach ache
Causes dizziness

Causes bloating/gas

Affects womb't

Affects baby*

Causes sickness that reduces
breastmilk production®
Peripartum-acquired dislike'
Hot food*

Advice from elders’

Fermented foods (31)

Causes diarrhea
Causes stomach aches
Causes sickness
Causes cough

Baby will get a cough
Baby will get a cold
Baby will get diarrhea
Baby will get sick
Baby will get allergies
Baby will get a fevert
Affects health?

Causes food poisoning*

Causes bloating/gast

Causes allergies®

Affects breastmilk productiont
Advice from elders®

Advice from doctor?

Affects womb?

Causes reproductive health issues’
Causes wound infection®

Affects wounds'

Numbers in brackets indicate the number of women who avoided each food/beverage. Postpartum period includes responses from
early, mid, and late postpartum. All reasons listed refer to the mother unless otherwise noted.
* Reason provided by >50% of women for that specific food/beverage
T Reason provided by only one woman for that specific food/beverage
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Table 5-7. Reasons women engaged in food additions for the most commonly added foods.

Pregnancy

Milk (43)

Provides energy to mother*
Provides energy to baby*
Good for mother’s health
Good for baby’s health
Makes baby beautiful
Gives baby nice skin

Helps with baby’s growth
Provides vitamins to baby*
Strengthens baby’s bones’
Makes baby strong*

Helps with blood cell production®

Helps produce more amniotic fluid®

Helps produce more breastmilk®

Helps maintain a stable temperature in body?*
Easier deliveryf

Mother can only drink this*

Does not have carbonationf
Peripartum-acquired preference’

Advice from others’

Juice (44)

Provides energy™*

Good for baby’s health
Prevents baby from being fat
Makes baby beautiful

Gives baby good hairf
Provides energy to baby
Helps with baby’s growtht
Provides vitamins for baby*

Rich in vitamins'

Good for babyt

Helps produce more amniotic fluid®
Good for mother’s health”

Helps produce more breastmilk®
Easier delivery
Peripartum-acquired preference

Soymllk (42)

Provides energy*

Good for baby’s health
Makes baby beautiful’
Helps with baby’s growthf

Beverage that is enjoyed’
Afraid to consume other foods’
Helps maintain a stable temperature in body?*

Postpartum Traditional medicine (107)

Quicker recovery of strength*
Helps with healing
Prevents sickness

Helps mother eat more rice
Helps mother eat more food
Good for womb

Good for mother’s body
Good for mother’s health
Prevents/treats fever
Prevents/treats pain in body
Prevents diarrhea

Helps produce more breastmilk

Produces blood cellst

Helps with doing heavy tasks’
Helps mother feel good
Cold body temperaturef
Helps with constipation®
Protects bonest

Advice from elders
Advice from otherst
Prevents headaches’
Treats leukorrheaf
Treats intestinest

Good for diett

Good for sleeping®

Flsh/meat soups (98)

Helps produce more milk*
Provides energy

Peripartum-acquired preference

Good for mother’s health
Good for baby’s health’
Helps with baby’s growth

Rich in vitamins

Quicker recovery of strength®
Prevents sicknesst

Habitf

Good for blood cellst

Soymllk (58)

Provides energy*

Helps produce more breastmilk

Peripartum-acquired preference®
Easy to consume’

Numbers in brackets indicate the number of women who added each food/beverage. Postpartum period includes responses from
early, mid, and late postpartum. All reasons listed refer to the mother unless otherwise noted.

* Reason provided by >50% of women for that specific food/beverage
T Reason provided by only one woman for that specific food/beverage
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5.5 Alignment of dietary modifications with Cambodian government recommendations
Food avoidances during pregnancy largely aligned with the government’s recommendations for
peripartum nutrition: most pregnancy avoidances were either neutral regarding the government’s
recommendations (38%) or met recommendations (35%). Neutral avoidances included items
such as chilis and coffee, while positive avoidances included alcohol and sugar-sweetened
beverages. During postpartum periods, the majority of food avoidances (62%) were in direct
opposition to government recommendations (e.g., avoidance of “protective foods” such as fruits

and vegetables).

Food additions during pregnancy mainly met the government’s peripartum nutrition
recommendations. Women commonly added bodybuilding foods like milk and soymilk during
pregnancy. Food additions that went against government recommendations were mainly sugary
foods such as juices and energy drinks. Neutral food additions included coconut water, green tea,
and items containing one ingredient that met the government recommendations while another
went against it (e.g., fruit shakes made with fresh fruit and added sugar). Alignment of
postpartum food additions with the government’s recommendations was more variable. In early
and mid postpartum, women mainly added soups and mixed dishes containing meat/fish and
vegetables: these additions met the government’s recommendations. During late postpartum, the
addition of traditional medicine was widespread (accounts for 70% of additions during this
period), despite the government advising against this practice. As such, most food addition in

late postpartum do not align with government recommendations (see Table 5-8).
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Table 5-8. Alignment of dietary modifications with the Cambodian government's peripartum
nutrition recommendations.

Opposes Meets
. . Neutral
recommendations recommendations n (%)
n (%) n (%)
Food avoidance
Pregnancy 26 (27%) 33 (35%) 36 (38%)
Early postpartum 291 (62%) 107 (23%) 70 (15%)
Mid postpartum 47 (59%) 16 (20%) 17 (21%)
Late postpartum 41 (59%) 8 (12%) 20 (29%)
Food addition
Pregnancy 52 (24%) 131 (61%) 32 (15%)
Early postpartum 45 (24%) 139 (74%) 3 (2%)
Mid postpartum 24 (17%) 116 (83%) 0 (0%)
Late postpartum 108 (72%) 43 (28%) 0 (0%)

Note: Data are presented by food item (women who avoided or added multiple food items are represented multiple
times in table). Percentages correspond to the alignment of dietary modifications for each timepoint (rows).

In instances where food avoidances went against the Cambodian government’s recommendations
(i.e., avoidance of energy foods, bodybuilding foods, or protective foods), women often did not
report adding foods of similar nutritional value to their diet. During pregnancy, only 6% of
women added foods from the same food group (e.g., both avoidance and addition of a
bodybuilding food). During postpartum periods, only 13-30% of women replaced these avoided

foods with foods from the same Cambodian food group (see Table 5-9).

Table 5-9. Replacement of avoided foods with foods in the same Cambodian food group, by
woman

Avoidance opposes Addition of food from same
recommendations food group
n n (%)
Pregnancy 18 1 (6%)
Early postpartum 161 41 (25%)
Mid postpartum 30 9 (30%)
Late postpartum 32 4 (13%)

Note: Data are presented by woman; food groups are based on the government of Cambodia classification system
(i.e., energy foods, bodybuilding foods, protective foods).
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5.6 Predictors of dietary modifications

None of the demographic and health variables included in our analyses were predictive of food
additions or avoidances during pregnancy. Only the number of live births was a significant
predictor for engaging in both food avoidances and additions during the postpartum period: for
every additional live birth, the odds of a woman engaging in postpartum food avoidances
decreased by 24% (OR 0.76 [0.61-0.95]). The odds of a woman engaging in postpartum food

additions also decreased by 20% (OR 0.80 [0.64-0.99]) per additional live birth.
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6.0 Discussion

Among our sample of 335 women living in Kampong Thom, Cambodia, food taboos were
prevalent during the first two weeks postpartum but less common in later postpartum periods and
pregnancy. Pregnancy food taboos often had beneficial or neutral impacts on the dietary intakes
of women, as the most frequently avoided foods were coffee, energy drinks, alcohol, and spicy
foods. Postpartum food taboos may be more consequential to the health of women and children,
as frequently restricted foods included meats, fish, fruits, and vegetables. However, avoidance of
these foods did not commonly extend beyond the first two weeks postpartum, which would limit
their health impact. Food additions were more prevalent than food avoidances during pregnancy,
mid postpartum, and late postpartum. Participants in our study specifically chose to add
nutritionally desirable foods to their diets, such as various soups, meats, and soymilk, alongside
items of poor or uncertain nutritional quality (e.g., sugar-sweetened beverages and traditional

medicine).

Women provided numerous reasons for engaging in peripartum food avoidances and additions,
most of which centered on the desire to promote maternal and infant health. Sociodemographic
and health characteristics did not impact whether a woman engaged in food avoidances or

additions during pregnancy. During postpartum, the more children a woman birthed, the lower

the odds of her engaging in either food restrictions or additions in her diet.

6.1 Prevalence and types of food taboos and additions in Cambodia
This study revealed a wide breadth of foods being avoided and added to the maternal diet in rural

Cambodia. Specific foods avoided and added by women in Kampong Thom largely corroborated
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and expanded on the findings of previous studies conducted in other regions of the country
(3,5,6,104,106,107). Some notable differences include that in our sample, there was no
avoidance during pregnancy of oily foods (107) or foods that would be considered ‘hot’ in
humoral theory (3,107). In postpartum, none of our participants specified avoiding salty foods
(5). Some of the foods avoided in our study would fall into these categories (e.g., Some women
avoided prahok, a salty food), but no participant stated that she avoided all foods from the above-
mentioned categories. A striking difference for food additions was that women did not add
traditional rice wine to their diet during pregnancy, unlike findings from Montesanti et al., who

reported this practice among women in southern Cambodia a decade ago (3).

We found that although a wide variety of foods are considered taboo for pregnant and lactating
women in Cambodia, individual women tended to restrict a limited number of foods at once. For
instance, the maximum number of foods avoided by one woman during pregnancy was four,
despite 54 unique foods being avoided within the study sample. The lack of universality in food
taboos suggests that there isn’t a strict cultural understanding of which foods are harmful or
socially acceptable during pregnancy and lactation. Instead, there appears to be a more localized
or individualized interpretation of food taboos. This variability in individual-level food
avoidances has also been observed in Malaysia (125). A qualitative study with 55 women
residing in the country's northern region noted that “despite general guidelines, each person
follows rules slightly different from the other and what is taboo for one person may not be for
another” (125). Accordingly, when consulting lists of food taboos for women in Cambodia, it is
essential to be aware that each woman will likely be adhering to specific, individualized food

taboos.
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Among our study sample, the prevalence of food taboos was much higher postpartum than in
pregnancy (71% vs. 18%), with most of these avoidances occurring in the first two weeks after
delivery. This finding is congruent with traditional beliefs in Cambodia, as postpartum women
are understood to be in a particularly fragile, weak state (3,6,104), and participants largely
followed food taboos to protect maternal health. The high prevalence of food taboos during the
first two weeks postpartum is intriguing as it coincides with the period during which ang pleung
(postpartum roasting) or ‘heat’ injections would be performed (104). These practices are used to
heat the body and promote maternal recovery. Previous studies have indicated that women both
intentionally restrict and add foods during ang pleung (6,109), but the relationship between
postpartum dietary behaviours and heating practices has not been thoroughly explored. Further
examination of this relationship could provide a deeper understanding of potential motivators for

postpartum food avoidances and additions.

Another notable finding of our study is that food additions were more common than food
avoidances for the vast majority of the peripartum period; the only time the prevalence of food
avoidances exceeded that of food additions was during the first two weeks postpartum. Overall,
women added a variety of nutritious foods to their diets. These additions generally aligned with
the Cambodian government’s peripartum dietary recommendations since they provided women
with additional sources of energy, fats, protein, and micronutrients (76). Many of the food
additions (e.g., soups, soymilk, milk) could help increase a woman’s fluid intake, which is also
beneficial for the health of pregnant and lactating women (126). Some women both avoided and
added foods to their diet concurrently. We observed that when this occurred, the foods avoided

and added were generally not from the same Cambodian food group (i.e., energy foods,
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bodybuilding foods, or protective foods). However, we lack the ability to assess whether avoided
foods have been adequately replaced in women’s diets. For instance, rather than adding specific
foods to their diets, women may have increased the volume of foods already consumed in their
diets; this action could counterbalance the nutritional void created by food avoidances. Overall,
the beneficial qualities of foods added to the maternal diet and the limited adherence to food
taboos hint at positive maternal dietary behaviours. Findings from this study could suggest that
messaging around maternal diet provided through existing public health campaigns and antenatal

care visits is being effectively integrated into the behaviours of many women in Kampong Thom.

The high use of traditional medicine by study participants is also noteworthy: 107 women added
traditional medicine to their postpartum diet, most commonly in late postpartum. This practice
directly opposes the recommendations of the Cambodian government, which views traditional
medicine as presenting a potential risk to the health of pregnant and lactating women (76). Study
participants did not describe the traditional medicines they used beyond some women stating
they consumed “traditional wine”, “Khmer traditional medicine”, or “boiled traditional
medicine”. There is little information on what is typically contained in these traditional
medicines in the literature. Many kru khmer (traditional healers) make their own medicines and
prefer to conceal the specific ingredients used to avoid having their recipes appropriated by
others (127). Richman et al. examined traditional medicines through their hospital and clinic
work in Cambodia. They noted that peripartum women often drink teas provided to them by a
kru khmer made from varieties of wood and leaves (107). Additional studies have observed that
traditional wine is composed of a rice wine base with some of the following ingredients: herbs

(104,107,127), parts of wild animals (107,127), tree bark (3,107), tree roots (3), or beeswax
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(104). No studies appear to have examined the effectiveness of traditional Cambodian medicines
used during the peripartum period; therefore, we cannot know how these products impact the
health of women and children. One potential risk with using traditional medicines would be the
delay in seeking Western biomedical attention for treatable ailments (6,128), which could impact
the effectiveness of these evidence-based treatments and prolong a woman’s state of illness.
Healthcare practitioners in Cambodia should assess the traditional medicine practices of
individual patients and identify any potential risks with using these medicines. For example, if a
patient uses traditional wine during pregnancy and postpartum, it would be essential for
healthcare practitioners to explain the potential health outcomes of consuming alcohol during
these periods of the lifecycle (e.g., detrimental long-term effects on child cognition (129)). It is
also important for healthcare workers to counsel patients on the specific signs and symptoms that
could represent a medical emergency during pregnancy and postpartum (e.g., prolonged vaginal

bleeding, high fever, dizziness (130)) and warrant attention from a licensed medical professional.

6.2 Regional prevalence of food taboos

The frequency of pregnancy food taboos (18% of women) in Kampong Thom, Cambodia falls
between trends observed in other Southeast Asian countries. Pregnancy food taboos were nearly
nonexistent in studies conducted in various regions of Laos (131-134). In Indonesia, a
longitudinal study using repeat 24-hour dietary recalls found that among 450 women, 28%
followed pregnancy food taboos (135). In Malaysia, a cross-sectional study identified that 70%
of women (n=73 of 104) avoided foods during this period (136). Pregnancy food taboos differ

drastically between Southeast Asian countries; therefore, researchers and health professionals
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cannot presume that dietary behaviours observed in pregnancy in one country will present in

another.

Postpartum food taboos are far more prominent across Southeast Asia. Despite 71% of our study
sample engaging in postpartum food avoidance, this practice is slightly less prevalent and less
strict than in neighbouring countries. In Laos, Barennes et al. conducted a cross-sectional study
with 300 urban-dwelling women, of whom 93% adhered to food taboos (137). These avoidances
led to highly restrictive maternal diets, particularly for the first two weeks postpartum: during
this period, 15% of women consumed only glutinous rice with salt, 36% consumed only rice
with dry meat or fish, and 49% consumed only glutinous rice with salt for the first three days
postpartum, then added in a limited amount of other food items (e.g., cooked vegetables) (137).
Barennes et al. conducted another cross-sectional study in rural Laos, finding that 98% of
mothers (n=125 of 127) engaged in postpartum food avoidances lasting for a median of 30 days
(138). Similar to their urban peers, women generally only ate milled glutinous rice soaked in
water and tea during this time (138). Other quantitative studies in Laos have found that 80%
(132) to 97% (133) of women adhere to postpartum food taboos. In rural and urban regions of
Myanmar, 96% of women (n=188 of 196) practiced dietary restrictions postpartum (139), while
a study with 115 women living in urban Vietnam found all participants restricted certain foods in
their postpartum diet (140). Postpartum food taboos are also reportedly prevalent in peri-urban
Myanmar (141) and Malaysia (142). The near-ubiquitous presence of restrictive postpartum diets
in Southeast Asia may to lead to inadequate nutrient intakes and stores for women and
breastfeeding infants. The nutritional impact of food taboos would be directly influenced by the

types of foods avoided and the duration of such avoidances.
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6.3 Potential nutritional and health implications

During pregnancy, the dietary modifications of Cambodian women appear overall to be
beneficial for the health of women and children. Women avoided foods during pregnancy that
have been demonstrated to negatively impact the health of the dyad, including alcohol (129),
coffee (143,144), energy drinks (144), and other sugar-sweetened beverages (145). The most
common food avoidance, spicy food, would not impact health if women were simply eliminating
spicy ingredients (e.qg., chilis) from their cooking. Some women avoided nutrient-rich foods such
as eggplant, pineapple, chicken, or milk, but this was not common in pregnancy. Many more
women chose to intentionally add nutritious foods to their diets during pregnancy, providing
themselves—and thus their fetus—with rich sources of protein, fat, calcium, and other
micronutrients. A limited number of women intentionally chose to include sugar-sweetened
beverages and desserts in their diets. These foods could present issues if consumed excessively,
as high sugar intake in pregnancy can lead to outcomes such as excessive gestational weight
gain, gestational diabetes, preeclampsia, and preterm birth (146). However, this is unlikely to be
a major concern as intake of sugary foods and beverages is limited in Cambodia, with residents

in Kampong Thom consuming roughly 21 g of sugar per day (17).

Postpartum food taboos could be more consequential to the health of women and children, as
roughly 60% of avoidances were of nutritionally dense foods. Of particular concern was the
frequent avoidance of different varieties of fish. As discussed previously, fish is a major dietary
staple in the Cambodian diet (18) and an important source of key nutrients such as protein, fats,
vitamin D, riboflavin (90), and iodine (92). Avoidance of specific vegetables such as bamboo

shoots, sponge gourd, eggplants, and raw vegetables was also common among our study
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participants. The government advises all Cambodians to avoid raw foods due to the risk of
foodborne illness; as such, the avoidance of raw vegetables is viewed as healthy. Restricting
other vegetables in the maternal diet is undesirable as they are sources of essential nutrients for
women and infants, such vitamin A and folate. Adhering to postpartum food taboos has been
seen to reduce dietary diversity (133) and alter women's nutrient intakes (137,142) in other
Southeast Asian countries. For instance, during the first two weeks postpartum, women in Laos
consumed significantly less protein and micronutrients as compared to women who were beyond
two weeks postpartum. As indicated previously, food taboos are particularly strict in Laos during
this early postpartum period. Specific differences observed by Barennes et al. included reduced
intakes of protein (61 g vs. 108 g), thiamine (0.4 mg vs. 0.9 mg), vitamin C (26 mg vs. 56 mg),
retinol (20 mg vs. 103 mg), iron (9 mg vs. 15 mg), and calcium (311 mg vs. 456 mg) (137).
Intakes of lipids and energy were the only two components that did not change between these
timepoints (137). The nutritional and health impact of the food taboos we documented in
Kampong Thom, Cambodia, would likely be minimal for most women due to the generally short

duration of food avoidances paired with a less restrictive diet than what is observed in Laos.

Although taboos were common, women also intentionally added many nutritionally desirable
foods to their diets during the first three months postpartum. The addition of soups, vegetables,
and meat-based dishes was widespread. These foods could help women increase their fluid
intake and provide numerous key nutrients required while breastfeeding. However, by late
postpartum, women were mostly adding traditional medicines to their diets. Few women reported
intentionally adding nutrient-rich foods to their diet from three to six months postpartum. During

earlier postpartum periods and in pregnancy, roughly two-thirds of women made no intentional
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food additions. The prevalence of this practice is concerning, as nutritional needs during
pregnancy and lactation are heightened, and most women in Cambodia breastfeed their infants
beyond six months of age (22). Guidelines provided by the government of Cambodia recommend
for women to consume an extra daily meal during this period of the lifecycle, focusing on foods
that are good sources of protein, fat, calories, and micronutrients (76). Without intentionally
adding foods to their peripartum diets, women in Cambodia could have difficulties meeting their
nutritional needs during these periods of the lifecycle. As previously mentioned, the prevalence
of food additions in our study must be interpreted with caution: it is possible some women did
not report adding foods to their diet because they simply increased the volume of foods they
regularly consume, with these food increases fulfilling women’s increased dietary requirements.
However, suppose women in our study did not make this dietary adjustment: this could present
nutritional risks for women and children, as women’s diets in Cambodia are frequently lacking

essential nutrients required during pregnancy and lactation (22,87-89).

6.4 Rationale for food avoidances and additions

Maternal and infant health was a strong motivator for the dietary behaviours of our study
participants, and has been seen as a primary reason for practicing food taboos across the globe
(1,2,4,112,125,139). Many of the specific health concerns reported by our participants have been
described in other studies in Cambodia as experiences of toa. For instance, women in our study
reported restricting foods to avoid diarrhea, stomach aches (6,106,110), weakness, headaches,
vomiting (6,106), seizures (110), stiff backbone, jaw tightness, dry skin, and inadequate
breastmilk production (106), which have all been previously associated in the literature with toa.

Some of the health outcomes related to specific foods would be considered plausible through the
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lens of Western medicine. For instance, types of fish, meats, and raw vegetables were avoided by
some women because they feared becoming sick or getting various gastrointestinal illnesses.
Improperly cooked animal foods and raw foods in Cambodia can present the risk of foodborne
illness, and pregnant women are particularly at risk of being infected by foodborne pathogens

(147).

Other food taboos observed in our sample had biologically implausible outcomes. For example,
one participant avoided drinking coffee during pregnancy out of fear of getting diabetes, while
other women eliminated pineapple, chili, porridge, and eggplant from their pregnancy diets to
prevent getting “thick” amniotic fluid. Implausible outcomes such as these have been identified
in other regions in Cambodia and throughout Southeast Asia. For example, in Thailand, shellfish
and specific relishes are taboo during pregnancy since they are believed to “prevent the perineum
from drying out properly after giving birth” and Thai eggplants are avoided out of fear of causing
anal pain in women after delivery (148). In Laos, foods such as white buffalo, chicken meat,
fermented fish, beef, and duck are avoided postpartum because they are believed to cause
leprosy, and deer is avoided because it could cause the baby to lose consciousness (131).
Healthcare providers should ensure that they engage in discussions with women during antenatal
care visits surrounding health concerns for herself and her baby. Empowering women with
knowledge regarding factors that can cause the symptoms or outcomes they aim to avoid (e.g.,
poor breastmilk supply, gastrointestinal iliness) could help assuage the frequent health concerns

reported by our participants.
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Very few women reported that their dietary modifications were motivated by superstitious
beliefs. Three women in our study reported fears related to taking up the characteristics of
specific taboo foods: eel was avoided out of fear of “rolling like an eel”, oxyeleotris marmorata
fish was avoided out of fear of getting dry skin like a fish, and coffee was avoided to prevent the
baby from having dark skin. Concerns around exhibiting the characteristics of specific foods
have also been reported in various focus group discussions across Southeast Asia: in Indonesia,
some women avoided chicken eggs out of fear of “performing like a chicken” during labour,
which was described to mean having a drawn-out labour (135); in Laos, specific ethnic groups
avoid pumpkin after giving birth as it is believed to cause pumpkin-shaped abdomens in women
(131); and in Malaysia, consuming porcupine during pregnancy is believed to cause raised
blisters on the baby’s skin resembling porcupine quills (149). Further superstitious concerns are
also commonly reported. In the same Indonesian study mentioned above, participants avoided
jackfruit as it “could lead to the formation of a sticky layer of thick fat around the newborn”
(135). In Thailand, some women avoid spicy foods since they may cause babies to be born
hairless, and eating only half a banana is advised as eating a full banana could cause a birth
obstruction (148). Similar concerns around birth obstruction have been reported in Malaysia,
where pregnant women will only eat fish and wild animals caught using particular methods to
prevent their babies from being trapped inside their bodies (149). Coconut, canned foods, plastic-
covered foods, jackfruit, and cabbage are also avoided for this same reason (149). The lack of
superstitious motivations and the prominence of health concerns reported by participants in
Kampong Thom should be considered when developing approaches to address peripartum food
taboos in Cambodia. Our findings suggest that rural Cambodian women could be receptive to

various nutritional and health interventions that address their specific health concerns.
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Women in our study did not generally describe which individuals helped guide their decisions to
add or avoid foods in their diet. A small number of women stated that they made dietary changes
because of the advice of elders, family members, community members, and doctors. None of the
previous studies conducted in Cambodia appear to have examined where women obtained their
information on foods to avoid in pregnancy and postpartum. An ethnographic study conducted in
south-western Cambodia highlighted that participants primarily received advice on postpartum
practices from their mothers and midwives (104). These women also viewed other family
members, healthcare providers, and community elders as influential and trusted individuals
(104). Another qualitative study with pregnant women in Preah Vihear, a province on Kampong
Thom’s northern border, found that women commonly source information from their family,
husbands, and community elders (109). Elsewhere in Southeast Asia, women learn of food
taboos through family members (133,136), ethnic groups (133), intergenerational knowledge,
personal experiences, and the experiences of friends and neighbours (150). If a woman chooses
to follow food taboos, it is essential for healthcare practitioners to enquire about the motivators
for this decision. Such knowledge will support health workers in having meaningful discussions

about dietary avoidances with their patients and help guide their interventions, as needed.

The variability in the rationale provided for each food avoided or added to the diet suggests that
there is no unanimous understanding of the impacts of each food consumed in pregnancy and
postpartum. This variability is particularly interesting for food taboos, as these are generally
viewed as culturally motivated behaviours inherited from previous generations (1,112). Our
study findings could indicate that the perceived outcomes from eating taboo foods may not stem

from the understandings of the entire Khmer culture, but rather from smaller units such as a
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woman’s family or circle of influence. A more localized understanding of the impact of various
foods could help explain the irregularity of foods avoided and added to the maternal diet, along
with the lack of sociodemographic predictors for these behaviours. Of the three most avoided
foods during pregnancy and postpartum, none of the reasons for avoiding these foods were
shared by more than 50% of women. It was common for very specific reasons to be given by
singular women. Better agreement was observed for the benefits of adding particular foods to the
maternal diet. For all three most frequently added foods in pregnancy, providing energy to the
mother was the main motivating factor for over 50% of women. The motivation to add specific
foods to the maternal diet may come from women's lived experiences or generational knowledge.
It has previously been highlighted that Cambodian women view adequate maternal diet as
essential for supporting recovery and overall well-being after childbirth (104). Food additions
may also be motivated by messaging shared through antenatal care visits: healthcare
professionals advise women that having a healthy diet will help promote their levels of energy

and strength (151).

6.5 Predictors of food avoidances and additions

During postpartum, the only factor associated with engaging in food avoidances was the number
of live births a woman had experienced, with every additional birth reducing the odds of
engaging in food taboos by 24%. This trend has been observed in Laos (133,137) and Malaysia
(136), where gravidity was associated with a reduced likelihood of following a restrictive diet
postpartum. Our study also revealed that every additional birth also reduced the odds of women
intentionally adding foods to their diets by 20%. It is possible that multiparous women are less

concerned with the risks of eating taboo foods or of not adhering to specific food additions in
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their diet as they have already had a successful pregnancy, delivery, and postpartum experience,
which can lead to reduced levels of fear or uncertainty with these periods of the lifecycle. In the
neighbouring province of Siem Reap, Turner et al. observed that women used traditional
medicines more frequently during their first pregnancy than during subsequent pregnancies, as
women were more reliant on the advice of elders to guide them through this new experience.
Once a woman has gone through a pregnancy, “she will have more confidence, knowledge, and
experience so [she] ‘goes her own way’” in making these health decisions (110). The added
confidence, knowledge, and experience gained through prior pregnancies may similarly impact a

woman’s peripartum dietary decisions.

It is also possible that the lower amount of food additions observed in multiparous women is
related to financial or time constraints, as engaging in some of the traditional postpartum
practices can be costly. Purchasing firewood or charcoal for ang pleung alone is a significant
expense for many women (106). During this same period, women must also have enough money
to acquire special foods for her diet. Bazzano et al. identified that women who could not afford
to purchase specialized postpartum foods simply continued to consume their typical diet (104). It
is likely that these types of financial constraints more frequently affect households with multiple
children, as the income in these households must sustain more people. Finally, the burden of
acquiring and preparing special postpartum foods may present an additional barrier for women

with other children in their care.

Intriguingly, none of the other sociodemographic or health variables assessed in our study were

associated with following food taboos or food additions during pregnancy. Variables assessed
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include women’s age, annual household income, education, relative wealth status, having
experienced a pregnancy loss, and the number of antenatal visits attended. While in Malaysia,
maternal age, education, and household income were not associated with food avoidance in
pregnancy (136), in Laos, studies have observed that women with higher socioeconomic status,
higher education levels, who are older, and attend more antenatal care visits are less likely to
have a restrictive diet (133). We hypothesized that experiencing a pregnancy loss would increase
the odds of engaging in food avoidances and additions during pregnancy, but this was not
observed. The lack of sociodemographic and health predictors for maternal dietary modifications
makes it more difficult for healthcare practitioners and public health officials to identify groups
of women who would benefit from additional nutritional and health counseling. As such,
healthcare practitioners should ensure they discuss food taboos and dietary practices with all

women during their antenatal care visits.

6.6 Strengths and limitations of study

This study provides the most in-depth analysis of maternal food taboos in Cambodia to date. A
key strength of this study was its large sample size (n=335), which allowed us to gain knowledge
on the dietary behaviours of numerous women across Kampong Thom. The use of open-ended
questions to obtain information on foods taboos, food additions, and reasons for these behaviours
is another strength, as it enabled us to capture the intricacies of the behaviours and beliefs of
individual women. Assessing food additions alongside food taboos provided a broader picture of
maternal dietary behaviours than if food taboos were assessed on their own. The longitudinal
design of this study enabled data to be collected for four different timepoints, which helped

highlight clear differences in dietary behaviours throughout the various peripartum phases.
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Conducting the study in Kampong Thom can also be considered a strength for two reasons. First,
Kampong Thom is a rural province, which is representative of the living situation of the vast
majority of Cambodians (22). Food taboos have been seen to be more prevalent in rural regions
than in urban regions in numerous studies (4,112). Therefore, there was a high likelihood that if
food taboos were prevalent in Cambodia, they would be identifiable here. Also, it has been
demonstrated that the dietary patterns in this centrally located province are generalizable to those

in other rural regions of the country (17,18).

The main limitation of this study is the lack of comprehensive dietary intake data among study
participants, which limits our ability to assess the nutritional impact of the documented dietary
practices. Since we do not know the pre-pregnancy dietary intake of women, we cannot
determine whether the reported modifications resulted in a nutrient profile that differs
significantly from their normal patterns. It is possible that women reported avoiding foods during
pregnancy and postpartum that were only included in their normal diet in limited quantities. For
example, it is known that the typical Cambodian diet has relatively small quantities of meat (17),
yet women frequently reported avoiding foods like beef, chicken, and buffalo meat. The
nutritional impact of avoiding a food that is seldom eaten is very different than that of avoiding a
food that is eaten daily. Additionally, we do not know if women replaced taboo foods by
increasing the volume of foods already incorporated in their diet that were of similar nutritional
value, as such actions are unlikely to have been reported by women as ‘food additions’. Future
studies should use repeat 24-hour food recalls to gather more in-depth dietary information from

women and minimize such ambiguities.
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Additionally, some of the mixed dishes that women included or restricted in their diet, namely
soups, lacked details on their specific ingredients. When this information was missing, we
consulted the Cambodian members of the research team to identify those foods from a list of
standard recipes developed in another project in Cambodia (152). These standard recipes may
differ slightly from the actual ingredients used by study participants. This would impact the
MDD-W food classification of a limited number of foods but would not affect the remainder of
the findings. We were also unable to classify the traditional medicines used by participants as we
did not have the ingredients used in these products, however we do not believe this omission

would have a major impact on our participants’ dietary intakes.

Finally, the use of long-term recall methods and the selected timepoints are other limitations of
this study. Given that this study was a secondary analysis, data collection protocols were
optimized for the objectives of the overarching thiamine study rather than for this analysis.
Participants were asked to recall their dietary behaviours during pregnancy and between study
visits. During their first visit at two weeks postpartum, women were asked about their dietary
behaviours in the past two weeks, as well as during pregnancy. For the mid and late postpartum
visits, women were asked about their behaviours since their last interview. Reliance on such
long-term recall methods could lead to recall bias, and as such to missing data, as some women
may forget which foods they avoided or intentionally included in their diet. Additionally, having
ten to 12 weeks between study visits limited our ability to capture the evolution of peripartum
food avoidances and additions. Previous studies in Southeast Asia suggest that women engage in
different food taboos at two weeks and four weeks postpartum, and that most women return to a

normal diet by 12 weeks postpartum (125,133,137,138). As such, it would be ideal to collect data
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on dietary modifications at these postpartum timepoints and at eight weeks postpartum to
observe changes in food taboos and additions. Women should also be asked about their intention
for future dietary modifications, as some women in our study and others continue to engage in

these behaviours beyond 12 weeks postpartum (132,133).

6.7 Recommendations for future research

Further research should be conducted on postpartum dietary practices of women in Cambodia.
Our study indicates that food taboos are particularly prevalent during the first few weeks
postpartum, therefore focus should be placed on this period. Future studies should conduct
comprehensive dietary assessments for women at multiple timepoints, including pre-pregnancy,
to better monitor the evolution of food taboos and additions. One potential outcome to examine
in the future would be the impact of peripartum dietary changes on maternal dietary diversity, as
was done in Laos by Smith et al. (133). This would help better assess if maternal dietary
practices are beneficial or harmful to the nutritional intake of women. It would also be useful for
future studies to directly examine the nutritional status and health outcome of both women and

their children to assess if dietary behaviours in Cambodia are associated with these outcomes.

Future studies should be conducted in other rural and urban regions of Cambodia to assess
whether the behaviours of women in Kampong Thom are reflected in other regions of the
country, as dietary behaviours could change according to geographic location. It is possible that
smaller, more isolated communities could have more cohesive approaches to food taboos and
food additions. It would also be relevant to include Cambodians outside the Khmer ethnicity,

such as Indigenous groups, to see if there are ethnic differences in maternal dietary practices.
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Other factors that should be studied in relation to peripartum dietary modifications include a
woman’s religious affiliation, her level of interaction with older generations, as well as her level
of independence in her health and nutrition decisions. All these factors have the potential to
influence a woman'’s inclination to practice food taboos and to add specific foods to her

peripartum diet.

Additionally, a woman’s engagement in other cultural practices should be assessed in future
studies. As described previously, health status in Cambodia is traditionally viewed as a balance
between the body’s state of ‘hot” and ‘cold’ (3,104,106); pregnancy is considered a hot state, and
postpartum, a cold state (3). Ang pleung (postpartum roasting) and heat injections are two
methods used to heat the body during the first two weeks after giving birth (104). The timing of
these two practices coincides with the highest period of food taboos for women in our study.
Therefore, it is possible that some of the dietary practices observed in our study are influenced
by a woman’s belief in traditional Cambodian perspectives on health and her practice of ang
pleung or heat injections. These factors could be potential predictors for a woman’s engagement

in food taboo and additions.

6.8 Recommendations for healthcare professionals and public health officials

Healthcare professionals providing antenatal care should be aware that food taboos are
commonly practiced in early postpartum in rural regions of Cambodia. Overall, women should
not be advised to stop engaging in food taboos, as these practices may help women feel a sense
of control over the health of themselves and their child, and these practices can positively impact

health. It is essential to discuss these food avoidances with women at antenatal visits. If women
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choose to practice food avoidances, it would be important for healthcare professionals to assess
potential nutritional and health impacts for each individual woman. Some women intentionally
add foods to their diet at the same time as they are avoiding foods, which may already
counterbalance the nutritional risk. If a risk is identified, healthcare professionals should work
with women to identify nutritionally equivalent foods that could be added to her diet or consider

supplementation if no nutritionally equivalent option is accessible.

Healthcare professionals should also discuss the use of traditional medicines with their patients.
If patients choose to use these products, healthcare professionals should attempt to assess the
potential health impact of these medicines to minimize the risk of negative health outcomes
related to their use. It is also essential to ensure that patients are knowledgeable of specific signs
and symptoms during pregnancy and postpartum that warrant urgent medical attention. For
instance, vaginal bleeding, excessive vomiting, and higher fever could all be signs of a
peripartum health emergency that would be safest to be addressed by a licensed health
professional. Traditional medicines could be considered for concurrent use with biomedical

treatment if situations like these arise.

Finally, public health officials should use the knowledge acquired through this study to develop
or refine nutrition and health programs to support women through pregnancy and postpartum.
Our study provides the necessary understanding of maternal dietary modifications, potential
benefits and issues with current practices, and women’s rationales for such practices. The study
also reveals that maternal concerns related to health, inadequate breastmilk supply, and low

levels of energy are common in this population. This information should be utilized to create
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person-centered nutrition and health programs that can benefit pregnant and lactating women. To
pursue a person-centered approach, public health officials should next conduct focus group
discussions with relevant parties (e.g., pregnant and lactating women, grandparents, village
elders) to generate ideas and receive feedback on how to optimize maternal diet and health
during pregnancy and lactation (153). These consultations could highlight which of the current
antenatal programs and messages are considered beneficial by the concerned parties and which
could be tailored to best suit the community's needs. Engaging in a person-centered approach can
improve the effectiveness of nutrition and health programs (153) and thereby enhance maternal

and child health outcomes.
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7.0 Conclusion

Food taboos during pregnancy and postpartum were practiced throughout Kampong Thom, yet
were limited in duration and severity. While 71% of women avoided at least one food or
beverage postpartum, most avoidances occurred in the first two weeks after women gave birth.
Food taboos were far less prevalent during pregnancy, and many had the potential to confer
positive health impacts through the avoidance of sugar-sweetened beverages, caffeine, and
alcohol. A variety of nutritious foods, namely fish- and meat-based soups and soymilk, were also

added to the diets of many pregnant and lactating women.

This study revealed discrepant dietary practices and beliefs among women in Cambodia. First, a
wide breadth of foods were avoided and added to women’s diets, with certain foods being
considered harmful by some women and beneficial by others. Second, rationales for dietary
modifications generally centered on supporting the health of women and their children, yet the
health outcomes believed to be associated with specific foods varied between participants. Third,
sociodemographic and health characteristics were found to have little influence on food
avoidances or additions. These findings suggest that peripartum dietary practices are shaped less
by a strict belief system within the Khmer culture, and more by individual or household

understandings of food and health during pregnancy and lactation.

At a population level, peripartum food taboos do not appear to present a substantial risk to the
health of women and children in Kampong Thom. However, at the individual level, we observed
some potentially risky behaviours. A limited number of women avoided many foods throughout

pregnancy and postpartum, and did not report specifically adding foods of similar nutritional
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quality to their diets. These women may have difficulties meeting their nutritional requirements
during these vulnerable periods of the lifecycle. The continued presence of food taboos in
Cambodia warrants a deeper exploration of maternal dietary behaviours in pregnancy and
lactation. Conducting comprehensive nutrition assessments in different regions across Cambodia
will help better understand the nutritional impact of peripartum food taboos and additions. Public
health officials and healthcare providers should continue to address food taboos in their
messaging and interactions with women of reproductive age. The findings of this study can be
used to inform the development of person-centered nutrition programs that will support the

health of women and children in Cambodia.

77



10.

11.

12.

13.

8.0 References

Meyer-Rochow VB. Food taboos: Their origins and purposes. J Ethnobiol Ethnomedicine.
2009;5(1):18.

Kohler R, Lambert C, Biesalski HK. Animal-based food taboos during pregnancy and the
postpartum period of Southeast Asian women — A review of literature. Food Res Int.
2019;115:480-6.

Montesanti S. Cultural perceptions of maternal illness among Khmer women in Krong Kep,
Cambodia. Vis-A-Vis Explor Anthropol. 2011;11(1):90-1009.

Kohler R, Sae-tan S, Lambert C, Biesalski HK. Plant-based food taboos in pregnancy and
the postpartum period in Southeast Asia — A systematic review of literature. Nutr Food Sci.
2018;48(6):949-61.

Wallace LJ, Summerlee AJ, Dewey CE, Hak C, Hall A, Charles CV. Women’s nutrient
intakes and food-related knowledge in rural Kandal province, Cambodia. Asia Pac J Clin
Nutr. 2014;23(2):263-71.

White PM. Crossing the river: Khmer women’s perceptions of pregnancy and postpartum. J
Midwifery Womens Health. 2002;47(4):239-46.

Chandler DP. Cambodia [Internet]. Encyclopedia Britannica. 2021 [cited 2021 May 27].
Available from: https://www.britannica.com/place/Cambodia

National Institute of Statistics. Cambodia socio-economic survey 2019-20 [Internet].
Phnom Penh, Cambodia; 2020 Dec [cited 2021 May 25]. Available from:
https://nis.gov.kh/index.php/km/14-cses/86-cambodia-socia-ecomonic-survey-2019-20

National Institute of Statistics. General population census of Cambodia 2019 [Internet].
2020 Oct [cited 2021 May 25]. Available from: https://nis.gov.kh/index.php/km/15-gpc/79-
press-release-of-the-2019-cambodia-general-population-census

Editors of History.com. Khmer Rouge [Internet]. HISTORY'. 2018 [cited 2021 May 28].
Available from: https://www.history.com/topics/cold-war/the-khmer-rouge

Cambodia profile—Timeline. BBC News [Internet]. 2018 Jul 20 [cited 2021 May 28];
Available from: https://www.bbc.com/news/world-asia-pacific-13006828

United to End Genocide. The Cambodian genocide [Internet]. End Genocide. [cited 2021
May 28]. Available from: http://endgenocide.org/learn/past-genocides/the-cambodian-
genocide/

World Bank. Cambodia overview [Internet]. 2021 [cited 2021 May 26]. Available from:
https://www.worldbank.org/en/country/cambodia/overview

78



14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

Asian Development Bank. Poverty: Cambodia [Internet]. Asian Development Bank. 2021
[cited 2021 May 27]. Available from: https://www.adb.org/countries/cambodia/poverty

Government of Cambodia. National social protection policy framework 2016-2025
[Internet]. 2017 [cited 2021 May 26]. Available from: https://www.social-
protection.org/gimi/gess/ShowRessource.action;jsessionid=XzkjQs85mGGhBb6fGDO-
FdlczFtieloOvCmQBYaLutimWN7NmJ8Y!-1463413688?id=55813

Kaba MW, Baesel K, Poch B, Bun S, Cerceau S, Bury L, et al. IDPoor: A poverty
identification programme that enables collaboration across sectors for maternal and child
health in Cambodia. BMJ. 2018;363:k4698.

In S, Lambre C, Camel V, Ouldelhkim M. Regional and seasonal variations of food
consumption in Cambodia. Malays J Nutr. 2015;22(2):167-78.

Inland Fisheries Research and Development Institute. Food and nutrition security
vulnerability to mainstream hydropower dam development in Cambodia. Phnom Penh,
Cambodia: Fisheries Administration, Ministry of Agriculture, Forestry and Fisheries; 2012
Dec.

Bairagi S, Mohanty S, Custodio MC. Consumers’ preferences for rice attributes in
Cambodia: A choice modeling approach. J Agribus Dev Emerg Econ. 2019;9(2):94-108.

Department of Planning & Health Information. Health strategic plan 2016-2020 [Internet].
2016 May. Available from: http://hismohcambodia.org/public/fileupload/carousel/HSP3-
(2016-2020).pdf

Horiuchi Y, Kusama K, Kanha S, Yoshiike N. Urban-rural differences in nutritional status
and dietary intakes of school-aged children in Cambodia. Nutrients. 2018;11(1).

National Institute of Statistics, Directorate General for Health, ICF International. Cambodia
demographic and health survey 2014. Phnom Penh, Cambodia and Rockville, Maryland,
USA; 2015.

World Food Programme. Fill the nutrient gap Cambodia [Internet]. Rome, Italy; 2017 Mar
[cited 2021 May 31]. Available from:
https://reliefweb.int/sites/reliefweb.int/files/resources/WFP-0000070325.pdf

Food and Agriculture Organization. An introduction to the basic concepts of food security.
European Commission, Food and Agriculture Organization; 2008.

Culas RJ, Tek K. Food security in Cambodia: Trends and policy objectives. Int J Dev
Issues. 2016;15(3):306-27.

Waldron P. Food Security throughout the dry season for Cambodia [Internet]. Cornell
University College of Veterinary Medicine. 2018 [cited 2021 Aug 29]. Available from:
https://www.vet.cornell.edu/news/20181218/food-security-throughout-dry-season-
cambodia

79



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Reysoo F, Siny S. “In the forest we had plenty”: Gender, food culture and diet change in
rural Cambodia (Kampong Thom Province, 1995-2015). Yearb Womens Hist. 2015;36:31—
44,

Phoumin H, Kimura F. The impacts of energy insecurity on household welfare in
Cambodia: Empirical evidence and policy implications. Econ Model. 2019;82:35-41.

University of Washington. Fueled by floods: Cambodian people’s food security threatened
by hydropower demands [Internet]. College of the Environment. 2019 [cited 2021 May 31].
Available from: https://environment.uw.edu/news/2019/06/fueled-by-floods

Hall D, Bouapao L. Social impact monitoring and vulnerability assessment: Report on a
regional pilot study for the Mekong Corridor. Vientiane, Lao PDR: Mekong River
Commission; 2010 Dec p. 179. Report No.: 30.

Boonyabancha S, Kerr T, Joshi L, Tacoli C. How the urban poor define and measure food
security in Cambodia and Nepal. Environ Urban. 2019;31(2):517-32.

World Health Organization. Fact sheets - Malnutrition [Internet]. World Health
Organization. 2021 [cited 2021 Jun 14]. Available from: https://www.who.int/news-
room/fact-sheets/detail/malnutrition

Black RE, Victora CG, Walker SP, Bhutta ZA, Christian P, de Onis M, et al. Maternal and
child undernutrition and overweight in low-income and middle-income countries. The
Lancet. 2013;382(9890):427-51.

World Health Organization. Nutrition landscape information system [Internet]. Geneva:
World Health Organization; 2010. (Country Profile Indicators). Available from:
https://www.who.int/nutrition/nlis_interpretation_guide.pdf

Blossner M, de Onis M. Malnutrition: Quantifying the health impact at national and local
levels [Internet]. Geneva: World Health Organization; 2005 [cited 2021 Jun 14]. (WHO
Environmental Burden of Disease Series). Available from:
http://whglibdoc.who.int/publications/2005/9241591870.pdf

Ministry of Planning, Royal Government of Cambodia. Food security trend analysis report -
Cambodia socio-economic surveys 2004 and 2009 [Internet]. Available from:
https://www.humanitarianresponse.info/sites/www.humanitarianresponse.info/files/docume
nts/files/Food%20consumption%?20analysis%20-
%20CSES%202004%20%26%202009%20-%20final%20report.pdf

Mamun AA, Finlay JE. Shifting of undernutrition to overnutrition and its determinants
among women of reproductive ages in the 36 low to medium income countries. Obes Res
Clin Pract. 2015;9(1):75-86.

Popkin BM, Corvalan C, Grummer-Strawn LM. Dynamics of the double burden of
malnutrition and the changing nutrition reality. The Lancet. 2020;395(10217):65-74.

80



39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Greffeuille V, Sophonneary P, Laillou A, Gauthier L, Hong R, Hong R, et al. Persistent
inequalities in child undernutrition in Cambodia from 2000 until today. Nutrients.
2016;8(5).

Young MF, Oaks BM, Tandon S, Martorell R, Dewey KG, Wendt AS. Maternal
hemoglobin concentrations across pregnancy and maternal and child health: A systematic
review and meta-analysis. Ann N 'Y Acad Sci. 2019;1450(1):47-68.

Wieringa FT, Dahl M, Chamnan C, Poirot E, Kuong K, Sophonneary P, et al. The high
prevalence of anemia in Cambodian children and women cannot be satisfactorily explained
by nutritional deficiencies or hemoglobin disorders. Nutrients. 2016;8(6).

Karakochuk CD, Whitfield KC, Barr SI, Lamers Y, Devlin AM, Vercauteren SM, et al.
Genetic hemoglobin disorders rather than iron deficiency are a major predictor of
hemoglobin concentration in women of reproductive age in rural Prey Veng, Cambodia. J
Nutr. 2015;145(1):134-42.

Sphere Association. The sphere handbook: Humanitarian charter and minimum standards in
humanitarian response [Internet]. Fourth edition. Geneva, Switzerland; 2018. 406 p.
Available from: www.spherestandards.org/handbook

Chhoun P, Pal K, Oy S, Collins C, Tout S, Yi S. Social determinants of maternal and child
undernutrition in Cambodia: A systematic review. Int J Food Nutr Sci. 2016;3(2):331-7.

McDonald CM, McLean J, Kroeun H, Talukder A, Lynd LD, Green TJ. Household food
insecurity and dietary diversity as correlates of maternal and child undernutrition in rural
Cambodia. Eur J Clin Nutr. 2015;69(2):242—6.

Liao CW, Chiu KC, Chiang IC, Cheng PC, Chuang TW, Kuo JH, et al. Prevalence and risk
factors for intestinal parasitic infection in schoolchildren in Battambang, Cambodia. Am J
Trop Med Hyg. 2017;96(3):583-8.

RESULTS UK. Undernutrition in the land of rice [Internet]. London, England: RESULTS
UK; 2014 Jun. Available from:
https://www.results.org.uk/sites/default/files/files/Undernutrition%20in%20the%20land%?2
00f%20rice.pdf

Som SV, Prak S, Laillou A, Gauthier L, Berger J, Poirot E, et al. Diets and feeding
practices during the first 1000 days window in the Phnom Penh and north eastern districts
of Cambodia. Nutrients. 2018;10(4).

Food and Agriculture Organization. Cambodia customary law [Internet]. FAO. [cited 2021
Jun 15]. Available from: http://www.fao.org.proxy.bib.uottawa.ca/gender-landrights-
database/country-profiles/countries-list/customary-law/en/?country_iso3=KHM

Gosdin L, Baik D, Reinsma K, Raminashvili D, Heang H, Ouk S, et al. Developing a
locally appropriate tool for measuring food insecurity in Cambodia (OR02-07-19). Curr
Dev Nutr. 2019;3(S1):140-2.

81



51.

52.

53.

54.

55.

56.

57,

58.

59.

60.

61.

Black RE, Allen LH, Bhutta ZA, Caulfield LE, de Onis M, Ezzati M, et al. Maternal and
child undernutrition: Global and regional exposures and health consequences. The Lancet.
2008;371(9608):243-60.

International Labour Organisation Regional Office for Asia & the Pacific. Action-oriented
research on gender equality and the working and living conditions of garment factory
workers in Cambodia. Phnom Penh: ILO; 2012.

World Health Organization. Infant and young child feeding [Internet]. World Health
Organization. 2021 [cited 2021 Jul 1]. Available from: https://www.who.int/news-
room/fact-sheets/detail/infant-and-young-child-feeding

Herforth A, Arimond M, Alvarez-Sanchez C, Coates J, Christianson K, Muehlhoff E. A
global review of food-based dietary guidelines. Adv Nutr. 2019;10(4):590-605.

World Health Organization. Healthy diet [Internet]. World Health Organization. 2020 [cited
2021 Aug 29]. Available from: https://www.who.int/news-room/fact-sheets/detail/healthy-
diet

Joint Food and Agriculture Organization/World Health Organization Consultation.
Preparation and use of food-based dietary guidelines [Internet]. Nicosia, Cyprus: World
Health Organization; 1998 [cited 2021 Aug 26]. (WHO Technical Report Series). Report
No.: 880. Available from: https://apps.who.int/iris/handle/10665/42051

National Academies of Sciences, Engineering, and Medicine. The current process to
establish dietary reference intakes. In: Guiding principles for developing dietary reference
intakes based on chronic disease [Internet]. Washington, D.C.: The National Academies
Press; 2017 [cited 2021 Aug 29]. Available from:
http://www.ncbi.nlm.nih.gov/books/NBK465020/

Murphy SP, Yates AA, Atkinson SA, Barr SI, Dwyer J. History of nutrition: The long road
leading to the dietary reference intakes for the United States and Canada. Adv Nutr.
2016;7(1):157-68.

World Health Organization. Vitamin and mineral requirements in human nutrition
[Internet]. World Health Organization; 2005 [cited 2021 Aug 20]. Available from:
https://apps.who.int/iris/handle/10665/42716

International Life Sciences Institute Southeast Asia Region. Recommended dietary
allowances: Harmonization in Southeast Asia. Tee ES, Florentino RF, editors. 2005 [cited
2021 Sep 3]; Available from: https://ilsisea-region.org/publication/recommended-dietary-
allowances-rda-harmonization-in-southeast-asia/

Nair KPM, Augustine LF. Country-specific nutrient requirements & recommended dietary
allowances for Indians: Current status & future directions. Indian J Med Res.
2018;148(5):522-30.

82



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72,

73.
74,

75.

Mendes MM, Hart KH, Botelho PB, Lanham-New SA. Vitamin D status in the tropics: Is
sunlight exposure the main determinant? Nutr Bull. 2018;43(4):428-34.

Muckenthaler MU, Mairbéaurl H, Gassmann M. Iron metabolism in high-altitude residents. J
Appl Physiol. 2020;129(4):920-5.

Kpewou DE, Poirot E, Berger J, Som SV, Laillou A, Belayneh SN, et al. Maternal mid-
upper arm circumference during pregnancy and linear growth among Cambodian infants
during the first months of life. Matern Child Nutr. 2020;16(S2).

Victora CG, Christian P, Vidaletti LP, Gatica-Dominguez G, Menon P, Black RE.
Revisiting maternal and child undernutrition in low-income and middle-income countries:
Variable progress towards an unfinished agenda. The Lancet. 2021;397(10282):1388-99.

Victora CG, Adair L, Fall C, Hallal PC, Martorell R, Richter L, et al. Maternal and child
undernutrition: Consequences for adult health and human capital. Lancet. 2008;371:18.

Ministry of Health. National policy and guidelines for micronutrient supplementation to
prevent and control deficiencies in Cambodia. Phnom Penh, Cambodia; 2012.

Aryastami NK, Shankar A, Kusumawardani N, Besral B, Jahari AB, Achadi E. Low birth
weight was the most dominant predictor associated with stunting among children aged 12—
23 months in Indonesia. BMC Nutr. 2017;3(1):16.

Christian P, Lee SE, Donahue Angel M, Adair LS, Arifeen SE, Ashorn P, et al. Risk of
childhood undernutrition related to small-for-gestational age and preterm birth in low- and
middle-income countries. Int J Epidemiol. 2013;42(5):1340-55.

Upadhyay RP, Naik G, Choudhary TS, Chowdhury R, Taneja S, Bhandari N, et al.
Cognitive and motor outcomes in children born low birth weight: A systematic review and
meta-analysis of studies from South Asia. BMC Pediatr. 2019;19(1):19-35.

Hack M, Klein NK, Taylor HG. Long-term developmental outcomes of low birth weight
infants. Future Child. 1995;5(1):176-96.

Ballard O, Morrow AL. Human milk composition: Nutrients and bioactive factors. Pediatr
Clin North Am. 2013;60(1):49-74.

Dror D, Allen LH. Overview of nutrients in human milk. Adv Nutr. 2018;9(51):278S-294S.

Allen LH. Multiple micronutrients in pregnancy and lactation: An overview. Am J Clin
Nutr. 2005;81(5):1206S-1212S.

National Nutrition Program. Minimum package of activities MPA module 10 [Internet].

National Maternal and Child Health Center; 2009 Mar. Available from:
https://www.unscn.org/web/archives_resources/html/resource_000608.html

83



76.

77,

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Ministry of Health. Guideline for implementation the service package of antenatal care
delivery and post natal care. 2019 Jun.

Roos N, Ponce MC, Doak CM, Dijkhuizen M, Polman K, Chamnan C, et al. Micronutrient
status of populations and preventive nutrition interventions in South East Asia. Matern
Child Health J. 2019;23(S1):29-45.

Keats EC, Das JK, Salam RA, Lassi ZS, Imdad A, Black RE, et al. Effective interventions
to address maternal and child malnutrition: An update of the evidence. Lancet Child
Adolesc Health. 2021;5(5):367-84.

Foundation for International Development/Relief, Ath KS, Kusama K. Development of
recommended dietary allowance and food-based dietary guidelines for school-aged children
in Cambodia. 2017.

Kovacs CS. Vitamin D in pregnancy and lactation: Maternal, fetal, and neonatal outcomes
from human and animal studies. Am J Clin Nutr. 2008;88(2):520S-528S.

World Health Organization, Food and Agriculture Organization. Diet, nutrition, and the
prevention of chronic diseases. Geneva, Switzerland: World Health Organization; 2003.
149 p. (WHO technical report series).

U.S. Department of Health and Human Services. Appendix E-2.4: Usual intake
distributions, 2007-2010, for pregnant and non-pregnant women in the U.S. ages 19-50
years [Internet]. health.gov. 2014 [cited 2021 Aug 30]. Available from:
https://health.gov/our-work/nutrition-physical-activity/dietary-guidelines/previous-dietary-
guidelines/2015/advisory-report/appendix-e-2/appendix-e-24#protein2

Coletta JM, Bell SJ, Roman AS. Omega-3 fatty acids and pregnancy. Rev Obstet Gynecol.
2010;3(4):163-71.

Herring CM, Bazer FW, Johnson GA, Wu G. Impacts of maternal dietary protein intake on
fetal survival, growth, and development. Exp Biol Med. 2018;243(6):525-33.

Gluckman P, Hanson M, Seng CY, Bardsley A. Nutrition and lifestyle for pregnancy and
breastfeeding. Oxford, U.K.: Oxford University Press; 2015.

Demmelmair H, Ahmed TB, Koletzko B. Content, variability, and regulation of fatty acids

in human milk. In: Mcguire MK, O’connor D I., editors. Human Milk [Internet]. Academic
Press; 2021 [cited 2021 Aug 29]. p. 103-43. Available from:
https://www.sciencedirect.com/science/article/pii/B978012815350500005X

Ferguson EL, Watson L, Berger J, Chea M, Chittchang U, Fahmida U, et al. Realistic food-
based approaches alone may not ensure dietary adequacy for women and young children in
South-east Asia. Matern Child Health J. 2019;23(S1):55-66.

Whitfield KC, Smith G, Chamnan C, Karakochuk CD, Sophonneary P, Kuong K, et al.
High prevalence of thiamine (vitamin B1) deficiency in early childhood among a nationally

84



89.

90.

91.

92.

93.

94,

95.

96.

97.

98.

99.

100.

representative sample of Cambodian women of childbearing age and their children. PLoS
Negl Trop Dis. 2017;11(9):e0005814.

Whitfield KC, Karakochuk CD, Liu Y, McCann A, Talukder A, Kroeun H, et al. Poor
thiamin and riboflavin status is common among women of childbearing age in rural and
urban Cambodia. J Nutr. 2015;145(3):628-33.

Hulshof P, Doets E, Seyha S, Bunthang T, Vonglokham M, Kounnavong S, et al. Food
composition tables in Southeast Asia: The contribution of the SMILING project. Matern
Child Health J. 2019;23(1):46-54.

Tsukada H, Takeda A, Tagami K, Uchida S. Uptake and distribution of iodine in rice
plants. J Environ Qual. 2008;37(6):2243—-7.

Eastman CJ. lodine deficiency disorders continue to be a problem in the Asia Pacific
region. J ASEAN Fed Endocr Soc. 2012;27(2):170-170.

Bunthang T, Nam S, Phen C, Chhantana P, Net E, Pomeroy R. Enhancing food security and
household nutrition of women and children with a focus on nutrient dense commonly
consumed fish from capture fisheries and aquaculture in Cambodia. Food and nutritional
consumption survey: Women and preschool-age children in Cambodia. 2014;22-50.

Institute of Nutrition, Mahidol University. ASEAN food composition database [Internet].
Thailand; 2014 [cited 2021 Aug 23]. (Electronic version 1). Available from:
http://www.inmu.mahidol.ac.th/aseanfoods/download/books/dI1.php?file=Al

Whitfield KC, Kroeun H, Green T, Wieringa FT, Borath M, Sophonneary P, et al. Thiamine
dose response in human milk with supplementation among lactating women in Cambodia:
Study protocol for a double-blind, four-parallel arm randomised controlled trial. BMJ Open.
2019;9(7):e029255.

Mimouni-Bloch A, Goldberg-Stern H, Strausberg R, Brezner A, Heyman E, Inbar D, et al.
Thiamine deficiency in infancy: Long-term follow-up. Pediatr Neurol. 2014;51(3):311-6.

Williams BA, Cochrane KM, Fischer JAJ, Aljaadi AM, McAnena L, Ward M, et al. The
homozygous hemoglobin EE variant is associated with poorer riboflavin status in
Cambodian women of reproductive age. J Nutr. 2020;150(7):1943-50.

Kominiarek MA, Rajan P. Nutrition recommendations in pregnancy and lactation. Med
Clin North Am. 2016;100(6):1199-215.

Donangelo CM, King JC. Maternal zinc intakes and homeostatic adjustments during
pregnancy and lactation. Nutrients. 2012;4(7):782-98.

Young MF, Ramakrishnan U. Maternal undernutrition before and during pregnancy and
offspring health and development. Ann Nutr Metab. 2021;1-13.

85



101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

Rwebembera AAB, Munubhi EKD, Manji KP, Mpembeni R, Philip J. Relationship
between infant birth weight <2000 g and maternal zinc levels at Muhimbili National
Hospital, Dar Es Salaam, Tanzania. J Trop Pediatr. 2006;52(2):118-25.

Smith G, Wimalawansa SJ, Laillou A, Sophonneary P, Un S, Hong R, et al. High
prevalence of vitamin D deficiency in Cambodian women: A common deficiency in a
sunny country. Nutrients. 2016;8(5):290.

Nimitphong H, Holick MF. Vitamin D status and sun exposure in Southeast Asia.
Dermatoendocrinol. 2013;5(1):34-7.

Bazzano AN, Stolow JA, Duggal R, Oberhelman RA, Var C. Warming the postpartum
body as a form of postnatal care: An ethnographic study of medical injections and
traditional health practices in Cambodia. PLoS ONE. 2020;15(2).

Davis EO, Gibson M, Lim T, Glikman JA. Bear bile use at the intersection of maternal
health in Cambodia. J Ethnobiol Ethnomedicine. 2020;16:1-9.

White PM. Heat, balance, humors, and ghosts: Postpartum in Cambodia. Health Care
Women Int. 2004;25(2):179-94.

Richman MJ, Nawabi S, Patty L, Ziment I. Traditional Cambodian medicine. J
Complement Integr Med. 2010;7(1).

Janmohamed A, Karakochuk CD, Boungnasiri S, Whitfield KC, Chapman GE, Janssen P,
et al. Factors affecting the acceptability and consumption of corn soya blend plus as a
prenatal dietary supplement among pregnant women in rural Cambodia. Public Health Nutr.
2016;19(10):1842-51.

MacLellan J. Antenatal anxiety in pregnant women from rural Cambodia. Br J Midwifery.
2010 Nov;18(11):735-43.

Turner C, Pol S, Suon K, Neou L, Day NPJ, Parker M, et al. Beliefs and practices during
pregnancy, post-partum and in the first days of an infant’s life in rural Cambodia. BMC
Pregnancy Childbirth. 2017;17.

Wren H, Chambers L. Breastfeeding in Cambodia: Mother knowledge, attitudes and
practices. World Health Popul. 2011;13(1).

Iradukunda F. Food taboos during pregnancy. Health Care Women Int. 2020;1-10.

EquityTool. Cambodia [Internet]. Equity Tool. 2016 [cited 2021 Aug 28]. Available from:
https://www.equitytool.org/cambodia/

Mishra P, Pandey CM, Singh U, Gupta A, Sahu C, Keshri A. Descriptive statistics and
normality tests for statistical data. Ann Card Anaesth. 2019;22(1):67-72.

86



115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

Laerd Statistics. Friedman Test in SPSS Statistics [Internet]. Laerd Statistics. 2018 [cited
2022 Feb 5]. Available from: https://statistics.laerd.com/spss-tutorials/friedman-test-using-
spss-statistics.php

INDDEX Project. Data4Diets: Building blocks for diet-related food security analysis
[Internet]. Tufts University, Boston, MA; 2018. Available from:
https://inddex.nutrition.tufts.edu/data4diets

Vaismoradi M, Turunen H, Bondas T. Content analysis and thematic analysis: Implications
for conducting a qualitative descriptive study. Nurs Health Sci. 2013;15(3):398-405.

Elo S, Kyngés H. The qualitative content analysis process. J Adv Nurs. 2008
Apr;62(1):107-15.

Nowell LS, Norris JM, White DE, Moules NJ. Thematic analysis: Striving to meet the
trustworthiness criteria. Int J Qual Methods. 2017;16(1).

Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol. 2006;3(2).

McDonald JH. Handbook of biological statistics [Internet]. 3rd ed. Baltimore, Maryland:
Sparky House Publishing; 2015 [cited 2021 Sep 1]. Available from:
http://www.biostathandbook.com/chiind.html

Sperandei S. Understanding logistic regression analysis. Biochem Medica. 2014;24(1):12—
8.

Dormann CF, Elith J, Bacher S, Buchmann C, Carl G, Carré G, et al. Collinearity: A review
of methods to deal with it and a simulation study evaluating their performance. Ecography.
2013;36(1):27-46.

Sarom M. An update on research and technology development of banana in Cambodia. In:
Advancing banana and plantain R & D in Asia and the Pacific. International Network for
the Improvement of Banana and Plantain - Asia Pacific, Los Banos, Laguna, Philipines:
Bioversity International; 2004. p. 6. (Proceedings of the 2nd BAPNET Steering Committee
meeting held in Jakarta, Indonesia, 6-11 October 2003; vol. 12).

Jamaludin SSS. Postpartum food restriction of rural Malay women. Asian J Humanit Soc
Sci. 2014;2(4).

Institute of Medicine. Dietary reference intakes for water, potassium, sodium, chloride, and
sulfate. Washington, D.C: National Academies Press; 2005.

Ashwell D, Walston N. An overview of the use and trade of plants and animals in tradition
medicine systems in Cambodia. Hanoi, Vietnam: TRAFFIC Southeast Asia, Greater
Mekong Programme; 2008 p. 112.

Buchwald D, Panwala S, Hooton TM. Use of traditional health practices by Southeast
Asian refugees in a primary care clinic. West J Med. 1992;156(5):507-11.

87



129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

Flak AL, Su S, Bertrand J, Denny CH, Kesmodel US, Cogswell ME. The association of
mild, moderate, and binge prenatal alcohol exposure and child neuropsychological
outcomes: A meta-analysis. Alcohol Clin Exp Res. 2014;38(1):214-26.

World Health Organization. Counselling for maternal and newborn health care: A
handbook for building skills [Internet]. Counselling for Maternal and Newborn Health
Care: A Handbook for Building Skills. Geneva, Switzerland: World Health Organization;
2013 [cited 2022 Mar 7]. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK304191/

Holmes W, Hoy D, Lockley A, Thammavongxay K, Bounnaphol S, Xeuatvongsa A, et al.
Influences on maternal and child nutrition in the highlands of the northern Lao PDR. Asia
Pac J Clin Nutr. 2007;16(3):537-45.

de Sa J, Bouttasing N, Sampson L, Perks C, Osrin D, Prost A. Identifying priorities to
improve maternal and child nutrition among the Khmu ethnic group, Laos: A formative
study. Matern Child Nutr. 2013;9(4):452—66.

Smith TJ, Tan X, Arnold CD, Sitthideth D, Kounnavong S, Hess SY. Traditional prenatal
and postpartum food restrictions among women in northern Lao PDR. Matern Child Nutr.
2022;18(1):e13273.

Eckermann E, Deodato G. Maternity waiting homes in Southern Lao PDR: The unique ‘silk
home.’ J Obstet Gynaecol Res. 2008;34(5):767—-75.

Hartini TNS, Padmawati RS, Lindholm L, Surjono A, Winkvist A. The importance of
eating rice: changing food habits among pregnant Indonesian women during the economic
crisis. Soc Sci Amp Med. 2005;61(1):199-210.

Mohamad M, Yee Ling C. Food taboos of Malay pregnant women attending antenatal
check-up at the maternal health clinic in Kuala Lumpur. Integr Food Nutr Metab.
2016;3(1).

Barennes H, Simmala C, Odermatt P, Thaybouavone T, Vallee J, Martinez-Ussel B, et al.
Postpartum traditions and nutrition practices among urban Lao women and their infants in
Vientiane, Lao PDR. Eur J Clin Nutr. 2009 Mar;63(3):323-31.

Barennes H, Sengkhamyong K, René JP, Phimmasane M. Beriberi (thiamine deficiency)
and high infant mortality in Northern Laos. Franco-Paredes C, editor. PLoS Negl Trop Dis.
2015 Mar 17;9(3):e0003581.

Sein KK. Beliefs and practices surrounding postpartum period among Myanmar women.
Midwifery. 2013;29(11):1257-63.

Lundberg PC, Trieu Thi Ngoc Thu. Vietnamese women’s cultural beliefs and practices
related to the postpartum period. Midwifery. 2011;27(5):731-6.

88



141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

Sheehy G, Aung Y, Foster AM. “She Llarned it from her mother and grandmother™:
Women’s experiences with delivery and post-partum practices in peri-urban Yangon,
Myanmar. Matern Child Health J. 2016;20(4):854-61.

Koon PB, Peng WY, Karim NA. Postpartum dietary intakes and food taboos among
Chinese women attending maternal and child health clinics and maternity hospital, Kuala
Lumpur. Malays J Nutr. 2005;11(1).

Gleason JL, Tekola-Ayele F, Sundaram R, Hinkle SN, Vafai Y, Buck Louis GM, et al.
Association between maternal caffeine consumption and metabolism and neonatal
anthropometry: A secondary analysis of the NICHD fetal growth studies—singletons. JAMA
Netw Open. 2021;4(3):e213238.

Qian J, Chen Q, Ward SM, Duan E, Zhang Y. Impacts of caffeine during pregnancy.
Trends Endocrinol Metab. 2020;31(3):218-27.

Jen V, Erler NS, Tielemans MJ, Braun KV, Jaddoe VW, Franco OH, et al. Mothers’ intake
of sugar-containing beverages during pregnancy and body composition of their children
during childhood: The Generation R Study. Am J Clin Nutr. 2017;105(4):834-41.

Casas R, Castro Barquero S, Estruch R. Impact of sugary food consumption on pregnancy:
A review. Nutrients. 2020;12(11):3574.

Smith JL. Foodborne infections during pregnancy. J Food Prot. 1999;62(7):818-29.

Liamputtong P, Yimyam S, Parisunyakul S, Baosoung C, Sansiriphun N. Traditional beliefs
about pregnancy and child birth among women from Chiang Mai, Northern Thailand.
Midwifery. 2005;21(2):139-53.

Sharifah Zahhura SA, Nilan P, Germov J. Food restrictions during pregnancy among
Indigenous Temiar women in peninsular Malaysia. Malays J Nutr. 2012;18:243-53.

Bhanbhro S, Kamal T, Diyo RW, Lipoeto NI, Soltani H. Factors affecting maternal
nutrition and health: A qualitative study in a matrilineal community in Indonesia. PL0S
One. 2020;15(6).

Food and Agriculture Organization. Promoting improved infant and young child feeding in
Cambodia. 2014.

Verbowski V, Talukder Z, Hou K, Sok Hoing L, Michaux K, Anderson V, et al. Effect of
enhanced homestead food production and aquaculture on dietary intakes of women and
children in rural Cambodia: A cluster randomized controlled trial. Matern Child Nutr.
2018;14(3):e12581.

Kraemer K, Cordaro JB, Fanzo J, Gibney M, Kennedy E, Labrique A, et al. Chapter 4.2
The power of people-centered nutrition interventions. Good Nutr Perspect 21st Century.
2016;197-208.

89



9.0 Appendices

Appendix A: National Ethics Committee for Health Research certificate of research ethics
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Appendix C: English version of consent form for the Trial of Thiamine Supplementation in

Cambodia

Trial of thiamine supplementation in Cambodia

Principal
Investigator:

Co-
Investigators:

Contact

Site

Granting Agency

BILL& MELINDA The Sackler Institute . OUNT @
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CONSENT FORM
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Hou Kroeun, Helen Keller International Cambodia
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Tim Green, South Australia Health and Medical Research Institute
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of Planning, Cambodia
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Dare Baldwin, Department of Psychology, University of Oregon
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If you have questions you can ask the interviewer, or contact a Khmer
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Introduction

Thiamine, also known as vitamin By, is found in some foods. When we don’t have enough
thiamine we can develop a disease called beriberi. Beriberi is common in Southeast Asia
because the dietary staple, rice, contains almost no thiamine. We recently found that up to
three quarters of women and half of children in Cambodia had low levels of thiamine in

their blood.

Babies usually develop beriberi when they are three months old. It can lead to heart
problems and sometimes death. We’ve also recently learned that babies who don’t eat
enough thiamine can have trouble learning later in life, even if they don’t have the symptoms
of beriberi as a baby. If a mother doesn’t eat enough thiamine, her milk is low in this
vitamin, and the baby doesn’t get enough thiamine. By giving more thiamine to mothers we
hope to increase the amount of thiamine in her breast milk, preventing the disease in babies.

Adding thiamine to salt in the factory (fortification), in the same way that all salt currently
contains iodine, may be a good way to prevent beriberi. Although we know that eating
thiamine can prevent beriberi, we don’t know how much thiamine mothers need to eat to
ensure there is enough thiamine in their milk. Also, we don’t know how much salt
breastfeeding mothers in Cambodia usually eat. The purpose of this study is to determine the
correct dose of thiamine required by mothers, and determine how much salt they usually eat.
We also want to watch babies” milestones to determine if they are learning at the right pace.

Three hundred and twenty breastfeeding women in Kampong Thom will be invited to
participate in this study. Women will be randomized (like flipping a coin) to one of four
groups and take one pill each day for six months. Three groups will consume a thiamine
supplement (1.2 mg/day, 2.4 mg/day, and 10 mg/day) and one group will have a placebo
(no thiamine). We will also provide salt to your household to determine how much you
usually eat.

Participation

Your participation in this study is entirely voluntary, so it is up to you to decide whether you
would like to take part in this study. Before you decide, it is important for you to understand
what the research involves. This consent form will tell you about the study, why the research
is being done, what participation in the study will look like, and the possible benefits, risks,
and discomforts.

If you wish to take part in the study, you will be asked to provide consent to the interviewer
by stamping your thumbprint on this consent form. If you do decide to take part in this
study, you are still free to withdraw at any time and without giving any reasons for your
decision. If you do not wish to take part, you do not have to provide any reason for your
decision not to participate.

Please take time to read the following information carefully and to discuss it with your
tamily, friends, and Village Chief before you decide.
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Who is conducting the study?

Researchers from the Department of Applied Human Nutrition at Mount Saint Vincent
University in Canada are conducting this study in collaboration with Helen Keller
International, Cambodia and a number of other researchers listed on the first page. You are
entitled to request further details from the investigators. If you have questions you can ask
the interviewer, or contact a Khmer speaking co-investigator, Hou Kroeun, at 089 956 199.

Who Can Participate?
In order to participate in this study, you must:

e be the mother of a newborn

e be between 18-45 years of age,

e have had a normal most recent pregnancy (i.e. no known chronic conditions, no
preeclampsia, gestational diabetes etc), and your singleton infant must have been
born without complications (e.g. low birth weight (<2.5 kg), tongue tie, cleft palate)

e intend to exclusively breastfeed for the first six months,

e reside in Kampong Thom province, Cambodia, and not be planning to move in the
next six months,

e be willing to consume one pill daily from 2 weeks through 24 weeks postpartum,

e be willing for your entire household consume only salt provided by the study team,
and,

e be willing for following biological samples to be collected: a maternal venous blood
sample and breast milk sample at 2 weeks postpartum, a breast milk sample at 12
weeks postpartum, and maternal and infant blood samples and a breast milk sample
at 24 weeks postpartum.

Who Should Not Participate in This Study?
You should not participate in this study if you:

e do not meet the criteria above,
are currently participating in any nutrition programs beyond normal care,
are currently taking, or have taken any thiamine-containing supplements over the previous 4
months, or
are unable to provide informed consent.

What will participation in this study look like?

If you agree to participate in this research study, you will be asked to complete three study
visits, one 2 weeks after delivery, and one each when your baby is 1, 3, and 6 months old.
You will first be asked to complete a short questionnaire at your home, which should take
about half an hour to complete. The questionnaire will ask questions about you, such as your
age, and education level, as well as questions about the food you regularly eat. After you
tinish the survey in your home, we will measure your height and weight, and the length,
weight, and head circumference of your baby. At each session, the researcher will interact
with your baby to get a sense of his or her developmental progress. For example, the
researcher will see how babies respond to sights and sounds and social interaction, and how
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easily they move their bodies. Also, the researcher will ask you to interact with your baby in
particular ways, such as trying to coax a smile, or encourage interest in a new toy; if you
consent, these interactions will be videotaped to help us with scoring. The researcher will
also ask you a range of questions about what you are observing about your baby’s
development. These activities will take about 45-50 minutes.

The next day you will be asked to travel to a central village location such as the Village
Chief’s home, where a trained phlebotomist will collect blood and breast milk samples so we
can measure thiamine (vitamin B1). The blood sample will involve having a needle poke to
your inner elbow to collect half a tablespoon of blood. For the milk sample, we will use an
electronic breast pump to collect a full breast expression from the breast you have not most
recently fed from. Once we have taken these samples, we will randomize you (like flipping a
coin) to one of four groups and ask you to take one pill each day. Three groups will
consume a thiamine supplement (1.2 mg/day, 2.4 mg/day, or 10 mg/day) and one group will
have a placebo (no thiamine). You will not know which supplement you are receiving. We
will also provide salt to your household to determine how much you usually eat. Field staff
will visit your home every two weeks to provide more salt as needed, to pick up used
supplement packs, and deliver new supplements.

When your baby is 1 month old we will collect another breast milk sample. When your baby
is 3 months old we will return to complete another questionnaire, cognitive assessments,
conduct a non-invasive physical exam of your baby, and will collect another breast milk
sample. This visit will take place in your home, and should take about an hour.

At the end of the study, when your baby is 6 months old, we will ask you to complete
another questionnaire, take body measurements from you and your baby, and collect blood
and breast milk samples from you, as well as a blood sample from your baby (we will collect
less than a third of a tablespoon of blood). Again, we will conduct cognitive assessments and
a physical exam.

Risks

The blood collection procedure may cause some discomfort and slight bruising or, very
rarely, an infection at the site of the needle poke. After the blood draw you will immediately
be given a bandage to cover the spot where the blood was taken.

Benefits

If you agree to take part in this study, there may or may not be a direct benefit to you. Three
out of four women will be taking a pill that contains thiamine, but no one, not even the field
staff, will know which pill is which until after the study is completed. All women
participating in this study will receive a free 22-week supply of iodized salt for her entire
household, and you can keep the salt container provided. At the end of the study we will
return to your village to inform you of your thiamine status. Since we will need to be able to
contact you by phone, you will receive a mobile phone as well as $1/month in mobile credit
during the study. You can feel free to keep this mobile phone after the study finishes.
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We understand this survey will take some time away from your work and family, so after
each study visit (2 weeks, 1 month, 3 months, and 6 months postpartum) we will provide
you with a small gift (e.g. sarong, or laundry soap) to thank you for taking the time to
participate.

Confidentiality

Your confidentiality will be respected. You will be assigned a unique study number as a
participant in this study. This number will not include any personal information that could
identify you (e.g., it will not include your initials, date of birth, etc.). Only this number will be
used on any research-related information collected about you during the course of this study,
so that your identity will be kept confidential. Information that contains your identity will
remain only with the Principal Investigator and/or designate

All data from this study will be sent electronically from Cambodia to Canada in an encrypted
file that requires a secret code to be accessed. Only members of the research team will know
this code.

Participation and Withdrawal from this Study

Taking part in this study is voluntary. You may choose not to take part or may leave the
study at any time and do not have to give a reason for your decision. If you decide not to
take part or decide to leave the study, you may do so at any time without any consequences.
All data collected about you up to the point of withdrawal will be retained for analysis. You
will be given a copy of this signed and dated consent form. Throughout the study (at 1, 3,
and 6 months) we will remind you about this visit and consent so that you remember that
you are free to withdraw at any time and without giving any reasons for your decision.

What will information collected be used for?

All of the information collected from you and your child will be used to inform a future salt
fortification program. We will measure thiamine in the blood and breast milk samples to
determine the best dose of thiamine to give to future breastfeeding mothers to help prevent
against beriberi. Information about how much salt you and your household usually eats will
help us to formulate a recipe for thiamine-fortified salt. The cognitive assessments of your
baby will help us understand how much thiamine babies need to develop normally.

Although the main purpose of this study is to understand thiamine and beriberi, if blood and
breast milk samples remain after thiamine assessment, we will keep these samples in a freezer
in Canada, and may analyze these samples for other nutrition-related research. These
samples will only be labelled with the unique study 1D, and will not be able to be traced back
to you.

What happens after the study finishes?
We will return to your village after the study is complete to share the results of the study. If
you want, we will also provide you with you and your baby’s blood and breast milk results.
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We may want to stay in touch with you and continue to follow your child and track his/her
development. When you sign this consent form, the field staff person will ask you whether
we can keep your contact information so we can be in touch about future research studies.

Trial of thiamine supplementation in Cambodia: Consent Form

e | have listened to, or read, and understood the information provided on this consent
form.

e [ have had sufficient time to consider the information provided and to ask for advice
(if needed).

e | have had the opportunity to ask questions and have received a satisfactory response
to my questions.

e [ understand that all of the information collected will be kept confidential and that
the results of this study will only be used for scientific objectives.

e [ understand that participation in this study is voluntary and that I am completely free
to refuse to participate or to withdraw from this study at any time without changing
in any way the quality of care that I receive.

e [ understand that I am not waiving any of my legal rights as a result of signing this
consent form.

e | have listened to, or read, the information on this form and I freely consent to
participate in this study.

e [ have been told that I will receive a dated and signed copy of this form.

I consent to myself and my infant participating in this study.

Participant’s name Child’s name

Do you give consent for videotaping? We will not distribute this video or use it for any
commercial purpose.

No. Yes = Participant’s thumbprint:

Can we keep your contact information to contact you about future studies?

Participant’s thumbprint: Date:

Name of person obtaining consent Signature of person obtaining consent
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Appendix D: Abridged baseline questionnaire

Trial of thiamine supplementation in Cambodia
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”\“\E“'T‘ Helen Keller
INTERNATIONAL

BASELINE QUESTIONNAIRE

MODULE 2: DEMOGRAPHIC INFORMATION
1. What is your date of birth?

(DD/MM/YYYY) N Sy

2. How many pregnancies have you had?

3. How many live births have you had?
____ =2 if 1, code and skip to Q8

4. Have you attended school? 1. Yes

2. No = code, then proceed to Q11

5. What is the highest level of school you 1. Primary school

attended? 2. Lower Secondary school
3. Upper Secondary school
4. Higher education

6. Has your husband/partner attended 1. Yes
school? 2. No = code, then proceed to Q13

7. What is the highest level of schooling your | 1. Primary school

husband/partner attended? 2. Lower Secondary school
3. Upper Secondary school
4. Higher education

8. What is your occupation? 1. Homemaker

2. Unemployed

3. Seller

4. Garment Factory
5. Farmer

0. other:

9. What was the income for your whole
household in the past 12 months? US$
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MODULE 3: EQUITY INDEX

10. Does your household have electricity? 1. Yes
2. No

11. Does your household have a television? 1. Yes
2. No

12. Does your household have a refrigerator? 1. Yes
2. No

13. Does your household have a CD / DVD 1. Yes
player? 2. No

14. Does your household have a wardrobe? 1. Yes
2. No

15. Does your houschold have a generator / 1. Yes
battery / solar panel? 2. No

16. Does any member of your household own | 1. Yes
a motorcycle / scooter? 2. No

17. Does any member of your household own | 1. Yes
a watch? 2. No

18. Does any member of this household have a | 1. Yes
bank account? 2. No

OBSERVATION ONLY: What is the main
material of the floor of the living house?

19. RECORD ONLY ONE
OBSERVATION.

Natural floor:
1. FEarth/sand
2. Dung
Rudimentary Floor:
3. Bamboo/palm
4. Wood planks
Finished floor:
5. Parquet or polished wood
6. Ceramic tiles
7. Cement

8. Carpet
99. Other — Specify
OBSERVATION ONLY: What is the main 0. No Walls

material of the exterior walls of the living
house?

20. RECORD ONLY ONE
OBSERVATION

Natural walls:
1. Earth/sand
2. Dung
Rudimetary walls:
3. Bamboo/palm with mud
4. Stone with mud




5. Uncovered adobe
6. Plywood
7. Carboard
8. Resued wood
Finished Walls:
9. Metal
10. Cement
11. Stone with lime / cement
12. Bricks

13. Cement blocks

14. Covered adobe

15. Wood planks / shingles
99. Other — Specify

21. What type of fuel does your household
mainly use for cooking?

—_

Charcoal
Wood
Electricity
LPG (natural gas)
Biogas
Straw/shrubs/grass
Animal dung

. Other — Specify

What is the main source of drinking water
during the rainy season for members of your
household?

22.

Piped into dwelling
Open well
Covered well
Drilled Borehole (with hand pump or
other type of pumping system)
5. Surface water (e.g. spring, tiver/stream,
pond/lake/dam)
6. Rainwater
7. Bottled water
99. Other — Specify:

A e Dl B B Al N

What kind of toilet facility do members of your
household usually use?
23. ASK'TO SEE. = if 0, record and skip to

Q38.

No facility—bush, field

1. Flush to piped sewer system (not shared
with other households)

2. Flush to septic tank (not shared with other
households)

3. TFlush or pour toilet piped sewer system
(shared with other households)

4. Flush or pour toilet to septic tank (shared

with other households)

Traditional pit latrine

Ventilated Improved Pit (VIP) latrine

Pit latrine without slab

Composting toilet

Bucket

0. No permission to see

= o X!
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99. Other — Specify:

24,

Do you share this toilet facility with other
households?

1. Yes
2. No

MODULE 4: MATERNAL FOOD INTAKE PATTERNS

25.

Did you avoid eating certain foods/drinks
in pregnancy?

1. Yes

2. No =2 code, then proceed to Q40

26. If yes, which foods/drinks did you avoid Food/Drink Reason
eating/drinking in pregnancy, and why?
Food/Drink Reason
Food/Drink Reason
Food/Drink Reason
Food/Drink Reason
Food/Drink Reason
27. Did you avoid eating certain foods/drinks | 1. Yes

in the postpartum period?

No = code, then proceed to Q42

28.

If yes, which foods/drinks did you avoid
eating/drinking in the postpartum petiod,
and why?

Food/Drink Reason
Food/Drink Reason
Food/Drink Reason
Food/Drink Reason
Food/Drink Reason
Food/Drink Reason
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29.

Were there foods/drinks you specifically
chose to eat/drink during pregnancy?

1. Yes

No = code, then proceed to Q44

30. If yes, which foods/drinks did you choose | Food/Drink Reason
to eat/drink in pregnancy, and why?
Food/Drink Reason
Food/Drink Reason
Food/Drink Reason
31. Were there foods/drinks you specifically 1. Yes
chose to eat/drink during the postpartum No = code, then proceed to Q46
period? _
32. If yes, which foods/drinks did you choose | Food/Drink Reason
to eat/drink in the postpartum period, and
why?
Food/Drink Reason
Food/Drink Reason
Food/Drink Reason
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