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Newcastle, NSW, Australia Background: Despite economic growth, Cambodia continues to have high
rates of malnutrition, anaemia and nutrition-related deficiencies. Government
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studies of Khmer people living in Cambodia.

Methods: Searches were conducted using PRISMA-ScR guidelines. Included
papers reported dietary intake at an individual level for ‘whole diet’. Studies
using secondary data or lacking dietary assessment details were excluded.
Extracted data included dietary assessment features, nutrient/food group
intakes and database.

Results: Nineteen publications (15 studies) were included, with nine carried out
among children under 5 years and six among women. Eleven studies reported
intake by food groups and four by nutrients, prominently energy, protein, vitamin
A, iron, calcium and zinc. Inconsistent intakes, food groupings and reporting of
study characteristics limited data synthesis. All but one study used 24-h recalls.
Trained local fieldworkers used traditional interview-administered data collection
and varied portion estimation tools. Food composition databases for analysis were
not tailored to the Cambodian diet. Overall quality was rated as ‘good’.
Conclusions: We recommend the development of a best-practice protocol for
conducting dietary assessment, a Cambodia-specific food composition
database and a competent trained workforce of nutrition professionals, with
global support of expertise and funding for future dietary assessment studies
conducted in Cambodia.
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Key points

+ Fifteen studies with highly variable intake data included in the review.

* The food composition databases used were not specific to Cambodian diet.

* Minimum reporting standards and best practice protocols recommended,
including in-country nutrition training.

* Lack of whole population dietary intake data indicates the need for a
national survey.
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The health of Cambodia's Khmer population continues
to be adversely impacted secondary to the devastation
inflicted on society during Khmer Rouge regime from
1975 to 1999." Cambodia is currently classified as a low-
middle income country (LMIC), with poverty manifested
by high rates of poor hygiene, sanitation and nutritional
status coupled with inadequate health services.>> Poor
nutritional status is indicated by relatively high rates of
underweight (24%), stunting (32%) and wasting (10%)
among children aged under 5 years (i.e., high compared
to neighbouring Thailand and Vietnam, and similar to
Laos),* underweight among women of reproductive age
(WRA) (14%) and moderate (37%) levels of food
insecurity.”® A growing proportion of malnourished
women (18%) and children (2%) have overweight or
obesity, amplifying the double burden of malnutrition.®
The prevalence of anaemia remains high for children
under 5 years (56%) and women (44%),° despite targeted
programmes and government initiatives attempting to
counter this situation. Nutritional deficiencies remain
prevalent, with zinc deficiency rates of 73%-90% among
children,”® 19% for folate among women, and 33% and
60% for vitamin D in children and women, respectively.®
Vitamin A rates (9% in 2014) in women have decreased
since 2000.°

Dietary patterns in Cambodia reflect the communal
lifestyle of the Khmer people, who share family meals
that feature rice, soup, sweet stew and fish.” Typical
Khmer diets lack adequate meats, vegetables and fruit,
reflecting widespread poverty rather than the
unavailability of these food items in Cambodia.'® Energy
dense snacks high in fat, sugar and salt are commonly
consumed, particularly by children.'! Along with condi-
ments high in salt such as fish sauce, soy sauce and
monosodium glutamate, as well as added salt, these
contribute to the common unhealthy dietary patterns.

Global health agencies and non-government organi-
sations have partnered with the Cambodian government
to address key nutritional and food security issues
amongst Cambodians.'>'® This primarily focuses on
malnutrition-related strategies for mothers and children.
These include the first National Nutrition Strategy
2009-2015,'* a National Nutrition Program's fast track
road map for improving nutrition 2014-2020," the
National strategy for food security and nutrition
2019-2023,> and the Cambodia Nutrition project with
World Bank.'® Additionally, international researchers
have conducted cross-sectional studies and interventions
to inform further policy and programme develop-
ment.'>! Ninety percent of these studies reported being
funded by external agencies, many in partnership with
the Cambodian government.'?

These strategies are consistent with the Sustainable
Development Goals for ending hunger and all forms of
malnutrition by 2030.'7 Despite nutrition policy and

strategy prioritisation in Cambodia, there are no goals or
strategies to specifically address nutritional adequacy of
dietary intakes. The most specific policy reference to
dietary intake is to ‘increase availability of information
through improved monitoring, evaluation and research’
(strategy 7.5; NNS'Y). Currently Cambodia lacks
national nutrient reference values for children aged
under 5 years and adults, although, recently, the
Cambodian government developed ‘Cam-RDA’ nutrient
reference values for school-age children.'®

Food consumption surveys assess the dietary intake
of individuals or groups aiming to examine nutrient
adequacy of population intake and also diet-disease
relationships so that these can inform national nutrition
and health policies." Individual-level dietary assessment
in Khmer populations is problematic because of chal-
lenges such as estimation of individual portions eaten
from shared plates.”® The absence of a comprehensive
Cambodian-specific food composition database (FCD)
further limits any accurate evaluation of nutrient
adequacy of Khmer populations and specific age groups
within the population.?'~*?

Published studies about dietary intake in LMICs
often do not describe the dietary assessment methods
used in a comprehensive or systematic manner.”> Low
rigour and poor study quality limit generalisability of the
study findings and potentially can result in misleading
recommendations or inappropriate strategy implementa-
tion.”* Guidelines such as STROBE-nut® were devel-
oped to improve the global quality of nutrition
intervention reporting, and the European Micronutrients
Recommendations Aligned Network of Excellence
(EURRECA)?® tool is available for assessing the quality
of dietary intake validation studies.

Our recent scoping review included 100 food and
nutrition studies with Khmer living in Cambodia, of
which 42 involved a nutrition intervention, 76 were
dietary assessment studies and 18 involved both nutrition
intervention and assessment components.'> Two-thirds
(68%) of studies were conducted among WRA and young
children, and predominantly focused on malnutrition-
related issues and anaemia.'® Thirty-five dietary assess-
ment studies explored a specific dietary component
(vitamin A-rich foods, sugar-containing foods, snack
foods) or a single food such as rice or fish, rather than
having an overall or ‘whole diet’ focus. The review
provided a comprehensive overview of nutrition research
conducted in Cambodia to date, but the intentionally
broad inclusion criteria, diversity of primary outcomes
and variability in dietary assessment methods used
limited the comparison of outcomes between the
included studies. Additionally, characteristics relating
to dietary assessment methods and FCDs were not the
primary focus and so methodological quality was not
comprehensively investigated.

To better understand the dietary intake of Khmer
people living in Cambodia, in-depth analysis and
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synthesis of data and the methods used in dietary
assessment-specific studies were identified as an urgent
need for further informing future research. In particular,
there is a need for evidence relating to the relationships
between nutrition and health, as well as the reporting of
food and/or nutrient intakes at the individual level.?’

The primary aim of the current review was to
characterise food and/or nutrient intake outcomes and
associated dietary assessment methods in studies that
evaluated ‘whole diet” among Khmer people living in
Cambodia. A secondary aim was to evaluate the quality
of dietary assessment methods used in these individual-
level dietary intake studies.

METHODS

The initial search was conducted in May 2020, and an
updated search was performed in November 2021,
following the PRISMA-ScR protocol.”® The full search
strategy is described in Windus et al.'’ Briefly, five
databases (Medline, CINAHL, Embase, Cochrane
library and Scopus) were searched using specific key-
words related to nutrition, health, diet, food and
Cambodia. Grey literature searches included Google
Scholar and websites for Cambodian government and
several global health organisations.

After removing duplicates, each study was screened
by two reviewers by title and abstract, then full-text
articles were independently evaluated by two reviewers
against the inclusion/exclusion criteria. Conflicts at both
stages were resolved by a third reviewer. Studies were
included if they were conducted among Khmer people
living in Cambodia, and included dietary assessment,
which could be but was not limited to observation, self-
report or proxy surveys. Included papers reported
dietary intake at an individual level for the ‘whole diet’.
To be eligible as a ‘whole diet’, studies collected dietary
intake on nutrients and/or food groups that reflected a
complete dietary intake. Studies were excluded if they
collected partial dietary intake such as single specified
food items (e.g., rice, fish, sugar-containing snacks), one
food group (e.g., meats, complementary foods, breast-
milk substitutes) or foods rich in a single nutrient (e.g.,
vitamin A-rich foods). Qualitative studies and articles
pre-dating 1993 or in languages other than English or
Khmer were excluded. Studies were excluded if there was
only secondary data analysis (rather than primary data),
collected household-level intake, or they used indirect
methods such as food balance sheets. Studies that did not
report on the dietary assessment methods used or results
of dietary intake were also excluded. Screening of
included studies was conducted by two reviewers and
13 conflicts were resolved by discussion and consensus.

Data from included ‘whole diet’ dietary assessment
studies were extracted by the lead reviewer and checked
by a second reviewer. Extracted data included dietary
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assessment features/tools, validation status, nutrient or
food group intake measured, FCDs and nutrition
adequacy standards used. Dietary assessment methods
were categorised as ‘validated’” when the study indicated
use of a validated tool.

The EURRECA?® scoring system was selected as a
quality assessment tool as a result of applicability for
dietary assessment studies. Two reviewers independently
scored each study based on sampling, statistics, adminis-
tration, seasonality and supplements, with a score < 2.5
rated as ‘poor’, 2.5 to < 3.5 as ‘reasonable’, 3.5 to < 5.0
as ‘good’ and 5.0-7.0 as ‘very good’. Steps two and three
assess correlations of validation studies and thus were
not used.

RESULTS

The literature search identified 4109 titles, of which 293
full text articles were assessed for inclusion and a further
274 were excluded. Two hundred and fifty-five articles
were excluded based on study type, characteristics or
design, 35 were excluded because they did not report
intake of the ‘whole diet’, 12 studies did not use primary
data, seven studies collected household rather than
individual dietary intake, and eight did not fully
described the dietary assessment methods used
(Figure 1). Of the resulting 19 publications, seven
reported on the same three studies, and the remaining
12 publications were individual studies. Therefore, 15
studies were included in this review, with the publications
from the same study differentiated by the first author's
name and year.

Eight studies reported on nutrition interventions,
including three home food production interventions,*’ "
a local food-based supplement,®* iron and zinc supple-
ments,>> and a lunch provision study.*® Nine were cross-
sectional dietary intake assessment studies®’?:!1-18:37-40
and two reported on validation of a dietary assessment
tool.*142

Table 1 presents detailed characteristics and dietary
assessment features of the included studies. Participants
in nine studies were children under 5 years of age, six
studies included WRA, two studies involved school-age
children, one included adult women only and one study
in an adult population involved predominantly (63%)
women participants. Nine studies reported food group
intake, four reported nutrient intake and two reported
collecting both.

Dietary intake reported in studies that assessed
‘whole diet’ intake in Cambodia

Pooling of absolute dietary intakes by nutrient and/or
food group was not possible because of the variability in
the data collection and/or reporting and the small
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ELIGIBILITY
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Wrong study type (n=35)

Focus on single food'nutrient (n=35)
Wrong outcome (n=29)

No dietary assessment (n=26)

Review/trial register (n=24)

Studies using Secondary Data (n=12)
Wrong population (n=11)

DA methods description’data lacking (n=8)

Dietary Assessment articles
included in Review
n=19

INCLUDED

Studies of household/inferred intake (n=7)
Wrong study design (n=6)
Duplicate (n=3)

FIGURE 1
Khmer populations living in Cambodia. DA, dietary assessement

representation by each population subgroup. However, a
synthesis of the study data is summarised in Table 2.

Intakes spanning 20 nutrients were reported (see
Supporting information, Supplementary Tables SI and
S2). Vitamin A and iron were reported in all six studies,
with protein, calcium, zinc and energy also commonly
reported. Children's reported intakes of vitamin A
(151-353pug RE) and calcium (152-278 mg) varied
considerably between studies, whereas macronutrient
intakes were fairly consistent between studies. Reported
intakes were higher for school-age boys than girls, and
inconsistent variability was evident among WRA. In
studies that reported dietary or nutrient adequacy,
moderate to high proportions of children were
inadequate in vitamin A (45%-81%), iron (36%—78%),
calcium (76%-99%) and zinc (53%-92%), whereas
50%-89% WRA were inadequate in iron intake.

Eleven studies reported food group intakes, most
commonly as amounts in grams or proportion of
participants consuming it (see Supporting information,
Supplementary Table S3). The number of food groups
reported ranged from six to 33. Categorisation of food

PRISMA flow diagram of article identification and inclusion in review of dietary assessment individual-level whole diet studies in

groups was inconsistent between studies; for example,
vegetable groupings included vitamin A rich vegetables,
dark green leafy vegetables, other vegetables, white
tubers and roots, or combined fruit and vegetables (see
Supporting information, Table S4). Excluding breastmilk
for infants, cereals/grains were consistently the most
consumed food group by all population groups, followed
by flesh foods (such as meats, fish) and vegetables. High
intakes of snack foods among children from six months
old was evident, whereas younger children reported
higher intakes of milk/dairy than school-age children,
and WRA intakes varied widely. Fruit intake was
moderate across all groups, whereas condiments/spices
were a common diet component for WRA.

Of the eight studies of infants, four ac-
counted for breastmilk intake by applying estimated
quantities from World Health Organization,** according
to breastfeeding status (partial or exclusive) and age (up
to 12 months only). Bunthang er al.*’ reported breast-
feeding rates for exclusively breastfed infants under
6 months old, although they did not account for the
contribution of breastmilk to the nutrient intakes for

7,32-34,38
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(Continued)

TABLE 1

Dietary assessment features

S
i
2

DIETARY ASSESSMENT STUDIES CONDUCTED IN CAMBODIA

p—
BDA "=

Food composition
database (FCD)

Dietary intake: nutrients
or food groups (FG)

Population | Study

Study | Organisation |
Funding body |

Quality score

Addressing bias/error

Administration

Portion estimation

type | Year | DA method

¢ Tablets used

for data

collection

Abbreviations: 24 R, 24-h recall; 24-VASQ, 24-h vitamin A semi-quantitative; agric, agriculture; ASF, animal source foods; BFF, breastfeeding frequency; BM, breastmilk; CRCT, cluster randomised controlled trial; CSB,
corn-soy blend; DGL, dark green leafy (vegetables); DA, dietary assessment; EHFP, enhanced home food production; F&V, fruit and vegetables; FCD, food composition database; FFQ, food frequency questionnaire; FG, food

groups; FR, food record; HH, household; I&YC, infant and young children; IFP, infant feeding practices; MP, multiple pass; NBF, nonbreastfed; NEC, nutrition education and counselling; NI, nutrient intake; OAAs, other

aquatic animals; PBF, partial breastfed; RA, research assistant; R-WFR, retrospective weighed food record; SEA, southeast Asia; WRA, women of reproductive age. Nutrients: CHO, carbohydrate; vit A, vitamin A; vit C,

vitamin C; Ca, calcium; PO, phosphorus; Na, sodium; K, potassium; Fe, iron; Zn, zinc; Cu, copper.

children over 6 months of age. Reinbott e al.**® and the
Save the Children's Nourish project®' collected data on
breastfeeding practices for measuring intervention effec-
tiveness, and CDHS 2014° collected breastfeeding status
and duration data for tracking population behaviour,
although there was no reporting of nutrient intakes;
hence, they did not apply a breastmilk intake quantifica-
tion. Schiimann et al.*> did not consider breastfeeding in
their intervention study.

Dietary assessment methods

All but one study (n=14 studies) used 24-h recalls
(24 R),0-72: 111829343642 gy, studies used food frequency
questionnaires (FEQ),” 1829303542 and five studies reported
using another method, including weighed food records
(WFR) (n=4)""734 or food records (n = 1)."" Four studies
indicated collecting breastfeeding frequency data.®*!**37 Of
the studies that used 24-R, nine conducted a single
recall &7 1LI8293L3T40 ponr collected 2% 24-h re-
calls™*>334142 and two studies collected 3 x 24-h recalls.***
Four studies indicated wusing the multipass 24R
method,”****# including a fourth pass to record vitamin
and mineral supplements. Hanley-Cook compared a list-
based (19 food groups) 24 R against an open recall 24 R
method, showing higher intake trends with a list-based
method.*' Three 24 R studies indicated intentional recall
days selection, either all days of the week,” only weekdays,™
or scheduled non-consecutive weekdays and a weekend
day,*® whereas ‘non-normal eating’ days were excluded from
the data for two studies.'’

Seven studies combined a 24 R with another method,
either FFQ (n=3) 218293042 WER (5 = 4)737-3841
food record (n=1)."" Except for both Horiuchi ez a
and Hanley-Cook er al*' validation studies, these
combined methods aimed to enhance the 24 R data
collected by adding portion weights (WFR), feeding
patterns (observation), frequencies for usual intake or
calculating dietary diversity score (DDS).

The reporting period for FFQs varied, with two
studies capturing intake from over the past 7 days, >3
one over the past month** and one did not specify a
reference time.” Only Horiuchi ez al.** described the FFQ
development process, selecting 58 items from 24 R, and
10 frequency categories for all items except rice, which
used higher frequency categories.

Three studies’>**** indicated using the validated
dietary intake collection tool of Gibson and Ferguson.*’
Verbowski et al.**?? used the 24-h vitamin A semi-
questionnaire (24-VASQ) tool of De Pee er al*® for
baseline, which is not validated. Four studies®3"3%3¢
indicated that their data collection tool was based on the
Cambodian Demographic and Health Survey®, which
has been pretested and repeatedly used for the national
population survey; however, the dietary intake section
has not undergone validation and reproducibility testing.

1.42
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TABLE 2

Population group

Child< 5 years

School-age children
6-17 years old, male
and female

Women of
reproductive age

Adults

Nutrient intakes assessed

4 studies’-323437

—_

All used 24 R, 1* also collected BFF

7-14 nutrients reported

included energy, protein, vitamin A, calcium, iron
and zinc

Mean energy intake 2678-4067 kJ day™!

Mean protein intake range 17.6-31 g day ™,
increasing with age

Similar mean intakes for carbohydrate, thiamine,
riboflavin and iron across studies

Wider range for vitamin A, niacin, calcium and zinc
3 studies’*>* collected some V&M supps intake

study!11842

Used both 24 R and FFQ

Mean energy intake range 5151 kJ day ™' (6-year-old
girls) to 8715kJ day™! (16-17-year-old boys)
Intakes increase with age for vitamin A, iron,
calcium, vitamin C and zinc

Protein fairly consistent across age groups

Boys intakes higher than girls, especially protein
and energy

Intake from 24 R significantly higher than intake
from 58-item FFQ for energy and 4 nutrients

- 3233
2 studies>>3>37

—

Both studies used 24 R, 17 also used WFR, BFF
Similar mean nutrient intakes, except carbohydrate
Mean energy ranged from 6268 to 8268 kJ day™
Verbowski et al.>? Verbowski,> collected some
V&M supps intake at end of study only

study® (women only)

Used 24 R

Considerably lower medians for vitamin A (249 pg
RE) and iron (1.72 mg) than means reported by
Bunthang et al.”’ and Verbowski et al.,*
Verbowski **

UHND BDA == o1

Synthesis of dietary intake patterns by Khmer population group in dietary assessment study review.

Food intakes assessed

6 studies

6,29-31,35,37,38

5 used 24 R, 2 used FFQ, 2 also used WFR
Food groups range of 8-33

Highest intake from grain products and fish
Moderate intake of vegetables and snack foods.
For children < 2 years included complementary
foods, for example, formulated baby foods, infant
formula

2 studies included breastmilk as a food item
Vit A and iron supp intake reported (CDHS)®

31,38

2 studies! 1184042

4 studies

—_

Both used 24 R, 1 also used FFQ

MoH & FIDR study'® reported mean daily intake
(g); Yasuoka et al.*’ % consumption per food group
Highest consumption of staples/grains (650 g, 98%),
flesh/meat/fish (116 g, 98%), fruit and vegetables
(241 g, 72%-81%)

High intakes of confectionary (29 g day™!), sugars
(14 g day ') and beverages (89 g day™")

Proportion of daily consumption of junk food
(22%) and softdrink (12%); 54% children consume
no milk

31.36,37.41

All used 24 R, 2 WFR and 2 collected BFF
Consistent results; high intake of cereals (369 g), fish
(145 g) and vegetables (151 g)

Moderate intake of eggs, fruit, beverages

Low intake of dairy, white roots, organ meats,
legumes/nuts

Condiments and fats were prevalent

study’ (36% men and 64% women)

Used both 24 R and FFQ

Reported 100% participants consume rice daily
(average 823 g day ™), over 90% consume vegetables,
meat, fish, sugar and condiments.

Intakes generally higher for men except fruit,
confectionary, condiments

Higher intakes of most food items, except beverages
in wet season

Abbreviations: 24 R, 24-hour recall; FFQ, food frequency questionnaire; FG, food group; FR, food record; N, nutrient; WFR, weighed food record; BFF, breastfeeding
frequency; vit A, vitamin A; V&M supps, vitamin and mineral supplements.

Dietary assessment method features

household utensils volumes (r =

5)’7,1 1,18,32-34,37,42 food

All studies used an interview-assisted method of data
collection. Interviewers were field workers, health workers
or research assistants, the majority of whom reported having
received training from the primary investigators. All
interviewers were local Cambodian people fluent in Khmer
language and culture. Thirteen studies used traditional pen-
and-paper data collection, and three applied computer-
assisted data collections through use of a tablet.*'#*4!
Eight studies indicated using at least one tool for
estimating portion size. Tools included standard

models (n = 4)"3%23373 or food photos (n = 3).%!1:18.3842
Interviews conducted in participant's home incorporated
weighing estimated portions (n = 5)7>>3373841 or cali-
brated household utensils (n = 1).*>** Shared plate eating
was addressed by estimating proportion eaten from a
given recipe and weighed (n = 4).%-3%33:37:38
Randomisation methods included simple randomisa-
tion (n=1),%" cluster sampling (n=5),!"!8:29-30.32-35.42
computer-generated population representation (n=1)°
and convenience sampling (n = 3),”%*! with the remain-
ing five studies’?'2%%%4% recruited from lists of
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participants from programmes. Table 1 (column 5)
reports various techniques for reducing systematic errors
for each study, including pre-testing assessment tools
(n=8),011:18:2934.374142 calculating sample  size

-33,35,3 :
(n=7)0:11:18.31-33.35.364142 nd  quality control checks
8),6:29-34:36.37.41

during data collection and data entry (n =
Only Horiuchi et al.'' reported adjusting for over-and
under-reporting. Seasonal differences were accounted for
by duration of data collection over both wet (May to
October) and dry (November to April) seasons, evident
in five studies.®!!343

FCDs

Seven studies”!' 183234373942 qegeribed using a FCD for
calculation of nutrient intakes, whereas eight stud-
jes®?29 3133364041 that reported food group consumption
patterns did not analyse nutrient intakes and hence did not
use FCD. Nine different FCDs were used to calculate
nutrient intakes from dictary intake data collected. The
ASEAN FCD" (1746-item, 17 food groups, energy and
20 nutrients) was used in six studies,'!"18323437:3942 apq
three studies'"'****4? also used the 90-item SMILING
FCD (14 food groups, 19 nutrients, raw ingredients/foods)
developed for Cambodia.®® Additionally, tailored FCDs
were specially developed for three studies”!'"!%3334% draw-
ing items from ASEAN FCD, SMILING FCD, Thai FCD,
Vietnam FCD, Canada FCD and United States Department
of Agriculture (USDA) FCD.

Quality assessment

Critical appraisal of study quality was conducted using
the EURRECA tool*® and scores ranged from 2.0 to 5.5
(mean = 3.8, maximum = 7). Four publications achieved the
highest quality score of ‘very good’,***>*'*? nine were
‘good’,5% 111829733 five rated as ‘reasonable’”** ***° and one
was classified as ‘poor’.>® All but one publication (1= 16)
received a score for sample size over 100, and all scored for
interviewer-assisted data collection. Less than half the
publications accounted for seasonality in their data collec-
tion. 011183435 Seores for statistics reflected standard tests
for significance, whereas higher scoring publications (>4.5)
reported additional statistical analyses. Five publications
that measured supplement intake used prompts to assess

usage for supplements containing iron, zinc or vitamin
A 673234

DISCUSSION

Despite three decades focused on improving the health
and nutritional status of Khmer people to address
poverty-driven malnutrition, only 19 papers (15 studies)
have been published on individual-level dietary

assessment data from dietary intake studies in Cambo-
dia. To our knowledge, this review is the first to
synthesise published food and nutrient data and char-
acterise dietary assessment methods used in studies that
measured the ‘whole diet” of Khmer people living in
Cambodia. With strong public health policy and non-
government organisations focusing on maternal and
child nutrition in Cambodia,” it was not surprising that
all but one of the included studies were specific to infants,
children and women. The dietary assessment methods
used to collect dietary intake data were appropriate, but
it was not possible to consolidate data because of
heterogeneity in outcome measures. Reported food and
nutrient intakes of Khmer WRA and children were
generally low, although assessing dietary adequacy was
not an aim of this review.

Nutrient and food group intake in Cambodia

The low intakes of energy, protein, vitamin A, iron, zinc
and calcium reported for both WRA and children across
included studies were consistent with findings from
studies in other LMICs.**>° Although the nutrient intake
data were reasonable within and between studies,
synthesis of nutrient data was limited by the heterogene-
ity in nutrients reported, study characteristics, dietary
assessment and statistical analysis methods in the small
pool of included studies. Although some nutrient intake
variability within and between individuals is expected,”!
some variability could be partly attributable to differ-
ences in data collection method, FCD, seasonality, local
food supply and preparation methods.>* Seasonality as a
quality variable reflects the importance of capturing
micronutrient differences that vary across seasons, and
considering the distinct wet and dry seasons and
inadequate nutrient intakes, this is particularly vital for
Cambodia. Differences in specific nutrients may also be
partly attributable to each study's aims; for example,
studies assessing vitamin A intake would specifically
measure vitamin A-rich vegetables and fruits groups
using the tailored 24-VASQ tool.*¢

Intakes of protein foods, cereals and grains were high
and quite consistent between studies, reflecting Cambo-
dia's staple rice, soup and fish diet; however, intakes
reported for vegetables, snack foods, foods containing
sugar, condiments and beverages were inconsistent.
Different classifications of foods into food groups,
numbers of ‘groups’ of foods reported and differing
outcomes measuring dietary diversity or specific food
item intakes limited comparison of results between
studies. Seasonal differences in food intake were reported
by In et al.,” with higher intakes of rice, starchy roots and
vegetables in the wet season, and a higher consumption
of all beverages in dry season highlighting the impor-
tance of accounting for seasonality in dietary assessment
studies. Standardised data collection and reporting of
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food groups and nutrients between studies conducted in
Cambodia would result in a more robust dietary intake
data and facilitate examination of the relationships
between diet and health or disease in a range of
population groups.

Dietary assessment methodology, methods and
study quality

The prominence of the 24-h recall dietary assessment
method reflects its versatility for use in different contexts.
The standardised data collection approach but open
response options are not country-specific, whereas list
methods such as a FFQ require considerable adaptation
to match country-specific dietary patterns and contexts.”
Additionally, interviewer-administered 24-h recalls are
not literacy-dependent and are less burdensome for the
respondent,®’>* despite being more time-consuming and
resource intensive.”* It is likely that the use of single-day
24-h recalls contributed to variability of reported dietary
intake in included studies, with at least 3 days of dietary
intake and a four- or five-stage multiple-pass process
recommended for robust data.>*>> To further enhance
accuracy, multiple-pass methods need modifying to be
country-specific, with probes and prompts tailored to the
local food culture. Overall, methodological details for
24-h recall and FFQ methods were lacking, which limited
data generalisability of study findings.

Portion size estimation tools aim to reduce poten-
tially large measurement errors of quantifying food
portions by participants’*>; however, appropriateness
and validity of aids also need to be considered for dietary
assessment study objectives and participant type.”” With
all studies except one™ using portion estimation tools
that quantified nutrient intake, and the majority using a
combination of aids, it would appear the process of
estimating portions was appropriate. Individual-level
portion estimation is complicated by communal eating,
with specific methods to collect dietary intake from
shared plates needed for valid intake estimation.? It is
common in Cambodian households for meals to involve
multiple people portioning or eating food from one or
two central dishes (personal communication). Although
shared plate eating was not explicitly reported, studies
estimated the proportion consumed from mixed dishes
recipes or weighed an estimated portion retrospectively
during 24 R.”73%3337 Simple but effective methods for
collecting individual-level intake of mixed dishes from
shared plates would increase the accuracy of dietary
intake estimation in LMIC.*® Other approaches for
improving participant recall particularly for LMICs
include pre-recall day group training on portion size
estimation using picture charts, household items and
salted replica food models.’*>°

Dietary assessment is prone to systematic errors,
including risk of selection bias, observation and recall

UHND BDA == o1

biases. Strategies reported in included studies to reduce
systematic errors included randomisation methods to
reduce selection bias, statistical sampling, varying data
collection days, using different interviewers for repeat
recalls to mitigate recall bias**>* and excluding days of
non-normal intake to reduce risk of analytic errors.''*"
Using dietary assessment tools validated for use in the
LMIC context is another way to reduce systematic errors
in dietary intake data collection.”> The interactive
validated tool for assessing iron and zinc intake used in
three included studies was reported as validated for use
in developing nations,* although it has not been
validated for the Cambodian setting. Although tools
such as 24-VASQ*® and CDHS® had been pre-tested and
adjusted to the Cambodian context, none have been
systematically tested and validated against another ‘gold
standard” method.>®

Dietary intake data in all included studies were
collected by trained local Khmer interviewers. This is
likely to have enhanced data quality as personal inter-
views are reported to increase acceptability to the
interviewee and the accuracy and quality of data
collected,?® especially when conducted by locals with
their intrinsic understanding of cultural food and eating
patterns.”’ Although the Food and Agriculture Organi-
zation (FAO) recommends that nutritionists and dieti-
tians are preferred field workers in dietary assessment
studies,”’ there is limited formal training of nutrition
specialists in Cambodia. Until a reputable nutrition-
based education programme is established in Cambodia,
training suitably skilled Khmer workers to use study-
specific tools and administer interviews is more feasible
and appropriate than training foreign dietitians to speak
Khmer and recognise Cambodia foods, recipes and
cooking methods. In this review, quality control mea-
sures such as observation, checking data entry and pilot
testing were used to increase accuracy and reduce
systematic errors were reported in most studies.

The International Network of Food Data Systems
(INFOODS)*® was established in 1984 to address the
need for improved quality and availability of reliable
food composition data, but limited investment in FCD in
LMIC:s continues to be a major gap in dietary assessment
research.”> A comprehensive Cambodian-specific FCD
was not reported in any studies included in this review,
introducing substantial risk of systematic analysis errors.
Nutrient data for dietary intake analyses were reported
as being sourced from FCDs of other countries, not only
primarily South-East Asian, but also Western and
European countries. The FCD most accessed was
ASEAN, a 1746-item database of foods from five
neighbouring Asian countries developed in collaboration
with INFOODS.*” ASEAN contains very few mixed
dishes and no Cambodian-specific foods, and the absence
of Khmer translations limits application to Cambodian
studies. The versatility of the 90-item Khmer-specific
SMILING FCD is limited because it only contains
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individual raw ingredients, not cooked foods or mixed
dishes.*® Studies in this review either used ASEAN only
or both of these FCDs but also sourced items from Thai,
Vietnamese and USDA FCDs.

This review highlights that the risks of systematic
errors in dietary assessment are exacerbated in LMICs,
but can be mitigated by adapting evidence-based
approaches that suit the cultural context. This was
reinforced by the overall ‘good’ study quality rating of
included studies, with sample size and interviewer-
assisted data collection being well reported. Improve-
ments include accounting for seasonality in data collec-
tion, reporting of statistical analysis and reporting of
supplementation. The high weighting of supplements in
EURRECA reflects their considerable impact on micro-
nutrient intake and EURRECA's micronutrient
focus.?*® The only vitamin or mineral supplement
intakes reported in dietary assessment studies in this
review were iron,>* vitamin A and zinc supplements for
children,® as well as iron supplements for mothers.%'
Supplement intake was likely to be collected in studies
that used the multiple-pass method,”>***3? but nutrient
intakes from supplements were not clearly reported. The
quality of reporting and accuracy of micronutrient intake
in dietary assessment could be improved if supplement
intakes were routinely queried within assessment meth-
ods and incorporated, using prompts or probes such as
the multiple pass 24 R method.>*>

Limitations

The complexity of accurately assessing and analysing
dietary intake at an individual level in Cambodia
contributes to some of the limitations reported in this
review. It is also likely that the dietary assessment
methods and methodologies used in studies may have
been rigorous but were not fully or explicitly reported in
articles. Additional limitations are attributable to broad-
er societal and socio-demographic Khmer traits. For
example, Khmer people may misreport dietary intake if
they feel shame about eating certain foods or perceive
that their reported food intake will influence taxation or
provision of food supplies. Customs such as fasting, food
taboos, farming duties and seasonal differences impact
data collection planning and process. Local food habits
such as foraging, use of medicinal and home-grown
Cambodian foods and unique cultural recipes impact on
selection of appropriate items from FCDs. These
limitations need to be considered and accounted for,
where possible, in dietary assessment research in
Cambodia and other LMICs.*®

There are no tailored tools for measuring quality of
dietary assessment studies conducted in LMICs, despite
quality being identified as problematic.”* The EURRE-
CA study quality assessment tool chosen for this review
was selected from five possible tools scrutinised for

suitability. Tools were excluded if they were designed for
interventions only®!, were for FFQs only®?, were report-
ing on guidelines or were not recommended for apprais-
ing quality.”>®* Although the three-step EURRECA tool
was designed for validation studies, it was determined
that step one, consisting of scoring five variables, could
be applied to non-validation dietary assessment studies
as an indication of quality. The lack of suitable quality
assessment tools for dietary assessment studies highlights
an opportunity to develop one through expanding
EURRECA to add variables such as tool pretesting,
reference to a recognised FCD, study duration, quality
control measures and intake outcomes reported. This
comprehensive description of the methodology would
allow for study reproducibility and consolidation of
data. A draft checklist in the Supporting information
(Table S5) collates variables from these tools as a
suggested resource, requiring thorough testing and
validating in order to recommend it as a reliable tool.

Implications for future research

The current review has identified priority areas for
further research and development to facilitate improved
nutrition surveillance, policy planning and promotion in
Cambodia. With assistance from international dietary
assessment research groups, these recommendations
include:

1. Develop a best practice protocol for conducting
dietary assessment studies that is appropriate for the
Cambodian context with the first step being to review
current guidelines for conducting dietary assessment
studies from reputable sources,*->!>%3%:38:64 then
making adjustments for the specific cultural context
in Cambodia. A companion checklist for assessing
quality of future studies could also be developed.

2. Establish a core minimum data set for reporting
dietary intake, including data that are accessible to the
wider Asian and international community. Referring
to STROBE-nut guidelines would improve standards
of reporting,” and FAO/WHO's Global Individual
Food Consumption Tool (GIFT) would address data
access.®’

3. Establish a Cambodian-specific FCD or expand the
existing ASEAN FCD to include commonly con-
sumed food items from different Asian countries or
cuisine types, particularly mixed dishes and fortified
condiments and sauces.

4. Train and support a workforce of local nutritionists
or nutrition researchers to conduct dietary assessment
studies and analyse data at an international standard,
at the same time as advocating at a national level for
maximum policy impact.

5. Use the resources from points (1) to (4) to establish a
national nutrition surveillance programme for all
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Cambodian population groups (infants, children,
adolescents, pregnant women, men and women adults
and older-aged adults). This could be incorporated
into the 5-yearly CDHS, along with a substudy for
validation of tools of specific population groups or
key problem nutrients.

6. Generate opportunities for global agency partners to
support (funds and expertise) these high-cost strategic
initiatives, collaboratively guiding and building capac-
ity with Cambodian professionals.

CONCLUSIONS

Population dietary and nutrient intakes in Cambodia
remain suboptimal despite considerable and intentional
efforts, particularly towards improving micronutrient
intake and preventing malnutrition. This review has
identified that global agencies with international dietary
assessment expertise need to align or partner with
government policy and honour country-specific cultural
contexts to facilitate collection and analysis of dietary
intake data in LMICs such as Cambodia. Individual-
level dietary assessment could be strengthened by
standardised reporting, use of consistent nutrient and
food group measures, developing a Cambodia-specific
FCD, having a competent trained nutrition research
workforce, and productive global support and funding.
Accurate, specific dietary intake data would inform
future nutrition interventions, policy and nutrition
surveillance in Cambodia as a key strategy to target
improvement in population level nutrition-related health
and wellbeing.
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