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A cross-sectional study was undertaken in Kosrae, Federated States of
Micronesia to assess preschool children and caretaker dietary intake of
vitamin A (VA) (including provitamin A carotenoids) and other nutrients
contributing to VA status and to investigate relationships between VA intake
and factors affecting dietary intake. Ethnography, food sample analysis, two
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dietary assessment methods (7-day food frequency questionnaire and quan-
titative 24-hour recall for three nonconsecutive days) administered by
trained interviewers to a random sample group, and cultivar difference spec-
ification (yellow-fleshed versus white-fleshed bananas) contributed to the
richness of the study. Vitamin A intake was low, approximately half of the
estimated requirements for children (n = 65) and caretakers (n = 65),
whereas protein intake was high. There were no clear significant relation-
ships associated with gender, caretaker education, caretaker occupation, and
socio-economic status with VA intake, indicating that a broad-based inter-
vention over all population segments is needed to change dietary behavior.
The ethnographic approach was critical for survey instrument development
and data analysis.

KEYWORDS dietary assessment, vitamin A, provitamin A carotenoids,
preschool children, women, ethnography, food frequency questionnaire, 24-hour
recall, Micronesia

INTRODUCTION

Vitamin A deficiency is a major public health problem among children
and women in developing countries (WHO, 1995; McLaren and Frigg,
2001). Whereas inadequate diets and high rates of infection are well-
recognized as causes of vitamin A deficiency, there are limited data on
the patterns and determinants of dietary intake of different sources of
vitamin A (VA) (Ramakrishnan et al., 1999). Animal sources of VA itself
(retinol, a fat-soluble vitamin stored in the liver) include liver, egg, and
milk. Provitamin A carotenoids, which may be converted to VA in the
body, are mostly obtained from plant sources, such as yellow and orange-
colored fruits and vegetables and dark green leafy vegetables (McLaren
and Frigg, 2001).

Assessment of dietary VA intake is difficult for many reasons. For
example, some VA-rich foods, such as liver, contain high levels but are
infrequently consumed, leading to great day-to-day variability of VA
intake. Thus, a greater number of days are needed to calculate usual
intake compared to most other nutrients (Basiotis et al., 1987; Beaton
et al., 1983; Nelson et al., 1989). Some regions have foods with unknown
VA and other nutrient content, pointing to the need for doing nutrient
analysis of locally available foods, especially when working cross culturally
and in communities where diets may be significantly different from those
that commonly form the basis for developing nutrition education and
intervention programs. Nutrient analysis may also be needed to determine
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the impact of processing or ripening that is specific for a particular region.
There are difficulties using food composition tables for calculating
dietary VA intake. The use of different languages and nomenclature for
identifying items, discrepancies in nutrient values, and inadequate infor-
mation on sampling and analyses make it difficult to determine whether
differences are due to natural and/or analytical variation (Kuhnlein and
Pelto, 1997). There are great differences in the biological utilization of
provitamin A carotenoid-rich items (Institute of Medicine, 2001), which
are not reflected in food tables.

The Helen Keller International (HKI) Food Frequency Method (FFM)
was developed as an innovative method to assess community risk of VA defi-
ciency among children from 1 to 5 years of age (Rosen et al., 1993). It uses a
7-day food frequency questionnaire (FFQ), capturing dietary variety over a
7-day period. As specific amounts of food consumed are not collected, the
HKI FFQ has the advantage of being easier to use than quantitative dietary
assessment methods. The caretaker is asked about the number of days in the
last 7 days that the child ate the listed foods (28 food items are listed) (Rosen
et al., 1993). Community scores are calculated for animal VA and total VA
sources.! Although data on amounts eaten are not collected, the HKI FFQ
is semi-quantitative in that only foods providing about 100 Retinol Equiva-
lents (RE?) per 100 g are included in the scores. The HKI FFM was shown
valid for identifying VA deficiency in a few countries, although it had a high
false positive rate (Sloan et al., 1997). Critics showed that it may underesti-
mate VA intake if sustained breastfeeding is common and if milk is a normal
dietary component, as neither breast or other milk is reflected in the scores
(Persson et al., 1998, 1999). Due to findings that provitamin A carotenoid
bioavailability is less than was once thought, the method of calculating the
score now no longer reflects current conversion factors® (de Pee et al., 1998;
Institute of Medicine, 2001).

'An individual HKI FFQ animal score reflects the number of days eating animal
sources of VA. An individual total score equals the animal score plus the number of days
eating plant sources of VA divided by 6 (reflecting conversion of provitamin A carotenoids
to VA). Community animal and total scores are calculated by averaging the individual
animal and total scores.

ZRE is a unit quantifying VA activity in foods, referring to 1 pg all-trans-retinol (VA).
The RE is defined as equivalent to 6 g of dietary all-trans-3-carotene.

3The Retinol Activity Equivalent unit was recently recommended for quantifying VA
activity in foods and is equivalent to 12 pg of dietary all-trans-B-carotene. However, the RE
is still used in food composition tables.
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Vitamin A intake may also be underestimated in dietary assessments
if cultivar differences are ignored. Recent analyses reveal a great range in
provitamin A carotenoid content in ripe banana, giant swamp taro,
breadfruit, and pandanus cultivars, some containing high levels (Englberger
et al., 2003b, 2003a, 2003d). In most of these foods, a yellow- or orange-
colored edible flesh was a good carotenoid content indicator. Many
banana (including plantain) varieties in the world have yellow- or orange-
fleshed edible flesh (Englberger et al., 2003c; INIBAP, 2003). Some are
documented as carotenoid-rich in certain food composition tables
(Puwastien et al., 1999; Siong, 1985; Abdon and del Rosario, 1980). Yet,
dietary studies in these regions have generally considered bananas as all
having a low carotenoid content (Nimsakul et al., 1994; Sloan et al.,
1997; Tarwotjo et al., 1982). Or, they do not specify whether yellow-
fleshed banana cultivars are included in the yellow VA-rich fruits group
or not (Mele et al., 1991; Solon et al., 1978). On the other hand, an
Indonesian study identified Pisang Raja banana as one of the 47 foods
contributing most of the VA to the diet of 265 preschool children
(Humphrey et al., 2000).

Carotenoid levels in food increase with greater maturity and ripeness
(Rodriguez-Amaya, 1997). Bananas are similar to papaya and mango
(and in the Pacific, breadfruit) in that they are eaten green and in the
half-ripe and ripe stages. Thus, if these foods are included as potential
VA-rich foods on an FFQ assessing VA intake, the maturity at which
these foods were eaten must be specified in order to provide a valid
dietary assessment instrument.

In March 2000, a randomized population-based study was carried
out in Kosrae, Federated States of Micronesia (FSM), identifying a
serious problem of VA deficiency based on low serum retinol measure-
ments among preschool children and their female caretakers (Centers for
Disease Control and Prevention, 2001; Sowell et al., 2000). There were
no reported cases of night blindness or other VA deficiency disorder
among children, although some Kosrae mothers reported night blindness
in the last pregnancy (questioning was difficult due to the lack of termi-
nology and understanding of night blindness). Although a dietary assess-
ment was made using a modified HKI FFQ (Englberger et al., 2001),
there were no data in this earlier study assessing the diet in relationship
to estimated requirements and determinants of dietary intake. Thus, the
aims of the study reported here were to: 1) develop an appropriate tool
for measuring and monitoring dietary VA among preschool children in



VITAMIN A INTAKES IN KOSRAE 311

Kosrae, FSM and their caretakers; 2) assess and describe dietary VA
intake for children and women; and 3) investigate relationships between
dietary intake and factors influencing it.

STUDY SITE AND RESEARCH METHODS

The study, using a variety of methods, was carried out in Kosrae and
Pohnpei, two of the four FSM states. Many of the foods of the two
islands are similar. Kosrae consists of a single island state. Pohnpei, the
seat of the FSM national government, consists of a main island, also
called Pohnpei, and several outer islands. Many Kosraeans live in
Pohnpei (main island).

The primary data collection of this cross-sectional food habits study
was carried out in Kosrae, using a randomly selected subsample of the
group that participated in the 2000 survey assessing prevalence of VA
deficiency. Only one child per family (aged 24-59 months) was selected
in the previous survey in order to maximize variation in diet and other
characteristics. Further details of the sampling method are described
elsewhere (Centers for Disease Control and Prevention, 2001). In order
to develop a more complete picture of the usual diet, two dietary assess-
ment methods were used: a 7-day FFQ and repeated, nonconsecutive,
quantitative 24-hour recalls. Both used face-to-face interviews by trained
interviewers from the local population who were familiar with the foods,
customs, and language (Figure 1).

Of the 282 children participating in the 2000 dietary study (Englberger
et al., 2001), there were 267 on the island at the time of the present study
and along with their caretakers, all participated as subjects for the FFQ.
All but one of the caretakers were female. The exception was the father
of one child. For the 24-hour recall, a subsample (65 children and 65
female caretakers) was selected using the same sample list, which was
organized by location (by the four municipalities of the island, also called
villages). A coin was tossed as to whether the first or second person on
the list would be selected, and then every fourth child was selected, pro-
viding a random and representative sample. Child dietary intakes were
obtained from the caretakers.

The study was approved by the FSM National Health Research
Committee, the Kosrae State Department of Health, and The Univer-
sity of Queensland Medical Research Ethics Committee. Verbal
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Figure 1. A trained local Kosraean interviewer (right) conducts interview with a survey
participant (left), using standard items to assist in estimating quantities of foods and drinks
consumed.

informed consent was obtained from the families involved prior to their
participation.

Ethnography and Food Sample Analysis

Ethnographic fieldwork, survey instrument development, and sample
collection for nutrient analysis were carried out from September 2000 to
February 2002 in Kosrae and Pohnpei. The study used observation, key
informant interviews, informal focus group discussions, expert informant
and literature reviews, market surveys, and photography, following methods
described from guidelines developed for studies of this type (Blum et al.,
1997; Fitzgerald, 1997; Miles and Huberman, 1994). The key informants
included people from different ages (17 to 86 years), occupations (including
students, farmers, housewives, nongovernmental and governmental officers),
islands, and areas of the islands selected purposively for information-rich
cases, in total, formally interviewing 91 male and 55 female informants.
The interviews focused on description of the foods and food cultivars,
coloration of the edible portion, stage of maturity that the foods were
eaten, and differences in food consumption patterns between children
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and adults. As informants were interviewed other people often became
interested and joined the discussion, resulting in informal focus group
discussions.

The expert informant and literature reviews included contacting
three Pacific e-mail networks—PACNUT (Pacific Nutrition Network),
RootcropsNet, and PestNet, and the Food and Agriculture Organization
(FAO)-based International Network of Food Data Systems (INFOODS)
network for information on previous analysis of local foods, including
different species of fish liver. The information was used for considering
which foods to analyze and assess from the dietary intake data. Selected
foods with potential for high nutrient content (i.e., using coloration of the
edible portion as an indicator of carotenoid content) and no previous
documentation of analysis were collected, prepared for analysis, and
transported to two primary laboratories where the analyses were conducted
(Englberger et al., 2003a, 2003b, 2003d). A focus was on carotenoid and
retinol content.

Market surveys were conducted for documenting VA content from
labels of commonly eaten imported foods and identifying VA-fortified
shop foods. These data were used to develop the FFQ and assist in
matching foods of the dietary intake with entries in the food composition
database.

Food Frequency Questionnaire and 24-Hour Recall

Using the ethnographic data, the 7-day FFQ used in the 2000 dietary
study, which had been modified from the HKI FFQ, was modified
further (Englberger, 2003). For example, informants stressed that child
diets differed from adult diets. Thus, the FFQ was changed to include
data on caretaker intake. Separate food item categories were created for
banana and breadfruit at different maturity stages. In all, the FFQ
included 34 food items (recording number of days eaten) and 75 sub-
items (whether eaten or not). Selected sub-items making up particular
food item categories were listed, including yellow banana cultivars. The
intention was to include categories of foods containing about 100 RE per

“Types of dark green leafy vegetables, seafood egg/crab ovary, fish/seafood, tinned
fish, tinned meat, non-yellow-fleshed and yellow-fleshed banana cultivars were listed as
sub-items within the FFQ food item categories. Giant swamp taro and breadfruit cultivars
were not listed as the ethnographic study showed them difficult to identify.
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100 g according to the original HKI FFM, or as in the case of the non-
yellow banana cultivars and different types of protein foods, to list the
commonly eaten foods for that category. In pretesting the questionnaire, this
was shown to assist interviewers in probing and standardization. Also,
this allowed the collection of data on consumption of these sub-items.
Interviewers recorded if the child was breastfed. Wheat flour, sugar-rich
foods, and imported fats, such as shortening and oil, were not included
in the FFQ in order to focus on VA-related items and avoid subject
burden.

Data on local carbohydrate foods eaten at different maturity stages,
such as green and ripe breadfruit, and green, half-ripe, and ripe banana,
were recorded as separate items. Vitamin A-fortified margarine and butter
were grouped (participants did not distinguish between the two). Ramen
(instant noodles), which could be a possible vehicle for VA fortification,
was included as a separate item in order to obtain information on its con-
sumption. Through the market survey, one VA-fortified ramen brand was
identified and interviewers showed samples to participants to inquire
about its consumption.

In preparing for the 24-hour recall over 100 commonly eaten food
items were measured in standard measures (cups, teaspoons, serving
spoons, size in inches) and common portion sizes (large and small) and
weighed, using a Soehnle digital kitchen scale (measuring in 1 g divisions).
These results were itemized in a standard portion size list for use by
interviewers. Recipes of common dishes were recorded. Food photo-
graphs were made for the interviewers for using as tools to help identify
yellow-fleshed banana cultivars and other foods and identifying rare
cultivars (Figure 2). Photographs were also made of common portion
sizes of weighed foods for improving interviewer estimates of quantities
of foods eaten (Figure 3).

During pretesting, informants indicated that the question on
family income, which may be related to dietary intake, would not be
culturally appropriate, may arouse suspicion among survey partici-
pants, and may not be known by the caretaker. Based on informant
suggestions, this question was replaced with seven questions about
items that might indicate family wealth and food supply. Also caretak-
ers were asked about the number of years of schooling that they had
had. Owning a car was the most important indicator of wealth among
the items and was assigned a weight of three points. All other items
were given a weight of one: the caretaker having 12 or more years of
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Figure 2. A peeled deep yellow-fleshed Kosrae banana, Usr Wac, (right) is compared to a
light-fleshed banana, Usr Apact Fusus (left).

Figure 3. Common portion sizes of foods were weighed, measured, and photographed to
assist interviewers in estimating the quantities of foods consumed.
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schooling, the family having land, electricity, a freezer, refrigerator,
electric stove, telephone, and a car. The maximum possible score was
10 points.

Draft survey instruments were pretested and revised before print-
ing by reviewing questions with government officers and community
people. The questions that provided the most relevant information
and were culturally sensitive were selected and reworded if necessary.
The interviewers interviewed one another to ensure that questions
were understood, timing an interview to take 1 hour. Questions were
presented in English on the forms but were asked in the local lan-
guage. This was for three reasons: questions were more precise in
English due to the limited vocabulary of the local languages, inter-
viewers were fluent in English and the local languages, and there was
more than one local language (Kosraean and Pohnpeian). Three days
of interviewer training were provided on how to administer the
questionnaires, estimate portion sizes, and probe for responses. Five
practice interviews (not a part of the study) per interviewer were
conducted.

The FFQ along with a structured questionnaire providing information
on subject characteristics that might influence dietary intake, including
education and occupation, was administered in a 2-week time period in
March 2001. The three 24-hour recalls were conducted in May, July, and
September 2001, to cover different seasons, in and out of the breadfruit
season, excluding weekend days. Most survey participants came to the
government health clinics for the interviews (Lelu, Malem, Tafunsak,
and Utwe); some home interviews were conducted, including those in
Walung, an area only accessible at the time by boat. A standard 24-hour
recall protocol was followed, asking for the exact food and drink intake
in the last 24 hours and recording time, place, description, and amounts
of that which was consumed, including any food supplements (Gibson,
1993).

The primary author checked the forms before carectakers left the
survey location. Interviewers were monitored throughout the survey to
ensure standard interview methods. Form errors, omissions, and incon-
sistencies were corrected during the survey. Unusual results were verified
with the interviewers and sometimes participants were again contacted.
Inquiries were made to relatives and those with details on children’s diets
for details about foods and drinks that children consumed at times spent
away from the primary caretaker.
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Data Analysis

The field notes and other data from the ethnographic study were analyzed
continually throughout the quantitative survey instrument development and
collection and analysis of the quantitative data. Food items for both the
7-day FFQ and the repeated 24-hour recall were analyzed for the frequency
(number of days) that items were consumed within the study period. Data
were entered into Excel by the primary author and checked by rereading
data entry, assisted by interviewers. The quantitative recall data were entered
into FoodWorks 2.10.136 of Xyris Software (Australia). An appropriate
database was chosen for matching with intake items (Dignan et al., 1994).
A coding list was kept to record the match selected to standardize data entry.
The focus was on measuring intake of total VA, retinol, B-carotene equiva-
lents (directly relating to VA status), protein, energy, and fat (indirectly relat-
ing to VA status, absorption of VA-rich foods, VA metabolism, and overall
energy). Twelve foods were entered into the database using content of pg
B-carotene equivalents or pig retinol determined in the laboratory analyses
associated with this study (different cultivars of banana, breadfruit, giant
swamp taro, pandanus, and different species of fish liver) (Englberger, 2003).
Sixteen recipes were entered. Imported foods labeled with high or negligible
VA content were matched with a database item of similar VA content. Final
statistical analysis was undertaken using SPSS version 10.0 statistical software.
Differences in means were tested by the Student’s #-test and paired sample
t-test for two-group comparisons and by analysis of variance for multiple
group comparisons. General linear modeling was used to adjust for the
potential confounding variables of age and gender in comparison to
means of dietary intake. Spearman’s rank correlation coefficients were
calculated to measure the strength of association between the rankings of
frequency of consumption of individual foods from the 7-day FFQ and the
three 24-hour recalls. Pearson’s correlation coefficients were calculated to
measure the strength of associations between continuous variables. The
chi-squared test of association and Fisher exact test (for unexpected cell
values less than five) measured the strength of associations between cate-
gorical variables. All p values were based on two-tailed tests.

RESULTS

Table 1 presents characteristics of the primary sample group and the
subsample. There were no important differences between the two
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Table 1. Characteristics of the study population

Characteristics 7-Day FFQ! Sample 24-Hour Recall?
n (%)* Sub-Sample n (%)}
CHILD
Gender: Male 136 (51) 36 (55)
Female 131 (49) 29 (45)
Age group
29-47 months 87 (33) 17 (26)
48-59 months 91 (34) 23 (35)
60-78 months 89 (33) 25 (39)
Age in months, mean * sd* 5410 5510
CARETAKER
Gender: Male 1(0.4) 0(0)
Female 266 (99.6) 65 (100)
Age group
17-29 years 93 (35) 25 (38)
30-39 years 99 (37) 19 (29)
40-49 years 49 (18) 15 (23)
50-74 years 26 (10) 6(9)
Age in years, mean * sd 35+10 35+10
Level of education
0-6 years 18 (7) 3(5)
7-9 years 80 (30) 19 (29)
10-12 years 122 (46) 34 (52)
Over 12 years 47 (18) 9 (14)
Number of years of school, mean * sd 10+3 10+3
Relationship to child
Mother or adopted mother 212 (79) 49 (75)
Father 1(0.4) 0(0)
Other 54 (20) 16 (25)
Employed 88 (33) 22 (34)
Ethnicity
Kosraean 258 (97) 63 (97)
Other (Pohnpeian, Marshallese) 9(3) 2(3)
Location of residence on the island®
Utwe 41 (15) 8 (12)
Malem 50 (19) 13 (20)
Lelu 84 (32) 19 (29)
Tafunsak® 92 (35) 25 (39)
Most fresh produce from own land 252 (94) 60 (92)
Lives in own house 190 (71) 42 (65)
Has electricity 261 (98) 65 (100)
Has telephone 240 (90) 56 (86)

Has car 208 (78) 48 (74)
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Tablel. Continued

Characteristics 7-Day FFQ! Sample 24-Hour Recall?
n (%)? Sub-Sample n (%)?

Family kitchen equipment

Has kerosene stove 247 (93) 61 (94)
Has rice cooker 193 (72) 49 (75)
Has electric stove 54 (20) 13 (20)
Has freezer 173 (65) 45 (69)
Has refrigerator 88 (33) 21 (32)
Family SES score, mean + sd 6.51£1.8 6.35+1.8

17.day FFQ in March 2001, n=267

224-hour recall, May, July, Oct 2001. n=65 or 64/month
3Number and percentages, unless otherwise indicated.
4Standard deviation

3Grouped by municipality

Tafunsak also includes Walung village

groups. None of the people approached refused to participate. Ini-
tially, some participants expressed concern as to why they had been
selected and indicated that there was stigma associated with VA
deficiency. However, after it was explained that they had been
selected randomly, not on the basis of diet or health status, all were
willing to participate.

The main dietary components reported in the two dietary assess-
ments included imported products of rice, flour, chicken, other meats,
and tinned fish, and local products of breadfruit, banana, taro, fish, and
other seafood, with few fruits and vegetables. Caretakers reported no con-
sumption of vitamin or mineral supplements and no alcohol (which is likely
as Kosrae women do not commonly consume these), and they also reported
no supplement intake by children (which is likely as supplements are not
readily available and taking them is not a common cultural practice).’

7-Day Food Frequency Questionnaire

Rice (imported) was by far the most frequently eaten carbohydrate food
(Table 2). A small percentage (33%) of children ate locally grown

SSince this study was done, a VA supplementation program has been initiated for
preschool children through the Kosrae Department of Health, as supported by the FSM
national government and the United Nations Children's Fund.
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carbohydrate foods on 7 days, whereas 95% of the children consumed
rice on 7 of these days. Caretakers consumed local carbohydrate foods
somewhat more frequently, but still rice was eaten very frequently.
Ramen was frequently eaten by children and caretakers, but only two

Table 2. Reported frequency of consumption of selected food items by children and

caretakers in the 7-day FFQ

Children' Caretakers'
Food Item? 0 days 1-2 days 3-7 days 0days 1-2days 3-7 days
Carbohydrate
Rice 0 0 100 1 1 99
Local crops, as a group® 3 24 73 1 22 76
Breadfruit, green 13 54 33 10 54 36
Banana, ripe non-yellow 30 32 38 31 33 36
Ramen 25 46 29 26 45 29
Banana, half-ripe 57 23 20 56 24 20
Banana, green 62 23 16 57 27 17
Banana, ripe, yellow 62 12 11 78 12 10
Taro, giant swamp 60 37 4 51 43 5
Breadfruit, ripe 81 14 5 81 15 5
Cassava, yam, sweet 80 18 2 88 20 2
potato4
Taro, common 77 23 1 72 28 1
Selected high-fat food
Non-coconut, non-dairy’ 7 18 75 7 17 76
Mature coconut® 6 45 50 6 44 51
Butter, margarine 64 16 21 63 16 21
Protein
Meat, not tinned’ 2 11 87 2 11 88
Fish, seafood, not tinned® 3 23 74 3 21 76
Milk’ 15 21 64 17 21 62
Fish, tinned'’ 30 46 24 29 47 24
Egg of chicken with yolk 39 35 26 44 32 24
Meat, tinned'! 42 44 14 42 45 13
Egg of fish, or crab ovary 77 16 8 69 23 8
Liver, fish 91 7 2 82 15 3
Liver, meat'? 95 3 2 90 7 3
Fruit and vegetable
Tangerine or orange 5 39 56 6 42 52
Dark green leafy 52 31 18 50 32 18
vegetable'?
Papaya, ripe 59 33 8 60 33 7
Pandanus 77 17 6 78 16 6
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Table2. Continued

Children' Caretakers'
Mango, ripe 87 8 5 89 8 4
False durian (Pangium 99 1 0 99 1 0
edule)
Pumpkin, fresh or tinned 99 1 0 99 1 0

'n= 267 in March 2001. Values are percentages.

’Fermented breadfruit, yellow sweet potato, and sea urchin were other items on the
questionnaire, but these were not reported by any subject.

Includes any breadfruit, banana, taro, and other root crops.

“Includes non-yellow fleshed sweet potato cultivars.

SIncludes fried foods, gravy, curry, and turkey tail.

®Includes any food made with mature coconut or coconut cream.

"Includes chicken, pork, beef, dog.

8Includes reef and pelagic fish (including tuna), crab, turtle, lobster, eel, octopus, shellfish.

Includes evaporated, condensed, heat-treated, powdered milk.

O1ncludes tinned mackerel, sardine, tuna.

Tncludes corned beef, spam, beef stew, sausage.

2Includes liver of chicken, pork, or dog.

BIncludes Chinese cabbage, pepper leaves, kang kong, pele, and a few reports of tinned
mixed vegetable and carrots.

caretakers (0.7%) reported eating the fortified ramen. Taiwang (Figure 4)
was found to be the most commonly consumed of the carotenoid-rich
banana cultivars. However, many caretakers also revealed that they
believed that eating Taiwang banana would cause a worm infection.
Breadfruit (Figure 5) at the green mature stage was the most frequently
eaten local carbohydrate food, but banana and giant swamp taro were
also commonly eaten.

Foods providing fat, such as coconut products and imported oils,
were frequently eaten, but butter and margarine, both VA-rich, were not.
Most participants ate protein items each day, often at three or more
meals. The most frequently consumed protein food was imported
chicken (frozen), closely followed by local fish. Milk (an imported prod-
uct in FSM), if consumed, was primarily diluted. Only three children (all
over 24 months old) were still breastfed, and they were breastfed only
once a day.

A significantly greater number of caretakers consumed liver on at
least 1 day out of 7 days compared to the children, (p < 0.01 for fish liver
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Figure 4. Taiwang banana (left), with its yellow edible flesh, compared to a common
Kosrae light-fleshed banana (right).

and p < 0.05 for pork and chicken liver). Caretakers explained that they
did not know that it was important to give liver to children. Informants
also explained that a certain reef fish liver is (Figure 6) especially liked
for its good taste and may be eaten raw by whoever is cleaning the fish.
However, informants also explained that tuna fish liver is often not avail-
able as it is discarded before marketing. More caretakers, compared to
children, consumed giant swamp taro (difference reaching significance),
this was partly related to the hard texture.

24-Hour Recall

Table 3 presents the frequency of foods consumed in the 24-hour
recalls, with foods grouped similarly as to the FFQ. The results
showed a similar pattern as that seen in the results of the FFQ, but
provided a fuller view of the diet. Marked differences were seen
between the child and caretaker intake of local carbohydrates as a
group, and individually for breadfruit, green banana, and giant
swamp taro.
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Table 3. Reported frequency of consumption of selected food items by children and
caretakers in the three 24-hour recalls

Children' Caretakers?
Food Item 0days 1day 2days 3days 0days 1day 2days 3 days
Carbohydrate
Rice 0 0 0 100 0 2 9 89
Sugar® 0 0 20 80 0 3 11 86
Local crops, as a group* 17 46 28 9 2 22 31 46
Flour, wheat® 5 15 29 51 9 22 26 43
Ramen 40 37 20 3 43 35 17 5
Banana, ripe non-yellow® 26 60 14 0 23 11 29 3
Banana, green 80 17 3 0 54 38 5 3
Breadfruit, any kind 65 34 2 0 20 75 5 0
Banana, ripe, yellow’ 92 6 2 0 92 6 2 0
Taro, giant swamp 92 8 0 0 75 22 3 0
Taro, common 92 8 0 0 88 11 2 0
Cassava, yam, sweet 94 6 0 0 92 8 0 0
potato8
Selected high-fat food
Non-coconut, non-dairy’ 0 2 9 89 0 0 11 89
Mature coconut'® 62 31 6 2 40 35 22 3
Butter or margarine 94 6 0 0 86 14 0
Protein, any kind 0 0 5 95 0 0 2 99
Meat, not tinned"' 317 40 40 2 22 42 35
Fish, seafood, 20 32 32 15 6 29 49 15
not tinned'?
Milk'? 26 34 26 14 34 40 19 8
Egg of chicken with yolk 66 22 9 3 62 26 8 5
Fish, tinned' 37 46 12 5 34 46 19 2
Meat, tinned's 48 42 9 2 62 34 3 2
Cheese 94 6 0 0 94 6 0 0
Liver, fish 100 0 0 0 91 9 0 0
Egg of fish, or crab 100 0 0 0 100 0 0 0
ovary
Fruits and vegetables
Any fruit 15 37 35 12 29 31 23 17
Any vegetable 25 62 11 3 32 45 20 3
Tangerine or orange 55 34 9 2 71 14 12 3
Dark green leafy 75 23 2 0 68 32 0 0
vegetable'®
Tinned mixed vegetable 79 19 3 0 83 12 5 0
Lettuce, eggplant, 72 28 0 0 79 17 5 0

other!”
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Table 3. Continued

Children! Caretakers?
Mango, ripe 88 12 0 0 86 12 2 0
Papaya, ripe 91 9 0 0 91 9 0 0

Pandanus 95 3 2 0 99 11 0 0

Note: These foods consumed in the 24-hour recall (weekdays only) were grouped to
match the categories of the 7-day FFQ in Table II for comparison purposes.

'n=65 in May, October 2001 and n=64 in July 2001. Values are percentages.

2n=65 in May, July 2001 and n=64 in October 2001. Values are percentages.

3Includes sugar, sweet drink, candy, ice cream, any food with sugar.

“Includes any breadfruit, banana, taro, or other root crops.

SIncludes bun, doughnut, pancake, bread, all wheat products but ramen. All are from
white refined flour.

®Includes Usr Kufafa, Apat Fusus, Apat Regular, Fiji.

"Includes Usr Tt aiwang, Lakatan.

8Includes nonyellow fleshed sweet potato.

Includes fried food, gravy, curry, and turkey tail.

YIncludes food made with mature coconut or coconut cream.

Tncludes chicken, pork, beef.

21ncludes reef and pelagic fish, crab, turtle, lobster, eel, shellfish.

BIncludes evaporated, condensed, heat-treated, powdered milk.

4Includes mackerel, sardine, tuna.

BSIncludes corned beef, spam, beef stew, sausage.

'%Includes Chinese cabbage, pepper leaves, kang kong, pele.

7Includes vegetables that are not VA-rich, such as white cabbage.

Although this study did not focus on flour products (all were from
refined white flour, some brands fortified, some not), sugar-rich foods,
and imported fats, the level of consumption of these foods was high
(Table 3) and is a matter of concern. As in other parts of the Pacific, obe-
sity, diabetes, and hypertension are now serious health problems in Kos-
rae, largely due to the shift in the diet to imported foods and to changing
lifestyles (Englberger et al, 2003e; Shmulewitz et al, 2001). It is likely that
there is a negative impact on the overall diet and health due to the high
level of consumption of these foods, and they may also affect micronutrient
utilization.

To assess the comparability of the two dietary assessment methods,
the frequency of days (0-7) that a food item was consumed in the 7-day
FFQ was correlated with the frequency eaten of the same item (or groups
of items, grouped similarly in both methods) consumed in the 24-hour
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recalls (0 to 3 days) (Table 4). In this comparison, there were 10 food items
consumed by caretakers that had a moderately strong correlation (correla-
tion coefficients from 0.26 to 0.38). These included all the protein items
except for fish liver, an infrequently consumed food. Seasonality affected

Table 4. Spearman’s correlation coefficients between frequencies of consumption of
selected foods by children and caretakers in the 7-day FFQ! and three 24-hour
recalls?

Food Item Child Intake Caretaker Intake
Carbohydrate
Rice - - 0.26 p =0.04*
Local foods 0.15 p =0.24 0.21 p =0.09
Breadfruit, green 0.14 p =0.27 0.14 p =0.26
Banana, ripe non-yellow -0.07 p =0.59 —-0.00 p =0.98
Banana, yellow 0.03 p =0.80 -0.14 p =0.26
Banana, green 0.09 p =0.50 0.14 p =0.25
Taro, giant swamp -0.10 p =0.43 0.17 p =0.18
Ramen 0.21 p =0.10 0.03 p =0.79
Selected high-fat food
Butter 0.19 p =0.13 0.34 p =0.01*
Coconut 0.06 p =0.61 0.20 p=0.11
Protein
Meat, untinned? 0.13 p =0.29 0.28 p =0.02*
Meat, tinned 0.17 p =0.18 0.38 p =0.00**
Fish and seafood 0.30 p =0.02* 0.27 p =0.03*
Fish, tinned 0.01 p =0.92 0.31 p =0.01*
Egg, chicken 0.25 p =0.05 0.32 p =0.01*
Egg, fish - - - -
Liver, fish - - 0.11 p =0.39
Milk, all kinds 0.37 p =0.00** 0.38 p =0.00**
Fruits and vegetables
Tangerine and orange 0.12 p =0.33 0.34 p =0.01*
Dark green leafy vegetable -0.26 p =0.04* 0.02 p =0.87
Papaya, ripe 0.33 p =0.01* -0.02 p =0.89
Mango, ripe - - 0.25 p =0.04*

1n=267 children and 267 caretakers in March.

2n=65 children, 65 caretakers in May; 64 children, 65 caretakers in July; 65 children,
64 caretakers in October.

3Includes chicken as the most predominant food in the group of foods.

*Significance at p< 0.05.

**Significance at p< 0.01.
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some items, which is likely to have been a factor resulting in the weak asso-
ciation between the local carbohydrate items of the two methods. The
FFQ was administered during the breadfruit season and the 24-hour
recalls were administered when little breadfruit was available; also fish egg,
crab ovary, and mangoes were more available in May. Milk, an item not
affected by seasonality, was the most strongly correlated of the food items.

Table 5 presents the mean daily nutrient intake estimated from the
three 24-hour recalls. The mean daily intake of total VA for all children,
regardless of age or gender, was less than half of the requirements estimated
by the World Health Organization (WHO) and the Food and Agriculture
Organization (FAO) (WHO/FAO, 2002).°® However, the mean protein
intake (54 g + 10 sd) was well beyond estimated requirements ’ (Latham,
1997), and fat intake was well beyond the 5 g daily minimum estimated as
necessary for VA metabolism (FAO/WHO, 1988). For caretakers, the find-
ings were similar: the mean VA intake was low and protein and fat intakes
were high, compared to estimated requirements (WHO/FAO, 2002).}

A comparison was made between selected foods eaten by children
consuming low and high VA intake. The median total VA intake, 128
RE, was selected as the cut-off for grouping children into low and high
levels of VA intake. A significantly greater number of children having
high VA intake consumed various VA-rich foods (milk, liver, papaya,
mango, and dark green leafy vegetables). However, papaya was among
the important foods in the high VA intake group for children but not for
caretakers, confirming informant reports that papaya is considered a
children’s food. Nevertheless, papaya consumption was still low.

Relationships between VA Intake and Factors Affecting
Dietary Intake

The intakes of total VA, retinol, and B-carotene equivalents were
skewed for both children and caretakers,” whereas protein, fat, and

%The WHO/FAO Recommended Safe Intake of VA for children 1-3 years of age is
400 pg RE/day. For children 4-6 years of age, it is 450 pg RE/day.

"The FAO/WHO requirement is 16 g for a 3-5 year old child on a diet rich in
complete proteins.

8The WHO/FAO Recommended Safe Intake of VA for non-pregnant, non-lactating
women 19-65 years of age is 500 pg RE/day.

9Caretaker outliers had a high VA intake due to consumption of fish liver, whereas the
child outliers had high VA intake due to consuming various foods.
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energy intakes were more normally distributed. In examining for rela-
tionships, tests were done both with and without cases with extreme
high values to ensure that relationships were not affected by the skewed
values.

There were no significant gender differences in dietary intake
among the children, which allowed for further relationships to be
compared with genders combined. The caretaker education level was
compared to the child and caretaker nutrient intake, grouping the
number of years of schooling according to the education levels in
Kosrae: 0-9 years (primary school), 10-12 years (high school), and
over 12 years (tertiary schooling). There was a trend towards greater
nutrient intake with greater educational level for all six nutrients for
both child and caretaker, but the differences were not statistically
significant.

Children of employed caretakers had a significantly greater intake of
total VA, retinol, protein, and energy, which may be related to income or
food accessibility differences (Table 6). Caretaker retinol intake was sig-
nificantly greater among employed caretakers. However, there was no
significant relationship between occupation and child total VA and care-
taker retinol when outliers were excluded.

There was a moderately strong correlation between family SES
scores and caretaker intake of total VA and B-carotene equivalents, but
only a weak correlation between SES and child intakes (Table 7). When
outliers were excluded, the strength of the association was considerably
weaker, indicating that there may not be a significant relationship in the
larger population. Protein, fat, and energy intake were not correlated
with the SES scores. Also the HKI FFQ scores were not strongly corre-
lated with SES (Table 8).

There were significant differences between residence location and
caretaker total VA and retinol intake, with the highest intake in
Malem, a fishing village with poor soils and no access to the deep sea.
Even with outliers excluded, the association of location with total VA
intake remained significant. Informants said that Malem residents are
known for eating a wider range of seafood, including small fish with
liver intact (Englberger, 2003). Also less VA deficiency was found in
Malem compared to the other three municipalities of Kosrae
(Gonzaga, 2000). No clear seasonal differences were found after com-
paring VA intake of the three different days taken in different seasons.



1070 >d 18 90uBOYIUSIS,,
*60°0 >d e 9oueOyIUSIS,

*Pa7BIIPUIL ISIMIIYIO SSI[UN ‘IOLID PIEPUR)S F SUBIW Pajsnipe oY) oIk sIoquinN] :9J0N

"SIDIINO JBI[D OU YIIM PIINQLISIP A[[BULIOU JIIM BIEP YL,
*20UDIPIP JUBOLIUSIS € [[I}S SEM 313y} ‘SISA[EUE 3y} WOLY PIPN[OXD JIdM SIDIINO Y} USYM

*30URIYIP JUBOYIUSIS € JGSUO] OU SEM I3} ‘SISA[EUT Y} WO PIPN[IXI IIM SIBI[INO ) UYA,

“IOpUdS pue a5e 10j PI[[O1IUOD ‘QIUEBLIEA JO SIsA[eue djeLreAlun £q Sunsay JueoyIusIS,

“spud[eAmba jounay,

"19q030(Q) Ul $9=U ‘A[N[ pur AR UI G9=U :SIdYEJOILI S[BW] "A[Nf UI 9=U {10q0IO() PUk ABJA UI S9=U :UIP[IYD),

8L 0=d 06'0=d €L0=d §9°0=d #p0°0=d y1-0=d (POUBIYIUSIS

L8EF 0188 y+99 €FIL 8EL F SvL IE+861 £V F €C¢ [44 pakodwa st 1ayerore)

0T¢ + 8188 v+59 EFLL PIL+6C8 9TF 01 9€F TC 34 9J1MaIsnoy Si 19xe1aIe)y
Aeu] JAYeIaIR)

#o70°0=d €1 0=d +#900°0=d 97°0=d #:€0°0=d #€0°0=d (PouedyIusIg

SIT+v8¢9 €F TS ¢+ 09 69 + 861 IT+011 LT ¥ €6l [44 pakodws st 1axeIa1E)

IST + €€8¢ (14 I+1S 6y + 10V 8F 6L TLF9v1 134 9JIMasnoy sl Ioyejaler)
eI PIYD

Ay 8
Sri-sjuareamba 3 V WIeA
O] A310u7 S1eq S ur01g JUd)0IBI-gf [ounay [e10L u

uonedndoo 1ayejaIed £q S[[OAX INOY-{ 931} UI SIIHEIAILd PUE UIP[IYD £q SIUSLINU PIJIIIS JO SayeIul A[Iep UBdJ\ "93|qe |

329



"[0A3] 10°0 Y} 18 JUBOLIUSIS,

"[9A3] §0°0 Y} Y& JUBOYIUSIS,

“19YBIM [ONUI SEM UOT)RIOOSSE )

pue 67z'( 01 paddoip JUSIOLJ09 UONB[ALIOD UOSIEIJ Y} YA [8101 JO dYEIUI I9¥BIILD 10§ SISA[eUR 3] 10J PIPN[IXI 1M SIJI[INO € ) UAYA 910N
“[OA3] [EUOIBONPA JOYEIOIED J[EW) PUE ‘PUE] ‘SWIAY JO dIYSIOUMO AJIUIE] JO PIIONISUO),

‘syus[eAmnby [ounay,

"10q030Q Ul $9=u ‘A[n[ pue KB\ UI G9=U :SIANEIOILD S[BW,] "A[N[ UI H9=U 13q0}0() Pue AR\ Ul (9=U :UIP[IYD),

s0°0- §00°0- 620°0- «8LT°0 Vo #+LTE0 S9 2100 S AJIwre, %
A[eu] I EIAIR))
Y0170 €81°0 Sv1°0 02T0 8¥1°0 8¢T0 S9 (9109 SHS AIwe,] %
e PIYD
Sri-sjuseainbyg gl
O] £310ug S1eq S urojorg Aud)0IBD)-( 3l jounoy V UIwejip [e1o], u
$9100s SHS

PUE S[[BD31 INOY-{7 91U} UI SIONBIAIRD PUL UAIP[IYO £q SIUSLINU PIIII[IS JO SAYLIUI AJIEp UBIUI USIMIIQ SIUIIDIJJI0I UOIR[ILI0D UOSIBdd '/ d|qe |

330



"L9T=U ‘SIN[LI2IEI PUE UIP[IYD 10§ ‘A[2ANdAdSaI ‘[ pue /¢ d1am (poyiow O I3H Y3 £q pa3e[nd[ed) s2109S [BWIUE UBSW Y]
*L9T=U ‘SIONEJAIBD PUB UAIP[IYD 10J ‘A[9ANO3dSAI ' pue ¢"p d1om (poysaw O IMH Y} £q PIJe[no[ed) SAI03S VA [810) UBSW Y,
"[PA9] [BUOIIBONDA IAYEIOIED d[EWS) PUE ‘pue| ‘Swayl jo diysioumo A[rurey Jo pajonnsuo),

681°0 8L1°0 S9 9900 190°0 L9T 21008 SHS A[Ture 2 ayeju] Ioyejore)
6€1°0 6210 9 $80°0 £80°0 L9T {21008 SHS Aqiweq 2 MEU] pyD
9100§ [ewIuy 9100G [e10 ], (100G [ewIuy 109G [e10
044 £ed-L Od4d feq-L u Od4d Aep-,, Odd Aeq-L u

591008 SHS pue O Aep-/ UI SI9YEIAIED PUL UIP[IYD £Q SII09S UIIMIIQ SIUIIOLJI0D UONL[ALIOd U0SILdd ‘ga|qe ]

331



332 L. ENGLBERGER ET AL.

Figure 5. Breadfruit, split in half and baked in the traditional earth oven (um), are
presented in a traditional basket woven from coconut fronds.

DISCUSSION

The use of ethnographic formative research, two dietary assessment
methods, intensive interviewer training, monitoring, and data verifica-
tion, and the input of data to the food composition database contributed
to a more precise assessment of the diets. Interviewers reported that
caretakers appeared to have a good memory of the diets reported. Over-
all, the data suggest that we can be confident that the estimates of the
dietary intake closely approximate the intake for those days studied and
are probably indicative of the usual diet.

Dietary VA intakes for both children and women were very low.
The child VA intakes were similar to intakes of other populations
where VA deficiency is a public health problem (Calloway et al., 1993;
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Figure 6. The liver of the parrotfish (shown above) is prized for its taste and is reported to
be the largest sized liver of kosrae reef fish.

Ramakrishnan et al., 1999; Zeitlin et al., 1992). However, in contrast to
populations in other developing countries where VA deficiency is
endemic and protein intake is low (Adelekan et al., 1997; Faber and
Benade, 1999), this population had a high protein intake and a rela-
tively high proportion of VA from animal sources (52-53% for children
and women).

Low income has been identified elsewhere as an important risk fac-
tor for low VA intake (Fawzi et al., 1997; Ramakrishnan et al., 1999). In
this study, there was no clear association between family wealth and edu-
cation (as indicated by the SES score), which may partly be explained by
the subsistence nature of this island community. There were no clear
trends relating gender, caretaker education, caretaker occupation, and
socio-economic status with VA intake, indicating that a broad-based
intervention over all segments of the population is needed to change
dietary behavior.

The ethnographic approach was valuable in identifying the items of
importance to include on the dietary instrument (both FFQ and 24-hour
recall) and establishing the need for collection of both child and
caretaker diets. This was important for detecting differences between
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children and women in the intake of VA-rich foods such as fish liver
and caretaker perceptions on fish liver, Taiwang banana, and other
local carbohydrate foods. An understanding of these beliefs is useful in
developing a relevant food-based strategy for alleviating VA deficiency.
The inclusion of subitems in the FFQ enhanced interviewer ability to
probe and provided additional information. Although the consumption
of yellow-fleshed carotenoid-rich banana cultivars is lower than the
level of consumption of white-fleshed bananas low in carotenoid con-
tent, it is still likely that the precision added by specifying these two
types of bananas contributed to a more accurate estimate of the dietary
intake of VA. Also, the specification of banana maturity (if eaten green or
ripe) was important in this community where bananas are an important
part of the diet.

Again, as in other parts of the Pacific, chronic diseases such as
diabetes, heart disease, and cancers, are now serious problems in Kosrae
and are among the primary health risks that adult Kosraeans presently
face. These chronic diseases are more recognized problems of the
community, in comparison to VA deficiency. Epidemiological studies
indicate that the consumption of carotenoid-rich foods may help protect
against these chronic diseases (Bertram, 2002; Ford et al, 1999; World
Cancer Research Fund, 1997). Foods rich in provitamin A-rich caro-
tenoids protect against VA deficiency (McLaren and Frigg, 2001). Thus,
a food-based public health intervention could be put into place in this
community promoting foods and nutrients that would protect against
both chronic disease and VA deficiency. Such an intervention is likely to
have a greater acceptability and impact than an intervention promoting
foods simply for protection against VA deficiency.

In conclusion, it is suggested that an ethnographic approach is
critical to obtaining meaningful dietary assessment data that accurately
reflects dietary intake, and provides information important for planning
and implementing an effective food-based intervention. Culture-specific
information is critical to the development of culturally competent,
relevant, sensitive, and acceptable programs that address the wide array
of nutrition needs in the community. Drawing on information provided
by members of the community encourages a more collaborative
approach that allows a greater sense of ownership of such programs.
Aspects of this approach to dietary intake methodology are also likely to
be relevant to other Pacific countries and countries where similar foods,
including yellow-fleshed bananas, are eaten.
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