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Abstract
Dietary diversity involves adequate intake of macronutrient and micronutrient. The inclusion of animal source foods (ASF) in the diet helps prevent
multiple nutrient deficiencies and any resultant, linear growth retardation. The objective of the current study was to assess the relationship between
dietary diversity, ASF consumption and height-for-age z-score (HAZ) among children aged 12–59 months old across a 1-year observation.
This longitudinal observational study without controls was conducted among four age groups: 12–23 months (n 57), 24–35 months (n 56),
36–47 months (n 58) and 48–59 months (n 56). Anthropometry and dietary intake were measured during each of four visits at 16–20-week intervals.
The general characteristics and other observations were only collected at baseline and endline. During the year-long study period, approximately
27% of the children ate a diverse diet (consumed ≥6 out of 9 food groups) according to ≥3 visits. ASF consumption was high, particularly for eggs,
poultry, processed meats and liquid milk. Yet, micronutrient intake inadequacy, especially of Zn, Ca, Fe and vitamin A, was highly prevalent.
A multivariate regression analysis showed that the consumption of a diverse diet and ASF was not significantly associated with the HAZ at endline,
after controlling for demographic characteristics and the baseline HAZ. The consumption of a diverse diet was significantly associated with Ca intake
adequacy. Moreover, ASF consumption was significantly associated with adequate intake of protein and micronutrients, particularly vitamin A,
Ca and Zn. Thus, the recommendation is to continue and strengthen the promotion of consuming a diverse diet that includes ASF in supporting
the linear growth of young children.
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Linear growth faltering is a major problem among children in
Indonesia, as shown by the high prevalence of stunting. The
national survey in 2013 showed that the growth of 37·2% of
children <5 years old was stunted. This figure is not significantly
different from the results of the 2007 national survey(1). The
consequences of stunting include increased child mortality(2),
prolonged illness, delayed psychomotor development and
negative outcomes in adulthood(3).
The inadequate intake of a quality diet rich in energy, protein

and micronutrients is among the main contributing factors for
stunting(4), and it is common in developing countries such as
Indonesia. Recent studies have shown that among Indonesian
children aged 2–5 years the proportions of inadequate intake of
energy and protein were 60·5 and 35·8%, respectively. The
proportions of inadequate intake of micronutrients such as Ca,
Fe, vitamin C and vitamin A were even higher (80·9, 83·5, 84·3
and 79·1%, respectively)(5).

Dietary diversity is one of the key elements of a quality diet,
and it is thought to enhance the probability of the adequate
intake of essential nutrients to promote good health. A more
diverse diet is highly correlated with adequate energy and
protein(6), micronutrients(7,8), animal source food (ASF) protein
intake and diet variety/balance(9).

ASF are of a better quality than plant source foods for
supplying micronutrients and protein, because the former
contain more of such elements with better bioavailability(10).
The most important micronutrients contained in ASF are Fe, Zn,
Ca, riboflavin, vitamin A and vitamin B12. Hence, relatively
small amounts of ASF can substantially increase nutrient
adequacy(11). ASF consumption has been positively associated
with better growth and mental development, less morbidity and
anaemia, as well as higher immune function(12). Among school
children in Kenya, food interventions containing milk and meat
had a positive effect on height gain(13). Neumann et al.(14) show

Abbreviations: ASF, animal source food; HAZ, height-for-age z score.
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that a child would need to consume 1·7–2·0 kg of maize and
beans in a day to meet energy, Fe and Zn requirements.
Similarly, children cannot meet daily Ca requirements if they
rely solely on cereal-based diets.
In Indonesia, the practice of ‘infant and young child feeding’

among children aged 6–23 months showed that 54·2% consumed
meat/fish/poultry, 48·3% consumed eggs and 8·8% consumed
milk. In terms of dietary diversity, 58·2% of the children
consumed ≥4 food groups(15).
The objective of the current research was to study the

interactions of dietary diversity, ASF consumption and height-
for-age z score (HAZ) by examining the relationship between
dietary diversity and nutrient intake adequacy among children
aged 12–59 months over the course of a year. This longitudinal
observation, with four dietary assessments over the 1-year period,
was expected to better capture children’s typical dietary intake.

Methods

Study design and area

The current work was a longitudinal observational study without
controls conducted in Bandung city, an urban area with a
population of 2·4 million, around 120km from Indonesia’s
capital, Jakarta. The period of observation was 1 year with four
assessments. The longitudinal study design was selected to capture
the dynamics of feeding and care practices among children.

Subjects

The subjects were apparently healthy male and female children
aged 12–59 months. Children who had symptoms of chronic/
congenital diseases or disabilities, or who were twins or multiple
births were not included in the study. During screening, we did not
find any children who were severely malnourished (weight-
for-height z-score < −3·00 SD). To obtain a better picture of the full
age range (12–59 months), the children were stratified according to
age groups of 12–23, 24–35, 36–47 and 48–59 months.

Sample size and sampling procedure

To detect a difference of 1 year length/height increment of
6 (9·48 SD) cm, a P value of 0·05, a power of 80% and
an anticipated dropout of 30%, fifty-three subjects per age
group were required(16). The study included 220 children
(55 children× 4 age groups).
The children were selected from eleven out of thirty growth

monitoring posts (Posyandu), with the lowest mean for the
HAZ included in previous studies assessing the sensitivity and
specificity of dietary diversity scores with micronutrient intake
(L Marlina, unpublished results). Each Posyandu covered 50–
150 children under 5 years of age. The children from the eleven
selected Posyandu were listed, and those meeting the inclusion
criteria were grouped into their age strata. When the total
number of children was more than that required within their
age group, a simple random selection was used, with a goal of
five children in each age group in every Posyandu.

Data collection procedures

Each subject underwent four assessments – at baseline, follow-up
I, follow-up II and at endline – with intervals of 16–20 weeks
between assessments. The interviews were conducted
using structured, pre-tested questionnaires at each visit. Each
interview took approximately 40min for each mother/caregiver.
The questionnaires for mothers/caregivers consisted of questions
on household demographic data, socio-economic status, mothers/
caregivers’ knowledge of health and nutrition, child care practices,
child morbidity and the households’ access to water and
sanitation. The children’s food intake was assessed using repeated
24-h recall of 2 non-consecutive days during each visit. Thus,
within 1 year, there were 8 food recall d/child for those who fully
participated. A set of food models was displayed to help mothers/
caregivers estimate portion sizes when recalling the amounts of all
of the foods and beverages consumed by their children on the
recall days, from when the children woke up in the morning until
they went to sleep in the evening, including any night feedings.
The types of foods and ingredients, the ways in which the foods
were prepared and the brands of certain foods (especially milk,
dairy products and manufactured snacks) were recorded. The
interviews and dietary assessments were conducted by trained
enumerators, who also performed the weight and height/length
measurements at baseline and endline using standardised
procedures and equipment(17).

Ethical considerations

The researchers explained the study’s purpose and procedures
at enrolment. Only subjects who gave written informed consent
were recruited. Assurance was given that participation was
voluntary and that no negative consequences would result for
those who decided not to participate in the study or for those
who withdrew during the study period. The study protocol
received ethical clearance from the Ethical Committee of the
Faculty of Medicine, Universitas Indonesia.

Data analysis

The data from the questionnaires were entered in SPSS version
16.0, and those from the dietary assessment were entered and
converted into energy and nutrient intake using the NutriSurvey
software program (www.nutrisurvey.de) based on Indonesian
Food Composition Tables.

The data analysis was conducted using IBM SPSS version 20.0.
Where appropriate, the data were checked for normality of
distribution using the Kolmogorov–Smirnov test of normality.
One of the two 24-h dietary recalls during each visit was selected
randomly to measure the dietary diversity, which was calculated
based on the nine food groups according to the Guidelines
for Measuring Household and Individual Dietary Diversity:(9)

(i) cereals/tubers/grains; (ii) meat, poultry, fish (flesh foods);
(iii) milk and dairy products (excluding sweetened condensed
milk); (iv) eggs; (v) nuts/legumes; (vi) vitamin A-rich fruits,
vegetables and tubers; (vii) other fruits; (viii) other vegetables; and
(ix) fats and oil. The dietary diversity was divided into ‘diverse diet’
(indicated by the consumption of ≥6 out of the 9 food groups) and
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‘less diverse diet’ (indicated by the consumption of <6 out of the
9 food groups). Six food groups were used as the cut-off in this
study based on a previous study conducted in an urban area
of Mali(18), which was corroborated by another study in Bandung
City that set the optimal cut-off point for the number of food groups
that could identify micronutrient intake inadequacy among
children aged 23–59 months with high sensitivity and specificity at
5·5 (Marlina, unpublished results). Subsequently, ASF were further
subdivided into flesh foods (fish/seafoods, red meat, chicken and
processed foods) and milk/dairy (powdered and liquid milk).
The estimation for the proportion of children with energy and

nutrient intake inadequacy was calculated at baseline and
endline using the PC-Side program based on two repeated 24-h
recalls. The Indonesian’s RDA(19) was used as the reference for
nutrient adequacy. The estimated average intake (EAR) cut-off
point method was applied to calculate vitamin A, Zn and Ca
inadequacies(17,20). This study used the conversion factors for
calculating the EAR provided by the WHO/FAO in 2006(20). As
the EAR for energy and protein intake was not specified, this
study used 77% of the RDA as the cut-off value to estimate
the EAR, and in turn to calculate energy and protein intake
inadequacies(17). The cut-off for inadequacy was calculated
based on each child’s actual age at each visit. Nevertheless,
among children aged 36–47 months, the baseline and endline
used the same cut-off, even though the children were
≥48 months old at endline and ‘by reference’ had different
cut-offs. For Fe, the conversion factor for children aged ≤9 years
was not provided because of high variability and the skewed
nature of the distribution of the requirement for Fe in this
population sub-group. Hence, a full-probability method was
recommended to estimate the prevalence of Fe inadequacy(20).
This study used 10% of Fe bioavailability(21). Among breast-fed
children, a medium amount of breastmilk consumption was
used to calculate energy and nutrient intake(22).
In the bivariate and multivariate analyses, the frequency of food

group consumption, dietary diversity and energy and nutrient
intake adequacy was categorised into two groups based on a
1-year observation period (derived from the four 24-h dietary
recalls, one for each visit): ‘less frequently consumed’ and ‘more
frequently consumed’ for each food type. The former indicated
that the respective food group was consumed in <3 out of the
four dietary recalls and the latter meant that it was consumed in
≥3 out of the four dietary recalls. The dietary diversity was
categorised as ‘had diverse diet in <3 visits’ when the subject
consumed ≥6 food groups in <3 out of the four dietary recalls,
and as ‘had diverse diet in ≥3 visits’ when the subject had
consumed ≥6 food groups in ≥3 out of the four dietary recalls.
The energy and nutrient intake adequacy was categorised as

‘had adequate intake in ≥3 visits’ when the adequacy was met
in ≥3 out of the four dietary recalls, and as ‘had adequate intake
in <3 visits’ when the adequacy was only met in <3 out of the
four dietary recalls. A different categorisation was used for Zn
adequacy, that is, ‘had adequate intake in ≥3 visits’ when
the adequacy was met in ≥2 out of the four dietary recalls,
to accommodate the very low proportion of subjects with
adequate Zn intake.
The bivariate analysis was performed to assess the association

between the frequency of consumption of certain food groups and

the dietary diversity category with energy intake adequacy and
HAZ at endline. Subsequently, a multivariate linear regression
analysis was used to understand the roles of food group
consumption, dietary diversity and energy and nutrient intake
adequacy in explaining the HAZ at endline, controlling
for demographic characteristics and the HAZ at baseline. The
regression test used a <0·05 level of significance. The household
wealth index was constructed using a principle component
analysis of the variable households’ ownership of motorcycles,
refrigerators and houses in addition to the type of drinking water
source. The household wealth index was divided into tertiles.

Results

The study enrolled 227 children at baseline (56·4% female and
43·6% male). By the end of the study, 210 (92·5%) children had
undergone the endline assessment, and 203 (89·4%) had under-
gone all four assessments. Any incomplete assessments were
mainly the result of the children moving to other places or visiting
relatives at the time of data collection. The proportions of loss to
follow-up were 3·5% at follow-up I, 6·6% at follow-up II
and 7·0% at endline.

Baseline characteristics

There were no significant differences in the baseline characteristics
(age, weight, length/height and nutritional status) between children
who missed one or more assessments and those who attended all
of the assessments (data not shown).

The overall prevalence of stunting was 34·4%, with the highest
being among children aged 12–23 months and the lowest among
children aged 24–35 months. The prevalence of wasting
was highest among children aged 12–23 months and lowest
among children aged 48–59 months (Table 1), but the differences
were not significant. The length increment between baseline
and endline was 7·1 (SD 1·6) cm (n 211), with the highest
(8·6 (SD 1·9) cm) among children aged 12–23 months and the
lowest (5·8 (SD 1·0) cm) among children aged 48–59 months. The
length increment among children aged 12–23 months was
significantly higher (P< 0·05) than the other age groups. The
proportion of mothers with ≥12 years of schooling was 42·7%,
and only about one-third of the households had a regular
monthly income (34·8%). Moreover, only 33·9% of the
households resided in their own house. Access to a private toilet
facility was available in 73·1% of the households.

Breast-feeding and introduction to complementary foods

All of the children in the study, except one, were ever breast-fed.
Among the children aged 12–23 months, 75% were breast-fed at
baseline and 13·5% remained breast-fed at endline. Among the
children who were no longer breast-fed, the majority were weaned
in their 2nd year of life. Four in every ten mothers gave prelacteal
foods/fluids to their children within the 1st week after birth.
Complementary foods were introduced when the children were
6 months old (43·2%), younger than 6 months (41·9%) or older
than 6 months (14·9%).
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Dietary diversity

Table 2 presents the dietary diversity across the visits. Cereal/tubers
and fats/oil were consumed by almost all of the children across all
of the visits. Eggs were more commonly consumed than nuts/
legumes. Nevertheless, the consumption of these two food groups
showed similar patterns: that is, it slightly increased from baseline to
the next 4 months (follow-up I), and it did not change much
afterwards. The consumption of flesh foods, milk and dairy pro-
ducts and vitamin A-rich fruits/vegetables was significantly different
across visits. Although the consumption of flesh foods and milk and
dairy products slightly increased across visits, the consumption of
vitamin A-rich fruits and vegetables unexpectedly decreased.
With respect to the number of food groups, there was no

significant difference in the number of food groups consumed

across visits. About 50% of the children consumed 5–6 food
groups in a day, and less than half of the children had good
food variety (consumed ≥6 food groups). The proportion of the
children who had diverse diets in ≥3 visits was 27·2%. The
dietary diversity was not significantly different across visits or
age groups (data not shown).

Animal source food consumption

Among the ASF, eggs were most commonly consumed, and their
consumption was consistently high across visits (Table 3). Within
the flesh food group, chicken and processed meats (such as
sausage, meatballs and chicken nuggets) were most commonly
consumed by the children across visits. Fish and seafood were only
consumed by approximately 13% of the children, whereas red

Table 1. Characteristics of the subjects at baseline
(Mean values and standard deviations)

12–23 months
(n 57)

24–35 months
(n 56)

36–47 months
(n 58)

48–59 months
(n 56) All (n 227)

Characteristics Mean SD Mean SD Mean SD Mean SD Mean SD

Female:male (n) 29:28 28:28 35:23 36:20 128:99
Age (months) 17·5 3·2 30·4 3·4 41·7 3·4 54·3 3·5 35·9 14·0
Body weight (kg) 9·4 1·2 11·8 1·8 13·1 2·0 14·9 1·8 12·3 2·6
Body height/length (cm) 76·1 3·8 86·7 4·1 92·4 4·9 99·3 4·1 88·6 9·5
Suffered from either runny nose, coughing or fever (%) 26·3 25·0 22·4 21·4 23·8
HAZ −1·69 1·09 −1·39 0·87 −1·69 0·96 −1·61 0·82 −1·59 0·94
WAZ −0·93 1·05 −0·92 1·06 −1·18 1·00 −1·13 0·89 −1·04 1·00
WHZ −0·17 1·21 −0·24 1·10 −0·29 0·97 −0·23 0·90 −0·23 1··04
BMIZ 0·13 1·3 −0·08 1·11 −0·13 0·93 −0·16 0·86 −0·06 1·05
Stunting (%) 45·6 25·0 34·5 32·1 34·4
Underweight (%) 14·0 16·1 17·2 17·9 16·3
Wasting (%) 8·8 5·4 3·4 1·8 4·8
Overweight (%) 5·3 3·6 3·4 0 3·1
Mothers with ≥12 years education (%) 43·9 32·1 51·7 42·8 42·7
Mothers were housewife (%) 80·7 83·9 70·7 69·6 76·2
Household with access to private toilet (%) 71·9 62·2 81·0 76·8 73·1
Household had irregular income (%) 28·1 23·2 25·9 46·4 30·8

HAZ, height-for-age z score; WAZ, weight-for-age z score; WHZ, weight-for-height z score; BMIZ, BMI z score.

Table 2. Consumption of diverse diet and dietary diversity score across visits (%)

Baseline (n 227) Follow-up I (n 219) Follow-up II (n 211) Endline (n 210)

Name of food groups
Cereals and tubers 99·6 100 100 100
Flesh foods (meat, poultry, fish, processed meat/poultry)* 76·7 84·5 81·4 88·1
Milk and dairy product* 65·6 65·6 67·0 79·0
Eggs 58·6 64·4 61·0 61·9
Nuts/legumes 40·5 47·0 46·2 45·7
Vitamin A-rich fruits, vegetables, tubers* 41·9 43·8 43·8 31·0
Other fruits 33·5 36·5 33·8 28·1
Other vegetables 21·1 22·8 21·9 18·1
Fats and oil 91·6 96·3 94·3 94·3

Number of food groups
<3 groups 4·0 3·2 1·9 0·5
3 groups 8·4 5·0 7·1 5·7
4 groups 19·8 14·6 21·0 19·0
5 groups 29·1 25·1 24·3 32·2
6 groups 17·6 25·1 25·7 25·1
7 groups 10·6 17·4 12·9 11·8
>7 groups 10·6 9·6 7·1 5·7
Consumed ≥6 food groups 38·5 51·8 45·7 42·4

* P<0·05 (χ2 test).
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meat was consumed by very few (<10%). At endline, significantly
more of the children had consumed liquid milk than at baseline
(44·5 v. 32·3%, respectively). The consumption of powdered milk
significantly increased from baseline to follow-up II, but it
decreased significantly at endline (20·4%), even lower than the
value at baseline. This decrease was particularly observed among
children aged 24–35 months.

Dietary diversity, animal source food consumption and
adequacy of energy and nutrient intake

The majority of the children consumed adequate energy
(72·2%) and protein (80·2%) throughout the 1-year period of
observation (Table 4). The adequacy of micronutrient intake
was more problematic, with only 35·7, 14·5 and 4·1% of the
children achieving adequate intake in ≥3 visits of vitamin A, Ca
and Zn, respectively. During the 1-year period, the proportion
of children with adequate Ca intake in ≥3 visits was significantly
higher in the ‘diverse diet in ≥3 visits’ group than in the ‘diverse
diet in <3 visits’ group (27·3 v. 9·7%, respectively). The
adequate intake of energy and other nutrients, in contrast, was
not significantly associated with dietary diversity.
Among the three types of ASF, the consumption of flesh

foods was not significantly associated with energy and nutrient

adequacy, as examined in this study. The proportion of children
with adequate vitamin A, Ca and Zn intake in ≥3 visits was
higher among the children who more frequently consumed
milk and dairy products than among those with less frequent
consumption (41·4 v. 26·4% for vitamin A, P= 0·022; 18·6 v.
8·0% for Ca, P= 0·029; and 37·9 v. 12·6% for Zn, P< 0·001). The
results were similar for frequent egg consumption and protein
intake adequacy (83·1 v. 65·6%, P= 0·022).

Dietary diversity, animal source food consumption,
adequacy of energy and nutrient intake and height-for-age
z score

A multiple linear regression analysis was performed to assess
the roles of good dietary diversity, ASF consumption and
adequacy of energy and nutrient intake on HAZ at endline by
controlling for demographic characteristics and baseline HAZ.
Table 5 shows that dietary diversity was not significantly
associated with the HAZ at endline (P= 0·358). Similarly,
Table 6 indicates that the three types of ASF were not
significantly associated with HAZ at endline. The consumption
of the grains/cereal and fat/oil groups was not included in the
regression analysis, as >95% of the children consumed these
two food groups across visits. Regarding adequacy, the

Table 3. Consumption of animal source foods across visits (%)

Type of animal source foods Baseline (n 227) Follow-up I (n 219) Follow-up II (n 211) Endline (n 210)

Eggs 58·6 64·4 61·0 61·9
Liquid milk 32·3 33·3 34·8 44·5
Powder milk 31·9 32·0 35·7 20·4
Other dairy products 8·3 9·2 15·2 11·6
Fish and seafoods 13·7 13·7 11·1 13·2
Chicken 39·2 42·9 31·0 49·3
Processed meat 48·9 52·5 50·0 44·1
Red meat 2·6 1·8 11·9 9·8
Organ meat 3·0 7·3 3·8 7·8

Table 4. Energy and nutrient inadequacy at baseline and endline by age group (%)(20,21,23)*

12–23 months 24–35 months 36–47 months 48–59 months All

No Nutrients BL (n 57) EL (n 49) BL (n 56) EL (n 50) BL (n 57) EL (n 50) BL (n 56) EL (n 51) BL (n 226) EL (n 200)

1 Energy† 7·3 2·2 6·2 2·5 1·4 5·0 49·3 37·1 15·9 11·9
2 Protein‡ 19·1 0·5 1·6 2·0 1·1 0·74 32·9 10·6 13·6 3·5
3 Vitamin A§ 2·3 30·9 19·1 30·3 38·0 38·3 43·7 63·7 25·7 41·0
4 Ca|| 41·2 33·2 25·5 44·8 30·8 52·0 27·0 52·6 31·2 45·7
5 Zn¶ 65·4 66·5 51·5 70·6 54·9 93·9 63·4 84·7 58·8 79·0
6 Fe** 37·8 28·8 31·9 32·3 23·4 35·6 37·8 46·8 32·7 36·0

BL, baseline; EL, endline.
* Calculated using PC SIDE, except for Fe (full-probability approach).
† RDA for children aged 12–47 months was 4184kJ (1000 kcal) and for children aged 48–59 months it was 6485·2 kJ (1550 kcal), and the cut-off for inadequacy was <77% RDA.
‡ RDA for children aged 12–47 months was 25 g and for children aged 48–59 months it was 39 g, and the cut-off for inadequacy was <77% RDA.
§ RDA for children aged 12–47 months was 400 retinol equivalents and for children aged 48–59 months it was 450 retinol equivalents, and the cut-off for inadequacy was the values

<RDA divided by conversion factor of 1·4.
|| RDA for children aged 12–47 months and 48–59 months was 500mg, and the cut-off for inadequacy was the values <RDA divided by conversion factor of 1·2.
¶ RDA for children aged 12–47 months was 8·2mg and for children aged 48–59 months it was 9·7mg, and the cut-off for inadequacy was the values <RDA divided by conversion

factor of 1·2.
** RDA for children aged 12–47 months was 8mg and for children aged 48–59 months it was 9mg, and the cut-off for inadequacy was calculated using full-probability approach with

10% bioavailability.
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adequate intake of energy and nutrients in ≥3 visits was not
among the significant predictors of the children’s HAZ at
endline (data not shown).

Discussion

The results of this study indicated that more frequent consumption
of a diverse diet was not associated with HAZ at endline after
controlling for demographic characteristics and baseline HAZ.
Similarly, the consumption of diverse food groups was not
significantly associated with HAZ at endline. The findings were
not in line with previous studies examining the association
between dietary diversity and HAZ or stunting. Two national-scale
studies among children aged 12–36 months in Ethiopia(24) and
among children aged 6–59 months in Bangladesh(25) showed that
food-group diversity was significantly associated with increased
HAZ or reduced stunting. Another analysis of data on multiple
countries confirmed the importance of minimum acceptable diet,
including dietary diversity, as an independent factor of child
growth, including stunting(26).
Nevertheless, a study among 6–42-month-old Senegalese

children demonstrated that a 7-day dietary diversity index was
not significantly associated with height-for-age after adjusting
for the child’s age. The association remained non-significant
after adjustment for other variables(27).

Comparable studies longitudinally measuring the dietary diver-
sity, nutrient adequacy and linear growth of children are relatively
rare. A study in the Philippines showed that dietary diversity’s
ability to predict nutrient adequacy diminished with increasing age,
indicating that nine food groups might not be diverse enough for
older children(28). A study among children aged 6–17 months in
Madagascar found no significant association between the cross-
sectional infant and child feeding index at each of three visits, with
3-month intervals and length-for-age z-score (LAZ), at the end of
the study after adjusting for confounders(29). However, when the
longitudinal approach was used (created by summing up the index
score over the three visits), it showed that the mean LAZ increased
as the scores of the feeding index increased, suggesting that the
longitudinal index was a good predictor of child growth.

In terms of dietary diversity, ASF consumption is strongly
recommended because its nutrient density increases the
likelihood of a child meeting the nutrient requirements(30).
A study among Cambodian children aged 12–59 months
indicated that consuming a diverse diet, specifically ASF, was
significantly associated with a reduction in stunting(31). An
analysis using the National Nutrition Surveillance data in
Indonesia showed a significant relationship between stunting in
0–59-month-old children and the proportion of household
expenditure on ASF in households living in poor urban
areas(32). The risk of stunting was 22% lower in households,
with a higher rather than a lower quintile expenditure of ASF.

Table 5. Multiple linear regression analysis to explain the influence of dietary diversity on HAZ-score at endline of the children aged 12–59 months
(Unstandardised and standardised coefficients with their standard errors)

b SE β P

(Constant) −0·184 0·145 0·205
Maternal education (0=≤6 years of schooling, 1= 7–11 years of schooling, 2=≥12 years of schooling) −0·011 0·036 −0·010 0·764
Age group at baseline (0=12–23 months, 1=24–35 months, 2= 36–47 months, 3=48–59 months) 0·072 0·024 0·091 0·002
Sex (0=male, 1= female) −0·001 0·055 −0·01 0·982
Household wealth index tercile (0= low, 1=medium, 2=high) −0·033 0·034 −0·023 0·350
HAZ at baseline 0·954 0·030 0·925 0·000
Dietary diversity category (0= had diverse diet in <3 visits, 1=had diverse diet in ≥3 visits) 0·036 0·061 0·017 0·358

Table 6. Multiple linear regression analysis to explain the influence of animal source foods consumption on HAZ-score at endline of the children aged
12–59 months
(Unstandardised and standardised coefficients with their standard errors)

b SE β P

(Constant) −0·110 0·168 0·514
Maternal education (0=≤6 years of schooling, 1= 7–11 years of schooling, 2=≥12 years of schooling) −0·022 0·038 −0·020 0·558
Age group at baseline (0=12–23 months, 1=24–35 months, 2= 36–47 months, 3=48–59 months) 0·077 0·025 0·089 0·000
Sex (0=male, 1= female) 0·004 0·056 0·007 0·944
Household wealth index tercile (0= low, 1=medium, 2=high) −0·032 0·037 0·029 0·384
HAZ at baseline 0·946 0·032 0·923 0·000
Food groups consumption*

Flesh foods −0·020 0·069 −0·009 0·772
Milk and dairy products 0·030 0·059 0·015 0·315
Eggs −0·086 0·077 −0·035 0·265
Legumes/nuts 0·048 0·056 0·025 0·398
Vitamin A-rich FVT −0·019 0·057 −0·010 0·737
Other vegetables −0·057 0·057 −0·029 0·317
Other fruits 0·003 0·076 0·000 0·970

FVT, fruits vegetables tubers.
* 0= less frequently consumed (consumed in <3 out of the four dietary recalls), 1=more frequently consumed (consumed in ≥3 out of four dietary recalls).
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The authors suggested that the higher household expenditure
be used as a proxy for higher ASF consumption, but such an
association was not apparent in this study.
The non-significant association between feeding practice and

linear growth found in the present study, despite the use of a
longitudinal approach to better capture the dietary habits,
remains unclear. An explanation may be related to the
difference in length/height increments across age. The linear
growth of older children, particularly those aged >36 months
old, is less sensitive to their food consumption(27). Comparing
our results with those from the Madagascar study, which used
a similar approach, the children in our study were much
older. Nevertheless, previous studies have suggested that
the significant association included children from various
age groups.
As elaborated in previous reviews and studies, a higher

dietary diversity may indicate a higher likelihood of meeting
daily energy and nutrient requirements that positively influence
nutritional status among young children(25,33). The results of the
present study demonstrated that frequent consumption of a
diverse diet over a 1-year period was significantly associated
with adequate intake of Ca.
In addition, the present study also showed that consumption

of milk and dairy products was associated with vitamin A, Ca
and Zn adequacy. Studies have shown that milk is rich in
nutrients, particularly Zn and good-quality proteins, which
makes it a suitable food for supporting growth, particularly
among young children(12). In addition, milk intake is related to
an increasing level of insulin-like growth factor-1(34). There was
a proposal that a diet containing 25–33% protein from milk
would significantly improve the nutritional status of moderately
malnourished children, and 50 g powdered milk provides about
36–56% of protein requirements(35).
Of particular importance is the fact that the proportion of

children who consumed milk and dairy products was high. Liquid
milk in a ready-to-drink package (125–250ml) is a favourite snack
among children, as it is readily available for purchase from many
vendors in the study area. In Indonesia, most of the milk available
is fortified with various micronutrients depending on the brand
and the categories within each brand. On the basis of the most
frequently consumed brand of milk in this study, 20g of powdered
milk contains approximately 120µg of vitamin A, 288mg of Ca,
2·1mg of Fe and 9·5mg of Zn, whereas 125ml of liquid milk
contains 75 µg of vitamin A, 100mg of Ca, 0·6mg of Fe and
0·5mg of Zn.
Eggs – another type of ASF frequently consumed by the

children in the present study – were significantly associated with
adequate protein intake. Eggs were generally cheaper, easy to
prepare and preferred by the children. A recent review highlighted
eggs’ potential to increase dietary diversity and nutrient intake(36).
In the current study, the consistent consumption of eggs over the
1-year study period was associated with consistent adequate
intake of protein. Other types of ASF, that is, poultry/fish/meat,
were not significantly associated with energy and nutrient
adequacy. Poultry contains a protein similar to that found in red
meat, but only about half the Fe and Zn. In this study, meat was
most commonly consumed in the form of relatively cheap
processed meats (such as sausage, nuggets and meatballs) that

were readily available in convenience stores and from street food
vendors. However, the nutrient content of processed meats varies
depending on quality and price. The proportion of children who
consumed non-processed meats was very low (6·5% on average
across the four visits).

Micronutrient (Zn, Fe and Ca) intake inadequacies were very
prevalent across all of the age groups. Nevertheless, the
magnitude of inadequate energy, protein and micronutrient intake
in this study was lower than that found in an earlier study in
Indonesia(5). The difference might lie in the different approach
used to estimate nutrient intake inadequacies. We used an
approach that measured the ‘usual’ intake based on two repeated
24-h recalls. The approach better estimated the prevalence of
inadequate intake of nutrients at the population level, compared
with the classical method of calculating the percentage of children
with a nutrient intake below the RDA(37).

The proportion of children with an inadequate intake of vitamin
A was lowest among those aged 12–23 months, possibly affected
by breastmilk intake. Assuming that the children had moderate
breastmilk intake (about 500ml of breastmilk/d), the vitamin A
intake from the breastmilk would be approximately 345µg(22).
Because the breastmilk intake decreased as the children aged, the
proportion of vitamin A intake inadequacy increased, and among
older children the higher proportion consuming flesh foods
and milk and dairy products could not circumvent the inadequate
vitamin A intake. This situation was worsened by the decreasing
proportion of children consuming vitamin A-rich fruit
and vegetables.

The high proportion of inadequate intake of Zn was in line with
a recent review showing that Indonesia has a high prevalence of
Zn deficiency (>25%), using food balance sheet supply data as
the basis for the estimation(38). The review also demonstrated that
the contribution of Zn from ASF was negatively correlated with the
estimated prevalence of inadequate Zn intake. In countries with a
high prevalence of Zn intake inadequacy, about 12% of the
dietary Zn was obtained from ASF, compared with 51·2% in
countries with low prevalence of Zn intake inadequacy. Despite a
high prevalence of ASF consumption, this study showed a high
prevalence of Zn intake inadequacy, indicating that the ASF
consumption was not adequate in quality and/or quantity.

In general, the proportion of inadequate micronutrient intake
was higher at endline than at baseline and across age groups.
The higher proportion of inadequate micronutrient intake at
endline signified that as the children got older it was more
difficult to fulfil the micronutrient requirements. Despite a
significantly higher proportion of children who consumed milk
and dairy products at endline than at baseline, the increased
proportion was mainly because of an increased consumption
of liquids with lower nutrient content than powdered milk
(the consumption of which was significantly lower at endline
than at baseline). The decreased intake of breastmilk and
powdered milk (as important contributors of micronutrients) at
endline might also explain the observed increase in stunting
prevalence at endline (from 45·6% at baseline to 50·0%
at endline). The increased prevalence, however, was
not significant.

Despite high ASF consumption, only approx 50% of the
children had high dietary diversity. The overall dietary diversity
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was steady within the 1-year observation period across age
groups. The consumption of flesh foods (including processed
meats) and milk/dairy products significantly increased across
the four visits, whereas the consumption of vitamin A-rich fruits
and vegetables unexpectedly decreased. Fruit and vegetables
are an important source of vitamins and minerals, particularly
among children with limited access to ASF. In addition, they are
also an important source of dietary fibre.
This study examined the dynamics of food consumption,

particularly in regard to dietary diversity and ASF; however, a
trend was not apparent. Thus, a more refined dietary diversity
indicator might be needed, such as measurements that include
the quantity (amount) and quality (diversity) of food
consumption. Although the sample size was adequate to detect
changes in length increments across the 1-year observation
period, it was not adequate to capture the changes in dietary
diversity patterns or food consumption.
In conclusion, the consumption of diverse diets and ASF

was not a significant predictor of HAZ among children aged
12–59 months. However, the consumption of diverse diets was
significantly associated with Ca intake adequacy. Regarding
food groups, ASF consumption was significantly associated with
adequate intake of protein and micronutrients, particularly
vitamin A, Ca and Zn. Thus, our findings do not discontinue the
communication on the benefits of diverse diet, including ASF, in
supporting the linear growth of young children.
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