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Abstract The study focuses on the nutrient and food intakes of stunted children aged 3-5 y/o, 6-9 y/o, and
10-12 y/o. and determine the association between dietary factors and the prevalence of stunting. Data from the 2013
National Nutrition Survey in the Philippines were used. Stunting was defined as height-for-age < -2 SD of the
reference population. Dietary factors were estimated based on the 24-h food recall. Results showed that stunted
children had higher nutrients deficiencies. They had lower consumption of cereals, tubers, and roots, meat, poultry,
and fish, and dairy. Compared to the lowest counterparts (Q1), preschoolers with higher intake of calcium (Q4)
(OR=0.53, 95% CI: 0.38, 0.76) were less likely to become stunted, young school-aged with higher intakes of crude
protein (Q4) (OR=0.59, 95% CI: 0.41, 0.84), iron (Q4) (OR=0.67, 95% CI: 0.46, 0.97) and lower intake of
magnesium (Q4) (OR=1.42, 95% CI: 1.02, 1.98) have lower odds to become stunted, and older school-aged with
higher intake of protein and thiamin (Q4) were associated with 40% and 34% reduced odds of being stunted
(OR=0.60, 95% CI: 0.42, 0.87) (OR=0.66, 95% CI: 0.45, 0.98). Higher calcium and protein intake significantly
influenced the reduction of the risk of being stunted among children.
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1. Introduction
The most direct causes of stunted growth were nutritional
deficiencies from an early age, frequent occurrence of
infectious diseases, and lack of psychosocial stimulation.
Stunted children have slowed growth, elevated mortality,
and diminished cognitive development, continued stunted
as teenagers, and decreased earning ability as adults. The
prevalence of stunting was declining gradually across the
world from 32.6% in 2000 to 22.2% in 2017. However,
there are still 150.8 million children that are stunted.
Inadequate nutrition that is eating foods that lack growthpromoting nutrients is one of the direct causes of stunted
growth [1,2,3]. In lower-middle-income countries (LMIC)
with a daily average income of $2.7-$10.7 per person a
day the prevalence of stunting is very prevalent (37.8
million) [4]. Despite the fact that there has been a great
worldwide decrease in the prevalence of stunting, there is
a perceived requirement for more data. Considerable
experience has been accumulated, but more is needed, as
are increased resource allocation and resources, and the
quality of foods consumed.
In the Philippines, the prevalence of stunting under 5
years old children was 30.3%, school children aged 6-10
years old were 24.5%, and adolescents aged 11-19 years
old were 26.3% [5]. Apart from this, more Filipino

children are suffering from poor diets. Preschoolers aged
3-5 years old were inadequate of iron (90%), calcium
(84%), vitamin C (60%), folate (72%), zinc (47%),
thiamin (43%), riboflavin (43%), and vitamin A (43%) [6].
School children aged 6-12 years had a high prevalence
of inadequate intake of calcium (93%), iron (87%),
vitamin C (81%), folate (70%), riboflavin (67%), and
vitamin A (63%) [7]. Almost half (46%) of Filipino
households were food secure while 12.8% were severely
food insecure [8]. Although several studies have been
released on the dietary intake of Filipino children, no
study has been published on characterizing the food
sources and nutrient intake of stunted children which may
contribute to the understanding of the still high prevalence
of stunting in the country.
This study aims to evaluate the association of usual
nutrient and food intake of stunted children aged 3 to 12
years old and the risk of stunting.

2. Methodology
2.1. Study Population
Data used for the analyses were derived from the 2013
National Nutrition Survey (NNS), a cross-sectional
population-based survey that characterizes the health and
nutritional status of the Filipino population. The dietary
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survey used a stratified multi-stage sampling design
including a total of 8,592 households. The first stage of
the sampling involved the selection of the Primary
Sampling Unit (PSU), which consisted of one (1)
barangay or a contiguous barangays with at least 500
households. At the second stage, the Enumeration Area
(EA) was selected, which consisted of contiguous areas in
a barangay with 150-200 households. The last stage
involved the selection of the households in the sampled
EA that served as the ultimate sampling unit. Samples
were taken separately from the regions by urban and rural
strata. The individual dietary intake data from 8,881
selected group preschool children aged 3-5 years (n =
2,427), young school children aged 6-9 years old (n
=3,529), and older school children aged 10-12 years old
(n= 2,925) from the households were used in the current
study. All surveyed households provided informed
consent before participation. Ethical consent for the study
was obtained from the Philippines Food and Nutrition
Research Institute. To maximize the data, we compared
the nutrient and food intakes of stunted children to those
who were non-stunted regardless if they were healthy or
not.

2.2. Data Collection
To estimate the day-to-day variance component in
energy and nutrient intake required for the usual nutrient
intake analysis, two (2) non-consecutive 24-h dietary
recalls were collected. The first 24-h dietary recall was
collected for all children and a second 24-h dietary recall
was repeated in 50% of randomly selected households on
a non-consecutive day (once on a weekday and once on
weekend). Trained registered dietitians conducted the
face-to-face interview of dietary recalls with the child
or the parents/caregiver of each child during household
visits using a structured questionnaire. All the foods and
beverages that the child consumed including the detailed
description of the foods eaten, the cooking method and
brand names (e.g. for milk consumed or other processed
snack foods) on the previous day are recorded with the
estimated amount measured using common household
measurements, such as cups, tablespoons, by size, or the
number of pieces. Full details of the method of the dietary
recall were accessible somewhere else [9]. All food items
amount was converted into grams using a portion to
weight list or through actual weighing of the food samples.
Dietary supplements were not incorporated in the dietary
survey.
To compute the energy and nutrient values, the cooked
weight was converted to raw weight using the Individual
Dietary Evaluation Software (IDES). The IDES contains a
library of food composition values in their raw form. The
Filipino Food Composition Table (FCT) was updated with
325 new food items found in the food consumption survey
(2013 NNS) as well as the inclusion of new nutrients of all
food items in the FCT. With this effort, the new Philippine
FCT contains 27 nutrients with a total of 1359 food items.
The compilation of the new FCT was discussed in the
previous paper [10]. We only selected 15 nutrients that
have a great impact on the growth and development of the
children in the study. Total energy (kcal), crude protein
(g), total carbohydrates (g), thiamine (mg), riboflavin (mg),

niacin (mg), vitamin B6 (mg), vitamin B12 (mg), folate
DFE (μg), calcium (mg), zinc (mg), phosphorus (mg),
vitamin C (mg), iron (mg), and magnesium (mg) intake
were included in the analysis.
Standing height (cm) was obtained for subjects of two
years old and above using the Microtoise (SECA 206,
Hamburg, Germany)—an L-shaped device (head-bar) to
which a spring-loaded coiled tape measure was attached.
Weight (kg) was measured using a mechanical Detecto®
platform beam balance scales. At least two measurements
were obtained, and averages were computed and recorded
to the nearest 0.1 cm. A third measurement was only taken
if the difference between the first two measurements was
greater than 0.5 cm for height and 0.3 for weight [11]. The
World Health Organization Child Growth Standards
(WHO-CGS) was used to assess the nutritional status
of children 0 to 5.0 years old (0-60 months), based on
weight and height measurements [12] and WHO Growth
Reference 2007 for the nutritional status of children 5.08
to 19.0 years old or 61-228 months [13]. The wealth status
of families was classified by wealth quintiles, a composite
measure of a household's ownership of selected assets
including televisions, bicycles, materials used for housing
construction, and types of water access and sanitation
facilities. Scores were generated for each household asset
and were then used to define wealth quintiles as poorest,
poor, middle, rich, and richest. The in-depth methods
of measurements and categorization were presented
elsewhere [14].

2.3. Data Process
Food codes were reviewed to avoid misclassification
and also the food amount to not under- or overestimate the
values of nutrients. Two (2) steps were followed for
cleaning the data. First, the ratio of daily energy intake to
the estimated energy requirement EER was calculated for
each person per day, then transformed to the logarithmic
scale to remove outliers below -3 standard deviations
(SD) and above +3 SD for each age group. Implausible
micronutrient intakes, excessive intakes were defined as
those that exceeded 1.5 times the 99th percentile of
the observed intake distribution of the nutrient in the
corresponding sex and age group. Intakes above the upper
limit were substituted by a random value generated from a
uniform distribution in the intervals with the lower bound
equal to the 95th percentile of the observed intake and an
upper bound equal to 1.5 times the 99th percentile [15].
The EER was calculated for each individual by using
the equations for maintenance of body weight from
the Institute of Medicine (IOM) based on age, gender,
weight, height, and physical activity information [16].
We assumed a sedentary physical activity level for all
preschoolers, and low activity for all young and older
school children since the physical activity level of children
was not included in the survey. Forty children aged 3-5
years were excluded in the study since they don't have
height-for-age Z-score calculated. Another 27 children
were excluded after detecting the outliers that may affect
our estimates. A total of 8,814 children were included in
the analysis.
Dietary Diversity Score (DDS) was calculated for each
child using 10 food groups ( (1) cereals, roots and tubers,
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(2) meat, poultry, and fish, (3) other vegetables, (4) eggs,
(5) other fruits, (6) dairy, (7) vitamin A rich fruit and
vegetables, (8) legumes, pulses and nuts, (9) oils and
fats, and (10) other) based on the basic guidelines for
validating DDS in non-breastfeeding children [17]. The
food group ''other,'' consisting of sugar, condiments,
and spices, etc., was excluded in the analysis since this
group does not contribute substantial nutrients. DDS was
calculated by applying a 10-g minimum intake for all
food groups. Total DDS was calculated by summing the
number of each food groups consumed by the child in
the 24-h period only. Individual DDS of less than four
(<4) denotes inadequate intake (Low DDS) while ≥4
considered adequate (High DDS) [18].

2.4. Statistical Analysis
PC Software for Intake Distribution Estimation version
1.02 (PC-SIDE) implements the Iowa State University
(ISU) method to estimate the distributions of usual intake
of nutrient intake. This program estimates distributions of
usual nutrient intake by removing the effect of day-to-day
(intra-person) variability in intake from daily intakes. The
Estimated Average Requirements (EARs) defined by the
Philippine Dietary Reference Intakes (PDRI) 2015 will
serve as the cut-offs to calculate the prevalence of
inadequacy of each nutrient. Prevalence of inadequacy of
carbohydrates and crude protein as percentage of total
energy was evaluated using Acceptable Macronutrient
Distribution Ranges (AMDR). The proportion of inadequate
intakes was classified as less than the AMDR lower range
[19,20].
Stata 15 (Stata Statistical Software, release 15, Stata
Copr. 2017) was used for all data processes and statistical
tests. The percentage of children consuming each food
group was expressed by the percentage of individuals who
consumed specific foods or food groups at least once in
the 24-h dietary recall, regardless of the amount consumed
[21]. Median (25th, 75th percentile) intake per capita of
each food group was also calculated for comparison of the
consumption between non-stunted and stunted children.
T-tests were performed to examine the mean differences
of energy and nutrient intakes between non-stunted
and stunted groups based on the means and standard
errors from the PC-SIDE. Test for the difference of two
population proportions was used to test the difference of
the prevalence of inadequacy of each nutrient between
non-stunted and stunted groups. A Chi-square test was
performed to test the association between dietary diversity
level and prevalence of stunting. Wilcoxon rank-sum test
is a nonparametric test that is used to assess whether the
distribution of the consumption of each food group intake
differs between non-stunted and stunted groups. Pearson's
Correlation was done to test the association between
height-for-age (HAZ) and Dietary Diversity Score (DDS).
For the association study, we estimated the best linear
unbiased predictor (BLUP) of usual energy and nutrient
intake, calculated on the PC-SIDE software. We generated
quartiles (Q1, Q2, Q3, & Q4) to categorize each estimated
usual energy, nutrient, and food group intakes into four
groups using xtile command. Quartile 1 represents the
lowest intake while Quartile 4 represents the highest
intake. For the prevalence of stunting, we used
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multivariate logistic regression to estimate the adjusted
odds ratio (OR) comparing Q4, Q3, and Q2 to the lowest
quartile (Q1) adjusted for covariate sex, urbanity, and
wealth quintile [22]. All 15 nutrients and 9 food groups
including dietary diversity levels were included in the
logistic regression model. Backward selection with 0.10
level of significance for removal and 0.05 significance
level for the addition were applied in the model. Factor
variables were inserted in the model from greatest to least
important on the child's growth. A p-value < 0.05 was
considered statistically significant and all tests were
two-sided. All analyses were accounted for the complex
survey design and sampling weights to reflect nationally
representative results.

3. Results
Table 1 shows the descriptive characteristics of the
participants. Boys and girls were equally distributed for all
groups. More than half of these children were from rural
residences (59%). Half of the participants were classified
as poor while the other half was divided into middle and
rich groups. Overall, about three out of ten of these
children were stunted. For preschoolers, the mean body
weight (standard deviation), height (standard deviation),
and BMI (standards deviation) were 15 kg (3), 100 cm
(7.6), and 15 kg/m2 (1.8), respectively; 22 kg (5.2), 119
cm (8.5), and 15 kg/m2 (2.2) for young school children;
and 31 kg (8.4), 137 cm (9.4) and 16 kg/m2 (2.8) for older
school children.
Table 1. Characteristics of the Participants (NNS 2013, Philippines)

Sample, n
Sex1
Boys
Girls
Urbanity1
Rural
Urbanity
Wealth Quintile1
Poor
Middle
Rich
Prevalence of Stunting1
Non-stunted
Stunted
Anthropometrics2
Body Weight (kg)
Height (cm)
BMI (kg/m2)

3-5
years old
2427

Age Group
6-9
years old
3594

10-12
years old
2971

1196 (49)
1231 (51)

1841 (51)
1753 (49)

1546 (52)
1425 (48)

1385 (57)
1042 (43)

2060 (57)
1534 (43)

1764 (59)
1207 (41)

1229 (52)
451 (19)
681 (29)

1812 (52)
649 (19)
1030 (19)

1581 (54)
519 (18)
798 (27)

1647 (69)
740 (31)

2511 (71)
1018 (29)

1988 (68)
2925 (32)

15 ± 3
99.8 ± 7.6
15 ± 1.8

21.6 ± 5.2
119.2 ± 8.5
15 ± 2.2

31.3 ± 8.4
137.2 ± 9.4
16.4 ± 2.8

1

Values are n (%)
Values are mean (standard deviation).

2

3.1. Pre-schoolers (Age 3-5 Years Old)
The average mean usual energy intake of stunted
preschooler was significantly lower (867 kcal/d) than
non-stunted preschoolers (1048 kcal/d) (Table 2).
Furthermore, the mean energy intake of non- stunted and
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stunted children were 10% and 15% lower than the EER,
respectively (Figure 1).
The mean carbohydrate intake as a percentage
of total energy was significantly higher for stunted
preschoolers in contrast with the non-stunted preschoolers.
All mean nutrient intakes of stunted preschoolers were
significantly lower compared to the mean nutrient
intakes of non-stunted preschoolers. Although a high
prevalence of inadequacy was noticed for fiber, calcium,
and iron intake for both groups, results showed that
stunted preschoolers had a significantly higher prevalence
of inadequacy compared to non-stunted preschoolers
(Table 2). Also, the correlation test showed that DDS
was positively correlated to the height-for-age Z-score
(ρ=0.122, P<0.001) (Figure 2), and the chi-square
test confirmed a significant association between the
prevalence of stunting and DDS level (Table 5). The
consumption of Meat, Pork, and Fish, Cereals, Roots, and
Tubers and Dairy significantly differ between non-stunted
and stunted preschoolers (Table 6).

nutrient intakes of non-stunted young children except
for carbohydrates as a percentage of the total energy.
Mean carbohydrate as a percentage of total energy
was significantly higher for stunted young children
as compared with non-stunted young children. For
both groups, the inadequacy of calcium and iron was
highly prevalent ranging from 70%-95% followed
by vitamin C, folate, thiamin, and riboflavin with
42%-69%. However, stunted young children had a
higher prevalence of inadequacy compared to non-stunted
young children for all nutrients except for vitamin C and
protein (Table 3). The correlation test showed that DDS
was positively correlated to the height-for-age Z-score
(ρ=0.094, P<0.001) (Figure 2), and the chi-square test
showed a significant association between the prevalence
of stunting and DDS level (Table 5). The consumption of
Meat, Pork, and Fish and Cereals, Roots and Tubers, and
Dairy significantly differ between non-stunted and stunted
young school children (Table 7).

3.3. Older Children (Age 10-12 Years Old)
3.2. Young Children (Age 6-9 Years Old)

Also in Table 2, the average mean usual energy intake
of stunted older children was significantly lower (1339
kcal/d) than non-stunted older children (1618 kcal/d).
(Table 2). Furthermore, the mean EER of non- stunted
older children (2020 kcal/d) was 25% higher compared to
their average energy intake (1618 kcal/d) while the
average EER of stunted older children (1716 kcal/d)
was 28% higher compared to the mean energy intake
(1339 kcal/d) (Figure 1).

In Table 3, the average mean usual energy intake of
stunted young children was significantly lower (1126
kcal/d) than non-stunted young children (1289 kcal/d).
Furthermore, the mean energy intake of non- stunted and
stunted children were 19% and 18% higher than the EER,
respectively (Figure 1).
The mean nutrient intakes of stunted young
children were significantly lower compared to the mean

Table 2. Mean Usual Nutrient Intakes and Prevalence of Inadequacy for All 3-5 Year Old By Height Status
Nutrients

EAR/ AMDR1

Sample, n

Mean ± SE

Prevalence of Inadequacy

Non-stunted

Stunted

1642

735

Non-stunted

Stunted

Macronutrients
Energy (kcal/d)

-

1048 ± 28.2

867.6 ± 10.9*

-

-

Crude Protein (g/d)

17.5

33.2 ± 0.3

27.1 ± 0.4*

7

18*

Carbohydrate (g/d)

-

169.8 ± 1.4

149.1 ± 1.9*

-

-

Protein (%)

6-15a

12.8 ± 0.05

12.5 ± 0.1*

0

0

Carbohydrate (%)

55-79a

66.1 ± 0.2

74.6 ± 0.3*

10

5*

As percentage of total energy

B vitamins
Thiamine (mg/d)

0.4

0.6 ± 0.01

0.4 ± 0.01*

35

58*

Riboflavin (mg/d)

0.4

0.7 ± 0.01

0.4 ± 0.01*

33

62*

Niacin (mg/d)
Vitamin B6 (mg/d)

5

9.5 ± 0.1

7.9 ± 0.1*

8

18*

0.5

0.7 ± 0.01

0.6 ± 0.01*

27

42*

Vitamin B12 (mg/d)

0.9

2.1 ± 0.03

1.8 ± 0.04*

16

27*

Folate DFE (μg/d)

160

138.4 ± 1.7

121.1 ± 2.8*

69

76*

Calcium (mg/d)

440

323.2 ± 5.5

217.4 ± 4.9*

79

94*

Phosphorus (mg/d)

405

525.3 ± 5.4

416.7 ± 6*

33

53*

Zinc (mg/d)

3.25

3.8 ± 0.04

3 ± 0.05*

43

66*

Vitamin C (mg/d)

17

19.9 ± 0.5

16.8 ± 0.5*

54

63*

Iron (mg/d)

7.5

6 ± 0.1

4.7 ± 0.1*

75

89*

Magnesium (mg/d)

70b

97.6 ± 1.1

83.5 ± 1.3*

-

-

Bone-related nutrients

Other micronutrients

1

Philippine Dietary Reference Intakes (PDRI) 2015 recommendations
Values shown for protein and carbohydrates as percentage of total energy are AMDRs, not EAR.
b
Value was the Recommended Nutrient Intake (RNI) not EAR.
a
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Figure 1. Comparing the Usual Mean Energy Intake to the Estimated Energy Requirement (EER) and Recommended Energy Intake (REI) By Height
Status. (Sources: Institute of Medicine and Philippine Dietary Reference Intakes)
Table 3. Mean Usual Nutrient Intakes and Prevalence of Inadequacy for All 6-9 Year Old By Height Status
Nutrients

EAR/ AMDR

Sample, n

Mean ± SE

Prevalence of Inadequacy

Non-stunted

Stunted

2507

1013

Non-stunted

Stunted

Macronutrients
Energy (kcal/d)

-

1289 ± 8.1

1126 ± 13.9*

-

-

Crude Protein (g/d)

24

40.3 ± 0.2

34.6 ± 0.4*

7

24*

Carbohydrate (g/d)

-

218 ± 1.4

202.7 ± 2.5*

-

-

Protein (%)

6-15a

12.7 ± 0.04

12.5 ± 0.06*

0

0

Carbohydrate (%)

55-79a

68.5 ± 0.1

72.5 ± 0.2*

4

2*

Thiamine (mg/d)

0.55

0.6 ± 0.01

0.5 ± 0.01*

42

65*

Riboflavin (mg/d)

0.55

0.6 ± 0.01

0.5 ± 0.01*

51

72*

7

12.3 ± 0.1

10.6 ± 0.1*

7

23*

Vitamin B6 (mg/d)

0.65

0.9 ± 0.01

0.8 ± 0.01*

22

41*

Vitamin B12 (mg/d)

1.15

2.5 ± 0.03

2.4 ± 0.05*

10

19*

Folate DFE (μg/d)

160

157.9 ± 1.6

150.9 ± 3.1*

59

65*

Calcium (mg/d)

440

270 ± 2.4

226.4 ± 3.6*

91

95*

Phosphorus (mg/d)

405

606.1 ± 4

534.5 ± 6.8*

13

30*

Zinc (mg/d)

3.4

4.5 ± 0.04

3.7 ± 0.06*

31

52*

Vitamin C (mg/d)

22.5

22.3 ± 0.3

19.7 ± 0.5*

69

61*

Iron (mg/d)

8.2

7.5 ± 0.1

6.1 ± 0.1*

70

81*

122.2 ± 0.8

113.9 ± 1.5*

-

-

As percentage of total energy

B vitamins

Niacin (mg/d)

Bone-related nutrients

Other micronutrients

Magnesium (mg/d)

90

b

1
a

Philippine Dietary Reference Intakes (PDRI) 2015 recommendations
Values shown for protein and carbohydrates as percentage of total energy are AMDRs, not EAR.
Value was the Recommended Nutrient Intake (RNI) not EAR.

b

The mean carbohydrates as a percentage of total
energy were significantly higher for stunted older
children compared to non-stunted children. All other mean
nutrients were lower for stunted older children compared
to non-stunted children. High prevalence of inadequacy of
calcium, iron, vitamin C, phosphorus, folate, riboflavin,
and thiamin intake was ascertained for both groups
spanning from 56%-98%. Stunted older children were
more inadequate for all nutrients except for protein, folate,

and vitamin C as compared to non-stunted older children
(Table 4). DDS remained positively associated with the
height-for-age Z-score (ρ=0.096, P<0.001) (Figure 2)
while the chi-square test showed no significant association
between the prevalence of stunting and DDS level
(Table 5). The consumption of Meat, Pork, and Fish
and Cereals, Roots, and Tubers significantly differ
between non-stunted and stunted older school children
(Table 8).
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Table 4. Mean Usual Nutrient Intakes and Prevalence of Inadequacy for All 10-12 Year Old By Height Status

Nutrients

EAR/ AMDR

Mean ± SE

Prevalence of Inadequacy

Non-stunted

Stunted

1981

936

Sample, n

Non-stunted

Stunted

Macronutrients
-

1618 ± 11.7

1339 ± 15.2*

-

-

Crude Protein (g/d)

Energy (kcal/d)

34.5

50.4 ± 0.4

41.2 ± 0.4*

16

34*

Carbohydrate (g/d)

-

282.2 ± 2.1

243.9 ± 2.9*

-

-

12.6 ± 0.04

12.5 ± 0.05*

0

0

As percentage of total energy
Protein (%)

6-15a
a

Carbohydrate (%)

55-79

70.6 ± 0.2

73.3 ± 0.2*

3

1*

B vitamins
Thiamine (mg/d)

0.75

0.8 ± 0.01

0.6 ± 0.01*

56

81*

Riboflavin (mg/d)

0.8

0.7 ± 0.01

0.5 ± 0.01*

74

89*

Niacin (mg/d)

9.5

15.7 ± 0.1

12.7 ± 0.1*

11

25*

Vitamin B6 (mg/d)

0.9

1.1 ± 0.01

0.9 ± 0.01*

31

53*

Vitamin B12 (mg/d)

1.6

3 ± 0.03

2.9 ± 0.05*

14

18*

Folate DFE (μg/d)

250

185.3 ± 2.4

176.2 ± 4.2*

79

80NS

Calcium (mg/d)

440

304.9 ± 2.8

254 ± 4*

88

92*

Phosphorus (mg/d)

1055

762.8 ± 5.7

634.8 ± 7.2*

87

95*

Zinc (mg/d)

4.25

5.7 ± 0.1

4.2 ± 0.05*

33

58*

34.5

23.5 ± 0.4

21 ± 0.5*

81

83NS

Bone-related nutrients

Other micronutrients
Vitamin C (mg/d)
Iron (mg/d)

13.4

8.6 ± 0.1

6.6 ± 0.1*

90

98*

Magnesium (mg/d)

155b

156.1 ± 1.3

134.7 ± 1.7*

-

-

1

Philippine Dietary Reference Intakes (PDRI) 2015 recommendations
Values shown for protein and carbohydrates as percentage of total energy are AMDRs, not EAR.
b
Value was the Recommended Nutrient Intake (RNI) not EAR.
a

Figure 2. Mean Height-For Age Z-Score by Dietary Diversity Score
Table 5. Dietary Diversity Score Level By Height Status

3-5 years old
High DDS (≥4)
Low DDS (<4)
6-9 years old
High DDS (≥4)
Low DDS (<4)
10-12 years old
High DDS (≥4)
Low DDS (<4)
Chi-square Test for Association, *significant at α=0.05.

2

Non-stunted
n (% row)

Stunted
n (% row)

p-value2
n (% row)

510 (74.6)
1132 (66.9)

174 (25.4)
561 (33.1)

0.000*

841 (74.4)
1666 (69.7)

290 (25.6)
723 (30.3)

0.005*

736 (69)
1245 (67.3)

332 (31)
604 (32.7)

0.376NS
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Table 6. Percentage Consuming and Food Group Intake of Preschoolers Aged 3-5 Years Old By Height Status
Non-stunted (n=1647)

Stunted (n=740)

Children Consuming, n (%)

Food Intake, g

Children Consuming, n (%)

Food Intake, g1

p-value2

Cereals, roots and tubers

1645 (99)

157.2 (103, 226)

738 (99)

140.6 (95, 205)

0.007*

Meat, poultry, fish

1382 (84)

60.1 (30, 102)

577 (78)

44.1 (22, 71)

0.000*

Other vegetables

402 (24)

21.8 (12, 38)

209 (28)

21.1 (13, 32)

0.287

Food Groups

1

Eggs

448 (27)

35.2 (18, 55)

187 (25)

31 (18, 46)

0.187

Other fruits

260 (16)

53.1 (22, 108)

140 (19)

53.1 (23, 94)

0.928

Dairy

690 (42)

33 (19, 72)

169 (23)

28.2 (10, 48)

0.001*

Vitamin A rich fruits and vegetables

394 (24)

10 (5, 20)

222 (30)

11.7 (6, 21)

0.263

Legumes, pulses and nuts

290 (18)

17.5 (9, 33)

126 (17)

17.4 (9, 33)

0.739

Oils and Fats

1008 (61)

3.8 (2, 7)

408 (55)

3.6 (2, 7)

0.975

1

Values are medians (25th, 75th percentiles)
Wilcoxon rank-sum test, *significant at α=0.05.

2

Table 7. Percentage Consuming and Food Group Intake of Young School Children Aged 6-9 Years Old By Height Status
Non-stunted (n=2511)

Stunted (n=1018)

Children Consuming, n (%)

Food Intake, g

Children Consuming, n(%)

Food Intake, g1

p-value2

Cereals, roots and tubers

2511 (100)

215.2 (164, 298)

1018 (100)

198.7 (140, 285)

0.001*

Meat, poultry, fish

2273 (90)

75.1 (40, 130)

834 (82)

59.5 (30, 104)

0.000*

Other vegetables

737 (29)

27.7 (14, 52)

305 (30)

28.4 (16, 55)

0.052

Food Groups

1

Eggs

726 (29)

35.2 (19, 55)

247 (24)

35.2 (21, 55)

0.65

Other fruits

406 (16)

53 (22, 111)

206 (20)

66.4 (26, 118)

0.094

Dairy

588 (23)

21.9 (12, 40)

125 (12)

18.8 (9, 33)

0.01*

Vitamin A rich fruits and vegetables

699 (28)

11.7 (6, 23)

348 (34)

12.7 (6, 27)

0.075

Legumes, pulses and nuts

469 (19)

18 (10, 36)

213 (21)

18.3 (13, 39)

0.254

Oils and Fats

1712 (68)

5 (3, 9)

599 (29)

5 (2, 8)

0.06

1

Values are medians (25th, 75th percentiles)
Wilcoxon rank-sum test, *significant at α=0.05.

2

Table 8. Percentage Consuming and Food Group Intake of Older School Children Aged 10-12 Years Old By Height Status
Non-stunted (n=1988)

Stunted (n=937)

Children Consuming, n (%)

Food Intake, g

Children Consuming, %

Food Intake, g1

p-value2

Cereals, roots and tubers

1986 (99)

284.7 (199, 397)

936 (99)

245.9 (165, 351)

0.000*

Meat, poultry, fish

1811 (91)

96.4 (50, 157)

799 (85)

69.5 (35, 122)

0.000*

Other vegetables

668 (34)

32.6 (16, 64)

314 (33)

35.7 (19, 67)

0.265

Eggs

534 (27)

35.2 (20, 55)

218 (23)

35.2 (22, 55)

0.508

Other fruits

326 (16)

67.5 (31, 142)

198 (21)

64.3 (26, 106)

0.451

Dairy

330 (17)

19.9 (10, 46)

101 (11)

18.8 (10, 33)

0.105

Food Groups

1

Vitamin A rich fruits and vegetables

687 (34)

16.1 (7, 32)

339 (36)

16.4 (8, 35)

0.48

Legumes, pulses and nuts

422 (21)

26.2 (16, 51)

207 (22)

26.2 (13, 52)

0.712

Oils and Fats

1361 (68)

5.4 (3, 10)

585 (62)

5 (2,8)

0.168

1

Values are medians (25th, 75th percentiles)
Wilcoxon rank-sum test, *significant at α=0.05.

2

3.4. Logistic Regression Analysis
Table 9 - Table 11 shows the association between food
group intakes, nutrient intakes, and the prevalence of
stunting. For preschoolers, after adjustment children with
higher intake of calcium (Q4) (OR=0.53, 95% CI: 0.38,
0.76) were less likely to become stunted compared
to lowest calcium intake (Q1) (Table 9). For young
school-aged children, risk of stunting was less frequent
among children with higher intakes of crude protein (Q4)

(OR=0.59, 95% CI: 0.41, 0.84) iron (Q4) (OR=0.67,
95% CI: 0.46, 0.97) and lower intake of magnesium (Q4)
(OR=1.42, 95% CI: 1.02, 1.98) (Table 10). Compared to
the lowest quartile of crude protein and thiamin intake
(Q1), higher intake of protein and thiamin (Q4) was
associated with 40% and 34% reduced odds of being
stunted among older school-aged children after adjusting
for potential confounders (sex, urbanity, wealth quintile)
(OR=0.60, 95% CI: 0.42, 0.87) (OR=0.66, 95% CI: 0.45,
0.98) (Table 11).
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Table 9. Adjusted Odds Ratio (OR) of the Estimated Usual Nutrient
Intakes for Stunted Filipino Preschool Children Aged 3-5 Years Old,
NNS 2013
Factors
Sex

Urbanity

Wealth Tertiles

Calcium

Male
Female

Adjusted OR1 (95% CI)
1
1.08 (0.85, 1.35)

p-value
0.523

Rural
Urban

1
0.96 (0.75, 1.24)

0.773

Poor
Middle
Rich

Q1
Q2
Q3
Q4

1
0.46 (0.34, 0.61)
0.24 (0.17, 0.34)

1
0.85 (0.61, 1.17)
0.58 (0.42, 0.82)
0.53 (0.38, 0.76)

<0.001*
<0.001*

0.318
0.002*
0.001*

Table 11. Adjusted Odds Ratio (OR) of the Estimated Usual
Nutrient Intakes For Stunted Filipino Older School Children Aged
10-12 Years Old, NNS 2013

Sex

Urbanity

Wealth Tertiles

Crude Protein

Abbreviations: CI, confidence interval; OR, odds ratio.
1
Using multiple logistic regression analysis adjusted for sex, urbanity,
and wealth tertiles.
Note: Quartile 1 represents the lowest intake while Quartile 4 represents
the highest intake.
Table 10. Adjusted Odds Ratio (OR) of the Estimated Usual
Nutrient Intakes For Stunted Filipino Young School Children Aged
6-9 Years Old, NNS 2013
Factors
Sex

1

Male
Female

Adjusted OR (95% CI)
1
0.80 (0.68, 0.93)

p-value
0.010*

Urbanity

Rural
Urban

1
0.80 (0.66, 0.94)

0.013*

Wealth Tertiles

Poor
Middle
Rich

1
0.67 (0.53, 0.83)
0.31 (0.24, 0.40)

<0.001*
<0.001*

Crude Protein

Q1
Q2
Q3
Q4

1
0.65 (0.82, 0.83)
0.66 (0.49, 0.89)
0.59 (0.41, 0.84)

0.001*
0.006*
0.003*

Iron

Q1
Q2
Q3
Q4

1
0.81 (0.63, 1.06)
0.74 (0.54, 1.03)
0.67 (0.46, 0.97)

0.125
0.070
0.036*

Magnesium

Q1
Q2
Q3
Q4

1
1.12 (0.87, 1.42)
1.12 (0.84, 1.48)
1.42 (1.02, 1.98)

0.376
0.419
0.037*

Abbreviations: CI, confidence interval; OR, odds ratio.
1
Using multiple logistic regression analysis adjusted for sex, urbanity,
and wealth tertiles.
Note: Quartile 1 represents the lowest intake while Quartile 4 represents
the highest intake.

Adjusted OR1 (95% CI)

Factors

Thiamin

p-value

Male

1

-

Female

0.67 (0.56, 0.80)

<0.001*

Rural

1

-

Urban

0.87 (0.71, 1.05)

0.157

Poor

1

-

Middle

0.61 (0.48, 0.78)

<0.001*

Rich

0.38 (0.31, 0.49)

<0.001*

Q1

1

-

Q2

0.94 (0.72, 1.21)

0.627

Q3

0.66 (0.48, 0.90)

0.010*

Q4

0.60 (0.42, 0.87)

0.007*

Q1

1

-

Q2

0.95 0.72, 1.24)

0.696

Q3

1.04 (0.75, 1.45)

0.797

Q4

0.66 (0.45, 0.98)

0.040*

Abbreviations: CI, confidence interval; OR, odds ratio.
1
Using multiple logistic regression analysis adjusted for sex, urbanity,
and wealth tertiles.
Note: Quartile 1 represents the lowest intake while Quartile 4 represents
the highest intake.

4. Discussion
This study aims to evaluate the association of usual
nutrient and food intake of stunted children aged 3 to 12
years old and the risk of stunting. First, we found out that
stunted children have significantly lower intakes of almost
all key nutrients needed for growth and development and
also a high prevalence of inadequacy than non-stunted
children. Second, stunted children have lower consumption
of Meat and Protein Food, Cereals Roots and Tubers, and
Dairy and lack of food diversity than non-stunted children.
Lastly, we found a highly significant association between
the prevalence of stunting and intake of calcium for
preschool children; and crude protein for young and older
school-aged children. This association remained significant
even after taking potential confounders into account.
Based on the WHO report, the most direct causes
of stunting were inadequate nutrition and diseases
which causes poor absorption of nutrients. Our results
showed that stunted children have significantly low mean
energy intake. According to the Food and Agriculture
Organization of the United Nation (FAO) the prevalence of
undernourishment (proportion of the population whose
habitual food consumption is insufficient to provide the
dietary energy levels that are required to maintain a
normally active and healthy life) of the Philippines was
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13.3% (i. e. 13.9 million people) in the year 2016-2018
[23]. Tessema, et al. found that linear growth failure in
Ethiopian children was more likely to be associated with
low-quality protein intake and inadequate energy intake
[24]. During childhood, energy intake from carbohydrates,
protein, and fats must be meeting the requirements because
during these stages physical activity is increasing. Inadequate
intake of energy will hamper the normal physiological growth
of children. Also, stunting has a negative implication for
the achievement of educational objectives and school
performance [25,26]. Energy serves as fuel to the body for
internal functions such as repairs, builds and maintains
cells and body tissues, and external functions e.g. walking,
eating, running, etc. Researchers claim that calorie was
needed for basal metabolism, body composition, digestion
and absorption, physical energy, and mental energy
[27,28]. A study analyzed the influence of calorie intake
on the human body stating that if the calorie level were
too low, muscle mass is broken down for getting energy to
support the daily activities, a process known as catabolism
which can be very dangerous, the basal metabolic rate will
begin to get lower after three days, and a state of
discomfort, nutritional deficiencies, fatigue, and irritability
is associated with this low level of calories [29].
Stunted children were more deficient for almost all
nutrients compared to non-stunted children. Research
studies found out that the mean intake of total protein,
phosphorus, calcium, vitamin C, and zinc of stunted
children was also significantly lower than those of their
non-stunted counterparts [30,31]. Micronutrients are
essential components of a high-quality diet and have an
extreme impact on health. Even though nutrients were
required in minuscule amount, these are the essential
building blocks of healthy brains, bones, and bodies.
Inadequate intake of such nutrients leads to micronutrient
deficiencies [32]. Bone was strongly influenced not only
by calcium, protein, phosphorus, magnesium, vitamin D,
and fluoride but also by several other vitamins and
minerals [33]. Sufficient dietary protein provides the
amino acids required for muscle protein synthesis and
lessens the risk of falls (e.g. Saropenia - loss of muscle
strength and mass) [34,35]. A long term deficiency of
calcium may increase chronic disease risk [36,37]. Zinc
deficiency limits the growth of both animal and
human studies [38,39,40]. Folic acid is essential during
pregnancy to prevent neural tube defect to the child's early
development and vitamin B12 deficiency may affect the
fetal development through disruptions in myelination and
inflammatory processes and continuous deficiency of both
vitamins are associated with a higher risk of depression
in adulthood. Vitamin B12 deficit may lead to acute
neurological symptoms affecting the nervous system
[41,42]. Scurvy was brought about by lack of vitamin C
which describes as hemorrhage which can happen in
practically any organ and bone development is adjusted
and get weak [43]. Positive balance phosphorus along with
calcium supports bone augmentation and maintenance [44].
Our study also showed that stunted children have low
consumption of Meat, Pork, and Fish, Cereals, Roots and
Tubers, and Dairy. A study conducted by Esfarjani, et al.
claims that dietary patterns with high in protein (e.g. dairy,
legumes, and meat products) and carbohydrates (e.g. fruits,
sweets, and desserts) potentially associated with the declined

524

risk of stunting [45]. Also, low consumption meat and
dairy product were associated with the prevalence of
stunting [46,47,48]. More than 90% were inadequate in
calcium intake and a very low percentage of children
consuming dairy. Dairy has an ample of calcium content.
Dairy consumption should be recommended to increase in
Filipino populations to improve the calcium intake and
prevent osteoporosis or other bone-related diseases caused
by calcium deficiency. Red meat contains essential nutrients
such as protein, essential amino acids, vitamins, and minerals
that are the most common nutrient shortages in the world,
including vitamin A, iron, and zinc [49]. However, we
should consider animal foods high in saturated fat and
cholesterol like meat may have bad implications to
our health [50]. Cereals, Roots, and Tubers provide
carbohydrates and carbohydrate is the main source of
energy that is needed for daily activities and the primary
fuel source for your brain's high energy demands [51].
Higher calcium intake was a significant factor in
reducing the risk of stunting for preschool children.
Prevalence of calcium intake among Filipino toddlers was
extremely high and rice and sweetened beverages were top
3 and 4 sources calcium. Three out of ten children aged
3-5 years old were consuming cow’s milk (6). In our
results, almost half (42%) of non-stunted preschoolers
were consuming dairy while only 23% for stunted
preschoolers. A study also supported our result that a low
intake of calcium seems to significantly contribute to the
high levels of stunting [52]. Dietary calcium and calcium
supplementation resulted in higher bone mineral content
(BMC), bone mineral density (BMD), and size-adjusted
BMC of Gambian children and elderly (>50 years old)
[53,54]. Consumption of milk, milk products, and other
calcium-rich food such as small fish and shellfish must
increase to reduce the risk of stunting.
Higher protein intake was a significant factor in
reducing the risk of stunting during school age (6-9 years
old and 10-12 years old). Low protein intake was a
substantial risk factor for stunting in school-aged children
[55]. Lee’s study on dietary protein consumption patterns
in countries in Southeast Asia with high rates of stunting
indicated that the predominant staples in the Southeast
Asian diet were rice and other cereals, low levels of
usable protein, and lack of essential amino acids and
micronutrients. [56]. Protein-energy malnutrition (PEM)
was one of the major deficiency disorders and manifested
by children for being underweight, wasted, and stunted
resulting from inadequate intake of energy and/or
protein-rich food [57]. Studies persistently proved that
eating more protein leads to improved bone health
[58,59,60,61]. High-quality protein food provides the
amino acids which play a critical role in the body.
Insufficient protein-quality food (animal-source and/or
plant source) increased the risk of inadequate intake of
protein and most micronutrients, especially children [62].

5. Strengths and Limitations
This study provides population-based sources of data
on the food and nutrient intake of stunted school children
which may contribute to the understanding of the still high
prevalence of stunting in the country.
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All nutrients were calculated based only on food and
beverages consumed by children. Food supplements were
not included in the analysis. The participant/mother/caregiver
may not report the exact food amount during recall. About
half of the updated food composition database was built
by adopting data from the National Nutrient Database of
the United States Department of Agriculture and some
other nearby Asian countries. All these limitations may
over- or underestimated the child's dietary consumption.
However, with a large sample size with the corresponding
survey weights and the right statistical tool applied in all
the analyses to be nationally represented, these limitations
have been reduced and the data could represent valuable
national information.
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[5]

[6]

6. Conclusion and Recommendation
Indeed, stunted children have low consumption of all
key nutrients necessary for normal growth and development.
This can be explained by low food diversity and poor
nutrient-dense foods consumed by these children. We
found that adherence to higher calcium and protein intake
influenced the likelihood of the risk of being stunted
among children. However, an appropriate recommendation
for nutrient intake must be followed.
Based on the findings of the study it is recommended
that healthcare professionals must intensify the implementation
of educational and interventional programs to improve the
children's health such as nutrition education (household
and individual level), supplementation with additional protein
and calcium sources, and fortification of foods with nutrients
with a high prevalence of inadequacy; and long-term
diversification of diet to dwindle the incidence of stunting.
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