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Abstract

Objective: This study assessed nutritional status among Thai children using anthropometry,
dietary intakes, and micronutrient status.

Design: Cross-sectional survey with multi-stage cluster sampling. Body weight and height were
measured in all children. Dietary intakes were assessed using 24-hour dietary recall. Biochemical
assessment was performed in one-third of the children.

Setting: The study was conducted in Thailand’s four geographical regions and Bangkok.
Participants: 3478 Thai children aged 0.5-12.9 years.

Results: Stunting showed a downward trend by age group and was most prevalent among infants
and toddlers. Overweight and obesity showed a significant upward trend by age group, location,
and sex, and was highest among children aged 7-12.9 vyears. Risks of inadequate
micronutrient intakes (calcium, iron, zinc, vitamins A, C, and D) were high (53.2-93.6%).
Prevalence of zinc and mild vitamin A deficiencies were low; vitamin D and B12 deficiencies
were nil. Vitamin D insufficiency was significantly higher in the urban area and among girls
aged 7-12.9 years. Anemia was very high in infants and toddlers (56.6 and 35.2%), but showed a
significant downward trend by age group. There was an overall high prevalence of iron
deficiency without anemia (25%) versus iron deficiency anemia (4.2%) among children aged 4-
12.9 years old.

Conclusions: The high prevalence of stunting and anemia among children aged 1-3.9 years and
overweight and obesity among children aged 7-12.9 years requires continued attention. While
prevalence of biochemical micronutrient deficiencies was not high (except for iron), high
prevalence of dietary inadequacies for several micronutrients warrants further in-depth

investigations.

Keywords: nutritional status; anthropometry; nutrient intakes; micronutrient status; Thai

children
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Introduction

Rapid global industrialization, especially in Asia, has brought about lifestyle and dietary changes
that impact on the nutrition and health of populations®™. For many countries, including Thailand,
these changes are rooted in economic, social, and political conditions that can lead to a triple
burden of malnutrition, that is, the coexistence of overweight/obesity, undernutrition, and
micronutrient deficiencies. Globally, while the prevalence of stunting in children has declined,
the prevalence of overweight and obesity rose rapidly between 2000 and 2019®. Moreover, the
South East Asian region is facing multiple forms of malnutrition due to these dramatic
changes®. Micronutrient deficiencies, especially for vitamin D, iron, and zinc, are widely
prevalent among children®. Moreover, moderate and severe anemia among children aged under
5 years as well as pregnant women continues to be a significant public health challenge®.

Among Thai children aged 0-5 years, prevalence of stunting and wasting was 10.5% and
5.4% in 2016 and 13.3% and 17.7% in 2019. On the other hand, the prevalence of overweight
and obesity was 8.2% in 2016 and 9.2% in 2019 . The coexistence of both undernutrition and
overnutrition has also been shown among older children. The prevalence of stunting and wasting
in children aged 6-11 years ranged from 3.3% to 4.1% in 2009 and from 2.8% to 4.9% in 2014.
In contrast, the prevalence of overweight and obesity ranged from 6.8% to 10.4% in 2009, and
8.8% t0 17.5% in 20149,

The South East Asian Nutrition Survey 2010/2011 (SEANUTS 1), one of the largest
multicenter nutrition and health studies in South East Asia, was conducted among approximately
17,000 children in Indonesia, Malaysia, Thailand, and Vietnam"®. In Thailand, SEANUTS |
measured anthropometry, selected micronutrient biomarkers, as well as associated factors, such
as dietary intakes, food habits, and physical activity. In addition, growth, body composition, and
cognitive development and performance in country-representative samples of children aged 0.5
to 12 years were also assessed“% 2. Overall, results demonstrated the existence of double burden
malnutrition, with a higher prevalence of stunting and overweight in rural areas and a higher
prevalence of obesity among urban children'". Over half of the children sampled were at risk of
inadequate dietary intakes for several micronutrients. Anemia prevalence was higher among rural
children, whereas the prevalence of vitamin D deficiency was more pronounced among urban
children. These national level data contributed to initiating the Miracle of 1,000 Days (First

1,000 Days) policy and other nutrition-related child health programs in Thailand®?.
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Two nationally representative surveys conducted every 3 and 5 years that have looked
into the nutrition situation of Thai children are the Multiple Indicators Cluster Survey (MICS)!")
and the National Health Examination survey (NHES)®. However, while these surveys included
investigations into child anthropometry, infant and young child feeding practices, and eating
behaviors, they did not address dietary intakes and entail biochemical assessments.

Consequently, SEANUTS Il 2020/2021 aimed at obtaining up-to-date data and deeper
insights into the nutritional situation of Thai children beyond that of the Thailand MICS, the
NHES, and SEANUTS I. Under SEANUTS II, a comprehensive nutritional status assessment
was conducted that included anthropometry, body composition, dietary intakes, physical activity,
and blood biochemistry for assessing micronutrient status. This article presents key descriptive
results for anthropometry, dietary intakes, and the micronutrient status of Thai children aged 0.5

through 12.9 years from a nationally representative population.

Methods

Study design and areas

This cross-sectional study was conducted among Thai children aged 0.5 to 12.9 years from
January to December 2020. It is part of SEANUTS Il, a multi-center study using the same study
protocol and carried out in four countries, namely, Indonesia, Malaysia, Thailand, and
Vietnam®®. Participants were randomly selected using probability proportional to size sampling
based on 2017 national population data of the Department of Provincial Administration, Ministry
of Interior. A multi-stage cluster sampling approach was used and covered four geographical
regions, namely, Central, Northeast, North, and South, as well as Bangkok. In the primary stage,
systematic sampling of provinces within each region was used to identify three provinces each
from the Central and Northeastern regions and two provinces each from the Northern and
Southern regions. Bangkok, the capital city, was chosen as one study site due to its different
characteristics that may influence lifestyles and is considered an urban area. In the second stage,
a random sample of districts nested within the selected provinces was chosen. In the third (final)
stage, enumeration areas (EA) within each district by area of residence, i.e., municipal (urban)
and non-municipal (rural), were selected. In total, 87 EA (37 EA from municipalities and 50 EA

from non-municipalities), covering 30 districts within 11 provinces across Thailand, were
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selected. Within each EA, a random sample of households was drawn and only one child aged

0.5 to 12.9 years was recruited from a household.

Study population
The study population consisted of 3,478 children aged 0.5 to 12.9 years. Apparently healthy
children were randomly selected from households within each EA; only one child per household
was recruited. Children who were feeling unwell or ill on the day of measurement, those having
cognitive and/or physical disabilities diagnosed by physicians, medical histories of serious
infection, injuries, and/or surgeries requiring hospitalization during the past 3 months, as well as
those having genetic, cardiovascular, or respiratory conditions that limit physical activity were
all excluded.

The sample size was determined by using the following formula to estimate a population

proportion with a specific relative precision®?.
n = Z% p(1- p) DEFF / (tolerable error)®

In this formula, “n” is the total number of participants in each group, “Z” is the confidence level
(o 0.05 and Z: 1.96), “p” is the prevalence (%) of nutritional status, and “DEFF” refers to the
estimated design effect (ratio of the actual variance within the sampling method used to that of
simple random sampling), estimated at 2.0, and with a tolerable error (level of specificity) of 4%.
The calculation was based on the estimated prevalence of stunting, overweight/obesity, vitamin
A deficiency, anemia, and vitamin D insufficiency in each age group from the previous
SEANUTS | survey™?. The largest sample size among key indicators was used. The total
minimum required sample size was 3,186. Taking into account a possible non-response rate of
10%, the sample size should include up to 3,540 children, of which 3,478 children aged 0.5 to

12.9 years were recruited for this study and this represented a 98% response rate.

Data collection procedures
Information on the study population and sociodemographic characteristics of the children’s
parents or caregivers was obtained by interviewing parents or caregivers using a structured

questionnaire. All other assessments including 24-hour dietary recall, anthropometric
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measurements, and blood processing were standardized and administered by trained field staff.
Blood samples were obtained from a random subsample of one-third of the children, either by
finger prick (for children aged 0.5-3.9 y, n=524) or venipuncture (for children aged 4-12.9 vy,
n=635). Children who refused to donate a blood sample were replaced.

All data from the questionnaire interview and anthropometric assessment, except for
dietary intake, were entered directly into the VIEDOC electronic data capture (EDC) system.
The VIEDOC incorporates a built-in range check and skip condition to avoid error recording.

Anthropometric measurements

Body weight and height were measured in all children using a standardized anthropometric
procedure’® by well-trained field staff. Technical error of measurement for anthropometry
assessment was conducted before and at the midpoint of data collection to ensure intra- and
inter-observer variations were minimal among field staff. Measurements were taken in duplicate
and average values were used as the final values. In cases where deviation between the two
readings was higher than the maximum acceptable difference, a third measurement was taken
and the median was used as the final value. Weight of children aged <2 years was measured
using a Seca digital weighing scale model 834 (Seca, Hamburg, Germany) with a precision of £
0.1 kg, while weight of children aged >2 years was measured using a Seca digital weighing scale
model 874 with a precision of + 0.5 kg. Recumbent length in children aged <2 years was
measured in the supine position with a SECA infantometer (SECA 417) to the nearest 0.1 cm.
Height was measured in the standing position for children aged >2 years using a SECA
stadiometer (SECA 217) to the nearest 0.1 cm. The weighing scale was calibrated before data
collection and every 3 months thereafter. Anthropometric status was determined using the WHO
growth standards for 0-5 years® and the WHO growth reference for 5-19 years“”. Z-scores for
weight-for-age (WAZ), height-for-age (HAZ), BMI-for-age (BAZ), and weight-for-height
(WH2Z) were calculated using the software WHO Anthro version 3.2.2 for children aged <5
years'®. For children aged >5 years, the WHO AnthroPlus version 1.0.3 software was used**).
Underweight, stunting, wasting, and thinness were defined as WAZ <-2 SD, HAZ <-2 SD, WHZ
<-2 SD, and BAZ <-2 SD, respectively. Overweight and obesity among children aged <5 years
old were defined as BAZ >2 to <3 SD and BAZ >3 SD. Overweight and obesity among children
aged 5 years and above were defined as BAZ >1 to <2 SD and BAZ >2 SD. A total of 34
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children were excluded from data analysis due to implausible Z-score values (WAZ < -5SD or
WAZ > 5SD, HAZ < -6SD or HAZ > 6SD, WHZ < -6SD or WHZ > 5SD, or BAZ < -5SD or
BAZ > 5SD) 17,

Dietary intake assessment

Dietary intake was assessed using one-day 24-hour dietary recall; weekdays and weekend days
were included. A parent-proxy report by the mother or the main caregiver through a face-to-face
interview was used for children aged 0.5 to 9.9 years, while a child self-report through a face-to-
face interview was used among children aged 10.0 to 12.9 years. The participants were asked
about all foods consumed at home and outside of the home from awakening in the morning to
going to bed during the previous day. Portion sizes were estimated using pictorial food models of
commonly eaten foods. Estimation of cooked rice (the staple food) was carried out by weighing
during the interview. Direct breastfeeding was recorded as breastfeeding occasions, and the
amount of breastfed milk was estimated using the method by the Feeding Infants and Toddlers
Study (FITS) 2008“%. The completeness of the 24-hour recall form was verified by the field
supervisors at each field site. Nutrient intakes were calculated using the INMUCAL-N V 3.1
software®. The Estimated Average Requirement (EAR) cut-point method was used to derive
the prevalence of risk of having inadequate nutrient intakes in a population®?. Except for
calcium, EAR values for the other nutrients were taken from the Dietary Reference Intake (DRI)
for Thais, 2020%. Due to the absence of values in the Thai DRI, the EAR for calcium was based
on harmonized nutrient reference values for populations®”. Nutrient intakes did not include
dietary supplements. Prior to data analysis, implausible values of reported energy intake (rEl)
were checked following the predicted total energy intakes (pTEE) method®. In brief, the pTEE
was estimated based on the predicted total energy requirements for moderate physical activity
from FAO®®). Thereafter, the standard deviation (SD) was calculated from the coefficient of
variation (CV) of the rEl among the study population and the CV of the pTEE values from
FAO®. Finally, the confidence interval limits for plausible rEls were calculated as pTEE + 2

SD. A total of 155 children with under or over-reporting were excluded.
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Biochemical assessments

For children aged 0.5-3.9 years, a 10 uL blood sample was collected from each child through
finger prick and transferred to a microcuvette. Hemoglobin (Hb) concentration was measured by
the colorimetric method using the HemoCue (HemoCueHb201+, HemoCue Diagnostics B.V.,
Eindhoven, The Netherlands). For children aged 4 years and above, approximately 10 mL of
fasting venous blood per child was collected and aliquoted into the tubes. All blood samples
were taken in the morning by phlebotomists. Laboratory supplies for collecting blood samples,
including syringes, needles, KsEDTA blood collecting tubes, microtubes for sample storage, and
pipette tips for transferring blood, were randomly sampled from stock to measure zinc levels
before starting blood collection. None of them were found to be contaminated. Sample
preparation was performed according to the standard protocol by well-trained field staff. Within
one hour of blood collection, serum and plasma were separated using trace-element-free
techniques®”. All samples were immediately stored in an ice box at 4-8 °C, and then frozen with
dry ice within 3—4 hours after sampling. Upon finishing fieldwork at each site, serum and plasma
aliquots were transported to the laboratory at the Institute of Nutrition and were stored at — 80 °C
until analysis. Whole blood collected in KsEDTA tube was used for determining Hb using the
Fluorescent Flow Cytometry. Plasma obtained from the KsEDTA tube was used for plasma zinc
measurement by inductively coupled plasma mass spectrometry (ICP-MS). Serum ferritin and
vitamin B12 concentrations were measured by chemiluminescent microparticle immunoassay
(Abbott/Alinity i). C-reactive protein (CRP) was measured by the immunoturbidimetric method
(Abbott/Alinity c). Serum alpha-1-acid glycoprotein (AGP) and soluble transferrin receptor
(STfR) concentrations were measured by the enzyme-linked immunosorbent assay (ELISA).
Serum retinol concentration was determined by high-performance liquid chromatography
(HPLC) and serum 25-hydroxyvitamin D (25(OH)D) by Liquid Chromatography with tandem
mass spectrometry (LC-MS/MS).

Quiality control (QC) samples were simultaneously analyzed during sample analysis for
each parameter. Coefficient of variations (CV) of QC samples were 2.0-2.6% for Hb, 2.7% for
ferritin, 3.6% for sTfR, 1.7-2.7% for CRP, 8.1% for AGP, 3.5-4.2% for plasma zinc, 2.9-9.9%
for serum retinol, 4.0-6.7% for vitamin B12, and 2.9-6.8% and 4.1-5.7% for 25(OH)D2 and D3,

respectively.
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Cutoff points for Hb concentrations <110 g/L, <115 g/L, and <120 g/L were used to
define anemia in children aged 0.5-<5, 5-11, and 12-12.9 years, respectively(ZS). Iron deficiency
was defined using ferritin corrected for inflammation based on adjustment factors by Thurnham
et al.?®. Cutoffs for defining iron deficiency based on serum ferritin (corrected for
inflammation) were <12 pg/L for children aged <5 years and <15 pg/L for children aged >5
years®. Iron deficiency erythropoiesis was defined by sTfR concentration >8.3 mg/L®Y.
Children who had serum ferritin (corrected for inflammation) below cutoffs and/or sTfR >8.3
mg/L were collectively defined as having iron deficiency (all stages). CRP >5 mg/L and AGP >1
g/L indicated the presence of inflammation®®. Zinc deficiency was defined as plasma zinc <70
ug/dL for girls, <74 pg/dL for boys aged >10 years, and <65 pg/dL for children aged <10
years®?. Vitamin A deficiency was defined as mild for serum retinol between 0.35-0.7 umol/L
and as severe for serum retinol <0.35 umol/L®®. Vitamin B12 deficiency was defined as serum
vitamin B12 <150 pmol/L (203 pg/mL)®. Vitamin D insufficiency was defined as serum
25(0OH)D between 25-<50 nmol/L, and vitamin D deficiency where serum 25(OH)D was <25

nmol/L®,

Statistical analysis

Statistical analyses were carried out using IBM SPSS Statistics for Windows, version 19.0 (IBM
Corp., Armonk, NY, USA). All analyses were performed on weighted data by using the
‘Complex Samples’ module. Children were stratified into four age groups, namely, 0.5-0.9 years,
1.0-3.9 years, 4.0-6.9 years, and 7.0-12.9 years. Additionally, children aged <5 years were
analyzed as a separate group. Descriptive analyses were performed and presented as percentage
with 95% confidence interval or means with standard errors (SE). Mean values of
anthropometric, biochemical, and nutrient intake data were compared between sex and
residential areas using analysis of covariance (ANCOVA) with age as a covariate. Test for linear
trends were performed using the Mantel-Haenszel test on weighted data to examine whether the
prevalence trends in nutritional status increase (or decrease) systematically by the ordered age
group. Pearson Chi-square test was used to compare the difference between group percentages
for categorical data, such as anthropometry, biochemical status, and inadequate nutrient intake
by sex and residence. The significance level for all tests was P-value less than 0.05 for two-sided

tests.
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Results

Characteristics of participants

A total of 3,478 children aged 0.5 to 12.9 years participated in the study, representing an
estimated population of 10,264,568. Among these children, 1,101 children were from urban
areas, representing an estimated population of 3,215,429, while 2,377 children were from rural
areas, representing an estimated population of 7,049,141 (Table 1). Selected socio-demographic
characteristics are presented in Supplementary Table 1. Household monthly income and food
expenditure in the urban area were significantly higher than those in the rural area (P <0.001).
Educational levels among mothers and fathers were also higher in the urban area compared to the
rural area (P <0.001).

Nutritional status by anthropometry

Figures 1 and 2 present the prevalence of stunting, wasting, thinness, overweight, and obesity by
age group and residence, as well as age group and sex, respectively. The prevalence of stunting
was highest among rural children aged 0.5-0.9 years (10.6%). However, a significant difference
between urban and rural areas was only observed in the 7-12.9 year age group (P <0.05) (Fig. 1).
Boys aged 0.5-0.9 years were worst off in terms of stunting (12.0% in boys and 7.2% in girls),
but there was no significant difference by sex for the other age groups (Fig. 2). In contrast, the
prevalence of stunting was generally low (about 4%) among children older than 4 years old. For
stunting, a significant downward trend by age group existed for both urban and rural areas and
among boys (P-trend <0.001-<0.05). The prevalence of wasting/thinness was highest among
rural children and boys aged 7-12.9 years, but no significant difference by areas of residence or
sex. A significant upward trend in wasting/thinness by age group was found in the rural area and
among both boys and girls (P-trend <0.001-<0.01).

Alarmingly, the prevalence of both overweight and obesity was above 13% among
children aged 7-12.9 years in both locations and in both sexes, with significantly higher obesity
prevalence among boys than girls (P <0.05) (Fig. 1 and 2). There were upward trends by age
group for overweight and obesity in both locations and sexes (P-trend <0.001). There was no
significant difference in prevalence of underweight, wasting, overweight and obesity between the

urban and rural areas among children underfive years (Fig. 3a), whereas a significantly higher
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prevalence of underweight was found among girls than boys (Fig. 3b). Details of anthropometric

data by age group and area of residence are given in Supplementary Tables 2-4.

Dietary intake

Table 2 shows the percentages of children at risk of having inadequate intakes of protein and key
micronutrients. Means of energy intake of children aged 0.5-0.9 years, 1.0-3.9 years, 4.0-6.9
years, and 7.0-12.9 years were 737+14, 1213+£12, 1512+19, and 1741+18 kcal/day, respectively.
Mean intakes of energy, macro- micronutrients, and their EARs are presented in Supplementary
Tables 5 and 6. The risk of having inadequate protein intake was very low (Table 2). There was
no significant difference in macronutrient intakes and distributions of energy from
macronutrients between urban and rural areas for most age groups, except for percent fat from
total energy in the age group of 4-6.9 years and percent protein from total energy in the oldest
age groups (Supplementary Table 5). For all age groups, distributions of energy contributions
from macronutrients were within the Acceptable Macronutrient Distribution Range (AMDR) for
Thai children. Despite these observations, it is noticeable that the mean protein intakes for all age
groups were 2-3 times higher than EAR. In contrast, mean dietary fiber intakes were only about
half of the recommended daily intakes (age in year plus 5 g/d) for respective age groups.

There were no significant urban-rural differences in mean micronutrient intakes in all age
groups, except for zinc in children aged 4-6.9 years. Sex differences were found for
macronutrients and some micronutrients (Supplementary Table 6). However, due to differences
in requirements by sex, these observed differences are not meaningful. Applying the EAR cut-
point method, a very high proportion of children were at risk of inadequate intakes of calcium
(75.7%), iron (53.2%), zinc (71.6%), vitamin A (53.9%), vitamin C (66.5%), and vitamin D
(93.6%), but only 25.1% were at risk of inadequate vitamin B12 intake (Table 2). The risk of
inadequate iron intakes among the youngest (0.5-0.9 years) and oldest age (7-12.9 years) groups
were higher (66.5% and 63.5%, respectively) than for the other age groups. Of concern is the
seemingly high inadequate intakes (>60%) of several micronutrients (i.e., calcium, zinc, vitamin
A, and vitamin D) among the oldest age groups. For vitamin D, the risk of inadequate dietary

intakes was extremely high among all age groups as expected (86.0-95.8%).
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Micronutrient status by biochemical assessments

Table 3 shows the means for various biochemical assessments. Mean hemoglobin among infants
was 108.2-108.8 g/L, which is below the anemia cutoff for this age group. There were no
significant differences in most biochemical parameters by areas of residence or sex, except a
significant urban-rural difference for ferritin (corrected) (45.5£2.4 vs 55.9+4.1 ug/L, P <0.05) in
the oldest age group, as well as a sex difference for vitamin D among children aged 4-6.9 years
(boys vs girls: 87.4+1.7 vs 80.4+2.1 ug/L, P <0.01) and children aged 7-12.9 years (boys vs
girls: 84.0£1.6 vs 72.7£1.5 pg/L, P <0.001).

The prevalence of anemia was alarmingly high among infants aged 0.5-0.9 years (56.6%)
and young children aged 1-3.9 years (35.2%) (Table 4). However, about 60% of children in any
age group were mildly anemic (Hb 100-109 g/L). The remaining children were moderately
anemic (Hb 70-99 g/L) and none were severely anemic according to WHO cutoffs®® (data not
shown). For older children, the prevalence of anemia was much lower (11.5% for those aged 4-
6.9 years and 6.5% for those aged 7-12.9 years). Significant downward trends in anemia
prevalence by age were observed in both areas of residence and in both sexes (P-trend <0.001).

Iron deficiency among the younger age groups (<4 years old) could not be assessed due
to blood collection constraints. Table 4 presents the prevalence of iron deficiency among
children aged over 4 years, where the prevalence of iron deficiency based on ferritin was 11.9%
and 6.0% among children in the age groups of 4-6.9 and 7-12.9 years, respectively. However, the
prevalence of iron deficiency erythropoiesis (i.e., by sTfR) was about 2-3 times higher, at 24.3%
and 20.5%, for the respective age groups. Consequently, the overall prevalence of all stages of
iron deficiency (29.8% and 23.1%) was much higher than the prevalence of anemia (11.5% and
6.5%) for children aged 4-6.9 and 7-12.9 years, respectively. There were no statistical
differences in the prevalence of anemia, iron deficiency, or iron deficiency anemia between
urban and rural areas or by sex for these two age groups. Lastly, among children who were
anemic, iron deficiency (all stages) contributed 40.9% and 61.5% of anemia in the respective age
groups.

The situation of other key micronutrients, namely, vitamin A, vitamin D, and zinc, are
shown in Table 4. Overall, only 0.8% of the children had mild vitamin A deficiency, 5% had
vitamin D insufficiency, and 3.7% had zinc deficiency. Borderline or subclinical vitamin A

deficiency (serum retinol 0.7-1.05 pmol/L) was 10% and 13% in urban and rural areas,
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respectively (data not shown). None of the children had severe vitamin A deficiency or vitamin
B12 and vitamin D deficiencies. Nonetheless, a significant difference in vitamin D insufficiency
between urban and rural areas was found among children aged 4-6.9 years, whereas significant
differences in both vitamin D insufficiency and zinc deficiency by sex were found in children
aged 7-12.9 years.

Trends in the prevalence of micronutrient deficiencies were also analyzed for the age
groups of 4-6.9, 7-9.9, and 10-12.9 years (Table 4). There was a significant downward trend by
age group in iron deficiency based on ferritin (corrected) in the urban area and among boys, as
well as a significant downward trend for all stages of iron deficiency among girls (P-trend
<0.05). Significantly upward trends in vitamin D insufficiency by age group were found in the
rural area (P-trend <0.01) and among girls (P-trend <0.001). Similarly, a significant upward
trend in prevalence of zinc deficiency by age group was observed in both urban (P-trend <0.05)

and rural areas (P-trend <0.001) as well as among boys (P-trend <0.001).

Discussion

The nationally representative SEANUTS Il study in Thailand revealed that triple forms of
malnutrition—overnutrition, undernutrition, and micronutrient deficiencies—are coexisting
among rural and urban Thai children. Overall stunting prevalence is generally low, especially in
children older than 4 years of age. Wasting/thinness is indeed more prevalent among older
children, but it is still low in terms of being of public health significance. However, most striking
is the very high prevalence of overweight and obesity among children aged 7-12.9 years old.
Energy and macronutrient intakes as percentage of energy intake are in line with recommended
intakes, although mean protein intake (g/d) appears to be much higher than the daily
recommended allowances across all ages. The risks of having inadequate intakes of some key
micronutrients, i.e., calcium, iron, zinc, vitamin A, vitamin C, and vitamin D, are high (>50%).
These estimates may be inaccurate since the data were not corrected for within-person variation
(based on one 24-hour recall). In addition, anemia among infants and toddlers as well as iron
deficiency among older children are persistent challenges. Deficiencies of other micronutrients
are minimal, though subclinical vitamin A deficiency and vitamin D insufficiency are still
observed. Some discrepancies in the prevalence of zinc deficiency and vitamin D insufficiency

by areas of residence and sex are noted among older age children (7-12.9 years old). We did not
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adjust serum retinol for inflammation. Hence, the prevalence of subclinical vitamin A deficiency
may be overestimated.

The present survey showed that older children, specifically those around primary school
age (7-12.9 years old), are facing both ends of the double burden malnutrition spectrum (thinness
and overweight/obesity), which deserves much more attention. Time trends are important to
place the findings in perspective. In Thailand and other Asian countries, the prevalence of
stunting and wasting among young children persists but has declined in both numbers and
severity over time. Overweight and obesity, on the other hand, have rapidly increased among
both children and adults® 37,

The prevalence of stunting and wasting, especially among rural children, was lower than
that reported a decade ago (SEANUTS 1)*Y. The increase in obesity prevalence among rural
children is catching up with that of their urban counterparts, while overweight and obesity in
urban areas has not shown any decline. This evidence indicates that the pattern of urban-rural
difference in the double burden of malnutrition is diminishing. This situation cannot be treated
with complacency, as the rapid rise of overweight and obesity is becoming more prominent,
while declines in the stunting and wasting among young children are not yet in a favorable place.

In this study, stunting was highest in boys under 4 years, and obesity was also the highest
in boys from 0.5 to 12 years old. Data from other national-scale surveys also have shown a
higher trend in the prevalence of stunting and obesity in boys compared to girls. Among a survey
conducted in 2014 among children aged 1-5 years, the prevalence of stunting in boys was 9.1%,
while it was 6.0% in girls®. The same trend was found in the MICS survey in 2019, where the
prevalence of stunting was 15.2% in boys aged 0-5 years compared to 11.4% in girls”). With
regards to obesity, the prevalence for boys was higher than the prevalence for girls in 2014 (10%
vs. 3.5% in children aged 6-11 years and 11.9% vs. 5.6% in children aged 12-14 years)®.
Similarly, findings from the Global School-based Student Health Survey conducted in 2021
among children and adolescents in grades 7-12 showed a higher prevalence of obesity in boys
compared to girls (8.1% vs. 5.1%)®. These findings warrant further investigations to clarify
whether they were the results of a cultural phenomenon or a genetic one.

On average, the energy intake of children met the estimated energy requirement. Protein
intake as % energy was around 15% (except for the infant group), but mean intakes per day were

very high relative to EAR or even recommended daily allowances (RDA) for protein. While an
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upper limit for protein intake has not been established, EFSA recommends that protein intake
should not exceed 20% of total energy intake®®. Too high protein intake during the first two
years of life, and possibly into later childhood, can increase the risk of obesity and related
diseases in later life“?. An emerging issue is low dietary fiber consumption (2-7 g/d), which is
about half of the recommended daily intake (age in years plus 5 g/d)®®. Although consumption
in high amounts can compromise the absorption of some essential nutrients, the beneficial effects
of dietary fiber on gut health and beyond (e.g., anti-inflammatory effects) is associated with
lower risks for chronic diseases*?. Promotion of adequate dietary fiber intakes among children,
both in terms of quantity and quality (solubility, fermentability, and viscosity), is advisable.
Thailand’s economic and demographic development and transformation began to
influence rural consumers more in the 1990s and 2000s through the expansion of modern retail
outlets into regional centers and towns“?. Consequently, the food environment and food system

“3 Increases in urbanization and

need greater attention in this rapidly developing society
modernization of food retail systems, whereby processed and non-nutritious energy dense foods
have become more accessible even in rural areas, can adversely contribute to the diets and health
of populations in Thailand and other developing countries*?. Over time, there has been a
substantial change in food consumption from traditional Thai diets and food patterns (mainly
grain/plant-based) to diets high in animal protein, dairy products, and the inclusion of processed
foods and refined grains“?). Additionally, the Thai population consume more Western fast food
and sweetened beverages“® 4.

This study revealed that the risks of inadequate intakes of key micronutrients are very
high, especially among older children. This risk among children aged 7-12.9 years could be due
to their being more independent in choosing their own foods, especially outside the home, which
could compromise food intake quantity and quality. Moreover, older children may be more
concerned about their body image and possibly underreport their dietary intakes“?. In
SEANUTS I, the mean intakes of several micronutrients and intake trends by age are similar to
those found in the SEANUTS Il survey. The risk of inadequate intakes of micronutrients was
over 50%, after correcting for intra-individual variability™. The magnitude of risks of having
inadequate intakes in the current study could be biased as it was based on a one-day 24-h intake

report and without accounting for intra-individual variability (Table 2). Furthermore, the high
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risk of inadequate calcium intake, despite the widely implemented school milk program,
deserves closer examination in terms of program coverage and effectiveness.

Anemia among infants and young children was especially high (56.6% and 35.2% for
infants and 1-<4 years, respectively). A 2018 survey conducted by the Department of Health in
four geographical regions of Thailand also reported high prevalence of anemia in infants and
toddlers (43.1 and 44.5%), and preschool children (27.3%)“?). Unfortunately, the contribution of
iron deficiency in these young children was not ascertained. As found in older age groups, iron
deficiency remains a significant cause of anemia. The much higher prevalence of iron deficiency
without anemia than for prevalence of anemia warrants concern. The global analysis of causes of
anemia showed that iron deficiency and hemoglobinopathy/hemolytic anemia were the two most
important causes in the etiology of anemia®®. In Southeast Asia, carriers of underlying genetic
hemoglobin disorders/hemoglobinopathy are highly prevalent in some countries, including
Thailand®®. Given similar dietary patterns within the same population, some of these genetic
carriers may also be iron deficient. Since there is a dearth of data on iron profiles among these
genetic carriers, interpretation of iron deficiency needs further investigation.

Vitamin D insufficiency in SEANUTS Il was much less prevalent than that reported in
SEANUTS 162 (5.0% vs 31.7%, respectively). Although different assay methods were used
(chemiluminescence immunoassay [LIAISON®, Diasorin, Inc.] in SEANUTS | vs LC-MS/MS
for SEANUTS 11), a prior study has shown only a small difference between these methods®®.
Consequently, the difference in assay methods is unlikely to account for the large differences in
the prevalence between the two surveys. In fact, the findings from SEANUTS I triggered actions
by both public and private sectors to conduct campaigns promoting outdoor physical
activities®, as well as the development of vitamin D fortified food products and their marketing.

Better vitamin D status among rural children compared to urban children and better
vitamin D status among boys than girls aged 7-12.9 years were shown. These findings may be
associated with being more physically active and exposed to outdoor activities, since de novo
synthesis by sun exposure is of utmost importance for adequate vitamin D status®. Further
analysis on physical activity and UV exposure will be performed to determine whether these
factors effect vitamin D status.

Despite the overall low prevalence of zinc deficiency, boys were significantly worse off

compared to girls in the oldest age groups, which included children entering puberty. During this
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time, zinc requirements are high to meet the needs of incremental growth and the building of
muscle mass, as well as to compensate for endogenous zinc losses in semen and menses, in
addition to urinary, sweat, and integumental losses®®. Inadequate dietary intakes coupled with
higher requirements in boys may explain the significant difference in zinc deficiency by sex.

SEANUTS Il was planned to be conducted among a nationally representative sample of
children. However, the first wave of the COVID-19 pandemic in Thailand emerged in early
2020, after the survey was implemented and data collection among 477 children was completed.
As a result, a large part of data collection (86.3% of children) was completed during July to
December 2020. A rapid assessment conducted in May 2020 reported no anticipated impact on
food security and nutrition in the short term®”. Further data analyses to confirm the possible
impacts of the COVID-19 pandemic on our findings are reported elsewhere®®.

Despite the careful survey design and assessment protocol, a couple of limitations should
be noted. For dietary assessment, only one-day 24-hour recall was feasible, which may be biased
and limit the generalizability of the risks of inadequate nutrient intakes. The intra-individual
variability correction was not undertaken in the current study because we did not perform the
second-day 24-hour recall, and the available data from another survey was 10 years ago and used
a different nutrient database. Genetic-related hemoglobinopathy was not included in this report,
which may play a role in terms of anemia prevalence. Further analysis could provide better
evidence of the contributions of iron deficiency and hemoglobinopathy to anemia in Thai
children.

We found discrepancies in findings based on dietary assessment and biomarkers, which
could be explained by differences in the stages of measurement. Dietary assessment tends to be a
useful index of the exposure stage of the nutrients as consumed through foods, but it does not
necessarily reflect nutritional status such as those of biomarkers or biochemical measures based
on metabolism or physiological processes® . In public health practice, nutritional status based
on biochemical measures is used to demonstrate a public health concern. Considering the context
of public health and its implications, inadequate nutrient intakes based on a single 24-hour recall
serves as an early warning sign that warrants a reinvestigation as to whether or not the

insufficient intake of the nutrient in question is relevant.
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Conclusions

Findings from this study highlight that Thailand continues to experience a triple burden of
malnutrition, with a clear shift to the manifestation of overweight and obesity as public health
problems. Hence, the need for periodic monitoring of child nutritional status and the drivers of
malnutrition to inform policy making and the design of effective programs to tackle these
drivers. These drivers may include early life nutrition, dietary diversity, food environments, and
socioeconomic factors. For instance, the prevalence of stunting and anemia were still high
among Thai children aged 1-3.9 years, which reflects a gap in promoting healthy diets during
this transitional period, from being cared for by caregivers/family to day care centers.

In this context, current efforts should be strengthened to promote proper infant and young
child feeding practices within the government’s priority Miracle of 1000 days policy.
Micronutrients are necessary for optimal growth, bone health, immunity, and cognitive
development in children. Hence, food-based dietary guidelines coupled with effective behavioral
change communication to increase the consumption of micronutrient-dense foods should be
considered. Continued attention focusing on all forms of malnutrition among older age children
through the primary school is also warranted. The quality of meals served at home, within the
school food environment, and lifestyle factors (especially among adolescents) must be
considered as they impact on the nutritional well-being of preschool and school-aged children.
Finally, holistic public policies and programs involving the food, health, education, and social
protection sectors that are designed with community inputs are needed to address the broader

range of malnutrition drivers and thus overcome the nutritional challenges of Thai children.
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Table 1 Number of children who participated in the study by age group, residence, and sex

Agegroup  0.5-0.9 years 1.0-3.9 years 4.0-6.9 years 7.0-12.9 years All
Sample  Estimated Sample  Estimated Sample  Estimated Sample  Estimated Sample  Estimated
population population population population population
Urban
Boys 46 72248 184 262443 142 397709 174 924589 546 1656989
Girls 54 100644 200 240631 136 315524 165 901641 555 1558440
All 100 172892 384 503074 278 713233 339 1826230 1101 3215429
Rural
Boys 112 175909 407 580179 301 817025 387 2064002 1207 3637115
Girls 85 158422 421 498095 302 761579 362 1993930 1170 3412026
All 197 334331 828 1078274 603 1578604 749 4057932 2377 7049141
Urban
rural
Boys 158 248157 591 842622 443 1214733 561 2988591 1753 5294103
Girls 139 259066 621 738726 438 1077103 527 2895571 1725 4970465
All 297 507223 1212 1581348 881 2291836 1088 5884162 3478 10264568
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Table 2 Weighted percentage of children having risk of inadequate nutrient intakes by residence and sex per age group

Residence Sex All
Urban Rural Boys Girls
Variables Parameter % 95% Cl % 95% Cl % 95% Cl % 95% Cl % 95% ClI
0.5-0.9 years Protein 8.9 45,168 118 78,173 107 6.6,16.7 109 6.6,17.7 108 7.6,
15.1
Calcium NA NA NA  NA NA NA NA NA NA NA
Iron 71.8 61.6, 63.9  56.8, 58.7"  50.6, 74.2 65.9, 66.5  60.7,
80.1 70.5 66.3 81.1 71.8
Zinc 24.3 16.4, 233 177, 16.7" 115, 30.5 23.1, 236  18.9,
34.4 30.0 23.5 39.0 29.1
Vitamin A 0.0 - 1.5 05,45 20 0.6,6.1 0.0 - 1.0 0.3,3.1
Vitamin B12 NA NA NA  NA NA NA NA NA NA NA
Vitamin C 42.0 32.2, 418  34.9, 36.0 28.7, 477 391, 419  36.1,
52.5 49.0 44.0 56.3 47.8
Vitamin D NA NA NA  NA NA NA NA NA NA NA
1.0-3.9 years Protein 0.9 03,24 0.7 03,16 06 02,16 0.9 04,21 0.8 04,14
Calcium?® 22.8 18.6, 222 193, 219  18.6, 22.9 19.6, 22.4  20.0,
27.6 25.3 25.6 26.7 25.0
Iron 31.7 27.0, 379 344, 355  31.5, 36.4 32.4, 359  33.1,
36.9 41.5 39.6 40.6 38.9
Zinc 477 424, 55.7  52.1, 53.2  48.9, 53.1 48.9, 53.2  50.2,
53.1 59.3 57.4 57.3 56.2
Vitamin A 17.1 13.3, 17.1 145, 17.8 1438, 16.2 13.3, 171 149,
21.6 20.0 21.4 19.7 19.5
Vitamin B12 12.6 95,166 151 127, 17.4" 145, 10.7 84,135 143 123,

17.8 20.8 16.5
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Variables Parameter
Vitamin C

Vitamin D
4.0-6.9 years  Protein

Calcium®

Iron

Zinc

Vitamin A

Vitamin B12

Vitamin C

Vitamin D
7.0-12.9 Protein
years

Calcium?®

Iron

Residence Sex All
Urban Rural Boys Girls
% BWCI % 9%5%Cl % %% Cl % %% Cl % 95% CI
38.9 33.8, 423  38.7, 412  37.1, 41.3 37.1, 41.2 38.3,
44.3 46.0 45,5 45.6 44.3
85.3 81.2, 86.4  83.7, 85.4  82.1, 86.7 83.6, 86.0 83.8,
88.6 88.7 88.2 89.3 88.0
0.9 01,64 00 - 0.6 0.1,3.8 0.0 - 0.3 0.0,2.0
72.7 66.2, 4.7 70.5, 74.0 68.8, 74.2 69.5, 74.1 70.6,
78.4 78.5 78.7 78.4 77.3
34.0 27.6, 346  30.3, 329 277, 36.1 31.3, 34.4 30.8,
41.0 39.1 38.6 41.1 38.2
73.8 67.5, 67.1 62.6, 66.1  60.7, 725 67.8, 69.2 65.6,
79.3 71.3 71.2 76.8 72.6
46.8 39.9, 546  50.0, 546  49.0, 49.6 44 .4, 52.2 48.4,
53.8 59.2 60.2 54.7 56.0
17.7 13.0, 15.3 12.3, 154 11.8, 16.7 13.2, 16.0 13.4,
23.6 18.8 19.9 20.9 19.0
60.2 53.3, 64.6  60.1, 63.9  58.3, 62.6 57.5, 63.2 59.5,
66.7 68.9 69.1 67.4 66.9
925 88.5, 93.0 90.1, 92.4  88.8, 93.3 90.5, 92.8 90.6,
95.2 95.1 94.9 95.4 94.6
14 0.6, 3.4 1.8 11,31 1.9 11,34 15 0.7,3.0 1.7 11,27
89.3 85.5, 89.9  87.5, 88.7  85.8, 90.7 87.9, 89.7 87.7,
92.2 91.8 91.1 92.9 91.4
67.6 62.4, 61.6  58.0, 59.0'" 54.8, 68.1 63.9, 63.5 60.5,
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Residence Sex All
Urban Rural Boys Girls
Variables Parameter % B%ClI % B%CI % %% Cl % B%CI % 95% CI
72.5 65.1 63.0 72.0 66.3
Zinc 81.3 76.7, 80.9 77.9, 75.4™7  71.6, 86.8 83.6, 81.0 78.5,
85.1 83.6 T 78.8 89.5 83.2
Vitamin A 723 67.3, 66.2 62.7, 66.9 62.9, 69.3 65.1, 68.1 65.2,
76.9 69.5 70.7 73.1 70.8
Vitamin B12 31.4 26.7, 31.2  27.9, 305 26.8, 32.0 28.1, 31.3 28.5,
36.6 34.6 345 36.2 34.1
Vitamin C 72.8 67.7, 77.6 74.5, 78.8" 75.2, 73.4 69.4, 76.1 73.5,
77.4 80.5 82.0 77.1 78.6
Vitamin D 96.0 93.3, 95.8 94.0, 95.3 93.2, 96.4 94.4, 95.8 94.5,
97.6 97.0 96.8 97.7 96.9
Overall Protein 1.6 09,28 1.7 12,24 1.8 12,27 16 1.0,24 1.7 13,23
(0.5-12.9 Calcium® (1-129 74.9 72.0, 76.0 74.0, 74.6 72.2, 76.8 74.6, 75.7 74.0,
years) years) 7.7 77.8 76.8 78.9 77.2
Iron 55.1 51.5, 52.3  49.9, 495" 467, 57.0 54.2, 53.2  51.2,
58.6 54.7 t 52.4 59.8 55.2
Zinc 71.7 68.6, 715 69.4, 67.2"T  64.6, 76.2 73.8, 71.6 69.8,
4.7 73.5 I 69.7 78.3 73.2
Vitamin A 54.8 51.3, 53.4 51.0, 53.7 50.9, 54.1 51.2, 53.9 51.9,
58.3 55.8 56.4 56.9 55.8
Vitamin B12 25.3 22.1, 25.0 22.8, 24.9 22.4, 25.3 22.7, 25.1 23.3,
28.8 27.3 27.6 28.1 27.0
Vitamin C 63.4 60.0, 67.9 65.7, 67.7 65.2, 65.2 62.5, 66.5 64.7,
66.7 70.1 70.2 67.8 68.3
Vitamin D 93.5 91.7, 93.7 92.5, 93.0 91.5, 94.3 92.9, 93.6 92.6,
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Residence Sex All
Urban Rural Boys Girls
Variables Parameter % B%ClI % B%CI % %% Cl % B%CI % 95% CI
94.9 94.7 94.3 95.4 94.5

"P<0.05: significant difference between the urban and rural children based on complex samples Pearson Chi-Square.
P<0.05, "'P<0.01, ""P<0.001: significant difference between the boys and girls based on complex samples Pearson Chi-Square.

SUsing the cut point method, for all nutrients: Estimated Average Requirements (EAR) from Thai DRI, except for calcium: EAR from
EFSA (Allen LH et al. (2019)%.

NA, not available.
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Table 3 Weighted biochemical status by age group, residence, and sex

Residence Sex All
Urban Rural Boys Girls
Variables Mean  SE Mean SE Mean SE Mean SE Mean SE
0.5-0.9 years
Hemoglobin (g/L) 108.8 1.8 108.2 1.3 108.3 1.3 108.4 1.6 108.4 1.0
1.0-3.9 years
Hemoglobin (g/L) 1125 1.1 113.4 0.8 1127 0.9 1136 1.0 113.1 0.7
4.0-6.9 years
Hemoglobin (g/L) 1247 1.3 125.1 0.8 125.4 1.0 124.5 0.9 125.0 0.7
Ferritin (Thurnham-adjusted) 44.3 5.3 38.9 2.1 40.0 3.6 41.1 24 40.5 2.2
(Hg/L)
Soluble  transferrin  receptor 7.7 0.5 7.4 0.2 7.7 0.4 7.2 0.2 7.5 0.2
(mg/L)
Retinol (umol/L) 14 0.0 14 0.0 1.4 0.0 1.4 0.0 1.4 0.0
Vitamin D (nmol/L) 82.8 2.6 84.7 1.6 874" 1.7 80.4 2.1 84.1 1.4
Vitamin B12 (pmol/L) 650.0 33.0 621.7 20.4  630.0 23.3 631.4 26.3  630.7 17.5
Zinc (ug/dL) 85.6 1.0 86.2 0.9 87.5 1.0 84.3 0.8 86.0 0.7
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7.0-12.9 years

Hemoglobin (g/L) 129.0 0.9 130.0 0.6 1299 0.7 129.4 0.8 129.7 0.5
Ferritin (Thurnham-adjusted) 45.5 2.4 55.9 4.1 52.7 2.9 52.7 51 52.7 2.9
(Mg/L)

Soluble  transferrin  receptor 7.0 0.2 7.2 0.2 7.1 0.2 7.2 0.2 7.1 0.1
(mg/L)

Retinol (umol/L) 1.5 0.0 1.5 0.0 1.5 0.0 1.5 0.0 1.5 0.0
Vitamin D (nmol/L) 76.4 2.1 79.3 1.4 840" 16 72.7 1.5 78.4 1.2
Vitamin B12 (pmol/L) 4965 168  516.4 131 5145 154 5058 140 510.2 10.4
Zinc (ug/dL) 84.8 0.8 86.1 06 852 0.7 86.3 0.7 85.7 0.5

3corrected for inflammation by CRP and AGP according to Thurnham DI et al. (2015).

“P<0.05: significant difference between the urban and rural children based on complex samples ANCOVA after correcting for age.
"P<0.05, ""P<0.01, "'P<0.001: significant difference between the boys and girls based on complex samples ANCOVA after
correcting for age.
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Table 4 Weighted prevalence of anemia and micronutrient deficiencies by age group, residence, and sex

Residence Sex All
Urban Rural Boys Girls
Variables % 95% ClI % 95% Cl % 9%%ClI % 9%5%Cl % 95% ClI
0.5-0.9 years
Anemia® 54.4 38.7,69.2 57.7 46.4, 58.7 46.1, 545 412, 56.6  47.4,
68.3 70.3 67.3 65.4
1.0-3.9 years
Anemia® 39.6 31.1,48.7 332 278, 36.8 30.3, 334 271, 352 30.6,
39.1 43.8 40.4 40.1
4.0-6.9 years
Anemia® 15.3 82,269 98 6.1,154 10.0 55,174 133 81,211 115 7.9 16.6
Iron  deficiency (by  ferritin, 10.9 6.2,183 124 7.9,190 136 81,219 101 63,158 119 8.3,16.8
Thurnham adjusted)”
Iron deficiency erythropoiesis (by 25.6 165,375 237 17.2, 24.6 17.1, 23.9 16.6, 243 1838,
sTfR)® 31.6 34.0 33.3 30.7
Iron deficiency, all stages® 28.4 19.2,39.8 304 233, 29.3 21.3, 304 224, 29.8  24.0,
38.7 38.8 39.8 36.4

Iron deficiency anemia
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Residence Sex All
Urban Rural Boys Girls
Variables % 95% ClI % 95% Cl % 9%5%Cl % 95%CIl % 95% ClI
Anemia  with  low  ferritin, 0.0 - 2.3 1.0,5.2 1.0 03,41 2.3 08,60 16 0.7,3.6
Thurnham-adjusted®
Anemia with ferritin, Thurnham- 3.5 1.3,9.3 5.2 28,94 3.2 1.5, 6.7 6.3 31,124 47 2.8,7.8
adjusted and/or  sTfR, no
adjustment
Vitamin A deficiency (mild) 0.0 - 2.1 05,80 00 - 3.0 08,113 14 04,55
Vitamin A deficiency (severe) 0.0 - 0.0 - 0.0 - 0.0 - 0.0 -
Vitamin B12 deficiency 0.0 - 0.0 - 0.0 - 0.0 - 0.0 -
Vitamin D insufficiency 55" 20,140 1.2 04,36 18 07,48 33 11,95 25 12,54
Vitamin D deficiency 0.0 - 0.0 - 0.0 - 0.0 - 0.0 -
Zinc deficiency 0.9 0.1,6.2 0.7 02,29 09 02,38 06 01,42 038 03,24
7.0-12.9 years
Anemia® 6.3 30,127 65% 40,104 60" 34,106 6.9 39,118 65 43,96
Iron  deficiency (by ferritin, 35%  1.3,9.0 7.1 44,112 5.7% 31,103 6.3* 35110 60  3.9090
Thurnham adjusted)”
Iron deficiency erythropoiesis (by 18.9 12.6,27.3 213 16.6, 22.5 16.9, 18.6 135, 20.5  16.6,
STfR)® 26.9 29.2 25.0 25.1
Iron deficiency, all stages® 21.4 148,301 239 189, 25.3 19.4, 20.9* 155, 23.1 19,0,
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Residence Sex All
Urban Rural Boys Girls
Variables % 95% ClI % 95% Cl % 9%5%Cl % 95%CIl % 95% ClI
29.7 32.3 27.5 27.8
Iron deficiency anemia
Anemia with low ferritin, Thurnham- 0.9 0.1,6.4 0.9 02,34 0.6 0.1,4.0 1.2 03,47 09 0.3, 2.7
adjusted®
Anemia with ferritin, Thurnham- 4.6 19,105 3.7 19,70 39 19,80 4.1 19,83 4.0 2.4,6.6
adjusted and/or  sTfR, no
adjustment
Vitamin A deficiency (mild) 0.0 - 0.8 02,30 05 01,34 05 01,38 05 01,21
Vitamin A deficiency (severe) 0.0 - 0.0 - 0.0 - 0.0 - 0.0 -
Vitamin B12 deficiency 0.0 - 0.0 - 0.0 - 0.0 - 0.0 -
Vitamin D insufficiency 8.8 48,157 47 27,82 12T 03,46 110 72,164 60  4.0,90
Vitamin D deficiency 0.0 - 0.0 - 0.0 - 0.0 - 0.0 -
Zinc deficiency 3.4 13,89 55 32,93 81 48,133 15 05,47 49 3.0,7.7
Overall (0.5-12.9 years)
Anemia® 16.0 12.5,20.3 138 116, 14.3 11.7, 147 120, 145  12.6,
16.4 17.4 18.0 16.7

Overall (4.0-12.9 years)
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Residence Sex All
Urban Rural Boys Girls
Variables % 95% ClI % 95% Cl % 9%5%Cl % 95%CIl % 95% ClI
Iron  deficiency  (by  ferritin, 5.5 3.2,9.3 8.6 6.2,11.8 7.9 53,117 7.3 49,108 7.6 5.7,10.1
Thurnham adjusted)”
Iron deficiency erythropoiesis (by 20.8 154,274 219 18.0, 23.1 18.5, 20.0 157, 216 183,
sTfR)® 26.5 28.4 25.2 25.2
Iron deficiency, all stages® 23.4 17.7,30.1 257 215, 26.4 21.6, 23.4 1838, 25.0 215,
30.4 32.0 28.8 28.8
Iron deficiency anemia
Anemia  with  low  ferritin, 0.7 0.1,4.7 1.3 06,28 0.7 02,25 15 06,36 1.1 05,23
Thurnham-adjusted®
Anemia with ferritin, Thurnham- 4.3 2.1,85 41 2.6,6.5 3.7 2.1,6.5 4.7 27,78 4.2 2.8,6.1
adjusted and/or  STfR, no
adjustment’
Vitamin A deficiency (mild) 0.0 - 1.1 04,30 04 00,24 12 04,37 038 03,20
Vitamin A deficiency (severe) 0.0 - 0.0 - 0.0 - 0.0 - 0.0 -
Vitamin B12 deficiency 0.0 - 0.0 - 0.0 - 0.0 - 0.0 -
Vitamin D insufficiency 790 47,130 37 22,62 14" 0534 89 60,130 50 3572
Vitamin D deficiency 0.0 - 0.0 - 0.0 - 0.0 - 0.0 -
Zinc deficiency 2.7 1.1,6.6 42 2569 6.0 37,98 13 0535 37 24,58

"P<0.05: significant difference between urban and rural children based on complex samples Pearson Chi-Square.
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"P<0.01, ""P<0.001: significant difference between boys and girls based on complex samples Pearson Chi-Square.

*P<0.05, #P<0.01, **P<0.001: significance of trend of prevalence of biochemical status with age group in each residence and sex.
#Anemia, Hb concentrations <110 g/L in children aged 0.5-<5 years, <115 g/L in children aged 5-11 years, and <120 g/L in children
aged 12-12.9 years.

®Iron deficiency by ferritin (Thurnham-adjusted), serum ferritin <12 pg/L in children aged <5 years and <15 pg/L in children aged >5
years.

‘Iron deficiency erythropoiesis by sTfR, sTfR: soluble transferrin receptor >8.3 mg/L.

YIron deficiency by ferritin (Thurnham-adjusted) below cutoffs and/or sTfR >8.3 mg/L.

®Iron deficiency anemia, Hb below cutoffs with ferritin (Thurnham-adjusted) below cutoffs.

fIron deficiency anemia, Hb below cutoffs with iron deficiency by ferritin (Thurnham-adjusted) below cutoffs and/or STfR >8.3 mg/L.
Vitamin A deficiency (mild), serum retinol between 0.35-0.7 pmol/L; Vitamin A deficiency (severe), serum retinol <0.35 pmol/L.
Vitamin D insufficiency, serum 25-hydroxyvitamin D between 25-<50 nmol/L; Vitamin D deficiency, serum 25-hydroxyvitamin D
<25 nmol/L.

Vitamin B12 deficiency, serum vitamin B12 <150 pmol/L.

Zinc deficiency, plasma zinc <70 ug/dL in girls aged >10 years, <74 pg/dL in boys aged >10 years, < 65 ug/dL in children aged <10

years.
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Fig. 1 Weighted prevalence of (a) stunting, (b) wasting/thinness, (c) overweight, and (d) obesity by age group and residence

(a) (b)

. %
2

Stunting (%)

Wasting’ Thinness (%6)

41 44
‘r 1
I 0 45

0509 L0329 1069

Age group (Years)

(¢) (d)

i .

I8 165 15

16 16
S Ba s s M
= |3 — < 1 161N
@ 105 = 102
':: 10 i -_5: 10
v 8 v %
~ 59
= & [

i 41 3¢
4 4 i....
o0
0 0 | IS g "
1039 40.69 728 Totad 0509 1039 40.69 Total
Age group (years) Age gronp (years)

“P<0.05: significant difference between the urban (£ ) and rural (Il ) children based on complex samples Pearson Chi-Square.
fP<0.05, 1'P<0.01, T""P<0.001: significance of trend of nutritional status with age group in each urban and rural.

Stunting: height-for-age z-scores <-2 SD; Wasting /Thinness: wasting and thinness combined; wasting (<5 years): weight-for-height z-
scores <-2 SD; Thinness (5-12 years): BMI-for-age z-scores <-2 SD; Overweight: BMI-for-age z-scores >2 to <3 SD (<5 years) and
>1 to <2 SD (5-12 years); Obesity: BMI-for-age z-scores >3 SD (<5 years) and >2 SD (5-12 years).
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Fig. 2 Weighted prevalence of (a) stunting, (b) wasting/thinness, (c) overweight, and (d) obesity by age group and sex
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"P<0.05: significant difference between boys ( k) and girls ( | ) based on complex samples Pearson Chi-Square.

"P<0.01, 77P<0.001: significance of trend of nutritional status with age group in each sex.

Stunting: height-for-age z-scores <-2 SD; Wasting / Thinness: wasting and thinness combined; wasting (<5 years): weight-for-height
z-scores <-2 SD; Thinness (5-12 years): BMI-for-age z-scores <-2 SD; Overweight: BMI-for-age z-scores >2 to <3 SD (<5 years) and
>1 to <2 SD (5-12 years); (d) Obesity: BMI-for-age z-scores >3 SD (<5 years) and >2 SD (5-12 years).
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Fig. 3 Weighted prevalence of underweight, stunting, wasting, overweight, and obesity of children < 5 years old: (a) urban vs rural

areas, (b) boys vs girls
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No significant difference between the urban ( =2) and rural ( ) children based on complex samples Pearson Chi-Square.

"P<0.05: significant difference between boys ( 21 ) and girls (I8 ) based on complex samples Pearson Chi-Square.

Underweight: weight-for-age z-scores <-2 SD; Stunting: height-for-age z-scores <-2 SD; Wasting: weight-for-height z-scores <-2 SD;
Overweight: BMI-for-age z-scores >2 to <3 SD; Obesity: BMI-for-age z-scores >3 SD.
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