Received: 24 September 2019

Revised: 23 June 2020

Accepted: 1 July 2020

DOI: 10.1111/mcn.13065

SUPPLEMENT ARTICLE

|  WILEY

High dietary micronutrient inadequacy in peri-urban school
children from a district in South India: Potential for staple
food fortification and nutrient supplementation

Radhika S. Madharil ©@ |
Yvette Wilda Jyrwa? |

Longvah Thingnganing’

!Department of Dietetics, ICMR-National
Institute of Nutrition, Hyderabad, India

2Biochemistry Division, ICMR-National
Institute of Nutrition, Hyderabad, India

SDivision of Biostatistics, ICMR-National
Institute of Nutrition, Hyderabad, India

“Division of Clinical Epidemiology, ICMR-
National Institute of Nutrition,
Hyderabad, India

SDivision of Public Health Nutrition, ICMR-
National Institute of Nutrition,
Hyderabad, India

®Division of Maternal and Child Health, ICMR-
National Institute of Nutrition,
Hyderabad, India

7Food Chemistry Division, ICMR-National
Institute of Nutrition, Hyderabad, India

Correspondence

Radhika S. Madhari, Department of Dietetics,
ICMR-National Institute of Nutrition, Tarnaka
Cross Road, Jamai Osmania PO, Hyderabad
500007, India.

Email: radhika.madhari@gmail.com

Raghu Pullakhandam, Biochemistry Division,
ICMR-National Institute of Nutrition, Tarnaka
Cross Road, Jamai Osmania PO, Hyderabad
500007, India.

Email: raghu_nin2000@yahoo.com

Funding information

SB and YWJ are supported by a Research
Fellowship from University Grants
Commission, Ministry of Human Resource
Develpment, Government of India; This work
was funded by Suvarnabhoomi Enterprises

Private Limited, Namakkal District, Tamil Nadu,

India

Swetha Boddula? |
Naveen Kumar Boiroju® |
Raja Sriswan Mamidi®* | Arlappa Nimmathota® |

Palika Ravindranadh? |
Raghu Pullakhandam? |
Bharati Kulkarni® © |

Abstract

Multiple micronutrient deficiencies (MNDs) co-exist, often because of poor intakes
and adversely impact health. Habitual diets were assessed in 300 school children
(6-17 years old) recruited from two government schools by simple random sampling.
Probability of adequacy (PA) for 11 micronutrients and mean probability of adequacy
(MPA) was calculated. Haemoglobin, plasma ferritin, folic acid, vitamin B4, and
C-reactive protein were estimated. Descriptive statistics and regression analysis were
used to estimate magnitude and factors associated with MNDs. The contribution of
fortified foods and/or supplements in addressing inadequacies and excessive intakes
was modelled. The PA ranged from 0.04 for folate to 0.70 for zinc, and the MPA was
0.27. Prevalence of anaemia (53%), iron deficiency (57%; ID), iron deficiency anaemia
(38%; IDA), folate deficiency (24%) and B4, deficiency (43%) was high. Dietary inade-
quacy of iron, zinc and a low MPA was associated with anaemia and IDA. Inclusion of
double fortified salt (DFS), fortified rice (FR) or iron folic acid (IFA) supplements individ-
ually in habitual diet reduced probability of iron inadequacy significantly from 82% to
<13%. Inclusion of DFS and FR simultaneously led to disappearance of iron inade-
quacy, but risk of excessive intake increased to 16%. Inclusion of DFS, FR and IFA
together increased risk of excess iron intake to 40%. Nevertheless, intakes of folate
and B4, remained inadequate even with FR and/or IFA. These results indicate a high
risk of dietary MNDs in children and suggest need for more systematic intake measure-
ments in representative sample and adjustment of iron dosages to avoid excessive

intakes.
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1 | INTRODUCTION

Micronutrients are required for optimal cellular and metabolic
functions in the body (Pfeiffer et al., 2013; Shergill-Bonner, 2017).
Multiple micronutrient deficiencies (MNDs) are reported more
frequently among pregnant women and children below 5 years of age
and adversely impact growth, development, cognition, general health
and productivity (Bailey, West, & Black, 2015; Muthayya et al., 2013;
Walker et al., 2007). The recent Comprehensive National Nutrition
Survey conducted in India indicated a high prevalence of anaemia
(24-41%), iron deficiency (17-32%), vitamin B4, deficiency (14-31%)
and folate deficiency (23-37%) among children and adolescents
(CNNS, 2019). Low food diversity, poor diet intakes and low bioavail-
ability combined with high physiological demands and frequent
infections contribute to the aetiology of MNDs (Burchi, Fanzo, &
Frison, 2011; Gibson, Bailey, Gibbs, & Ferguson, 2010; Pasricha,
Armitage, Prentice, & Drakesmith, 2018). Alleviation of MNDs is
therefore critical and is globally addressed through intervention
strategies that include supplementation, fortification and food
diversification (Gibson, 2011; Girard, Self, McAuliffe, & Olude, 2012;
Radhika et al., 2011; Sivakumar et al., 2006). However, the burden of
MNDs, particularly the dietary inadequacies among school-age
children, has been less studied in India, using the more robust
probability approach (Ahluwalia, 2002; Kehoe et al., 2014; Radhika,
Swetha, Kumar, Krishna, & Laxmaiah, 2018).

The current impetus of the government of India as a policy is on
the provision of prophylactic iron folic acid (IFA) supplements, which
is one of the six interventions as part of Anaemia Mukth Bharat (ABM)
Programme (Bhatia, Sahoo, & Parida, 2018; MoHFW-Gol, 2018), that
envisages to reach out to six types of beneficiaries (children
6-59 months: 1-ml IFA syrup providing 20-mg elemental iron and
100-pg folic acid, biweekly; children 5-9 years: one IFA tablet provid-
ing 45-mg iron and 400-pg folic acid, weekly; adolescent girls and
boys 10-19 years and women of reproductive age 20-49 years: one
tablet providing 60-mg iron and 500-pg folic acid, weekly; pregnant
women: one tablet providing 60-mg iron and 500-pg folic acid, daily
for minimum 180 days from the second trimester; and lactating
mothers of 0- to 6-month child: one tablet providing 60-mg iron and
500-ug folic acid, daily for 180 days postpartum).

Further, the Food Safety and Standards Authority of India (FSSAI)
has established guidelines to fortify five staple foods with essential
micronutrients, namely, salt with iodine alone (15-30 ppm) named
iodized salt or salt with iodine (15-30 ppm) and iron (850-1000 ppm)
named iron fortified iodized salt or double fortified salt (DFS); whole
wheat flour (atta), refined wheat flour (maida) and raw rice with iron
(14-21.25 mg kg~* as Na Fe EDTA or 28-42.5 mg kg™! as other pre-
scribed iron fortificants), folic acid (75-125 pg kg™1) and vitamin By,
(0.75-1.25 pg kg™1) named fortified atta, fortified maida and fortified
raw rice respectively; vegetable oil with vitamin A/retinol equivalents
(6-9.9 pg g~) and vitamin D (0.11-0.16 ug g™%), named fortified oil;
and milk (toned milk, double toned milk, skimmed milk and standard-
ized milk) with vitamin A/retinol equivalents (270-450 pg L™ and
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Key messages

e The risk of dietary inadequacies and biochemical deficien-
cies of haemoglobin, plasma ferritin, folic acid and vitamin
B4, is high in school-age (6-17 years) children in a peri-
urban district of South India.

o Individual dietary inadequacies of iron and zinc and over-
all inadequacy of multiple micronutrients are associated
with anaemia and IDA.

e Food fortification or IFA supplementation fills the gaps in
dietary inadequacies of iron.

e Consumption of multiple fortified foods with or without
IFA supplements simultaneously along with habitual diets
may lead to excessive intakes of iron.

e Assessment of micronutrient inadequacies at population
level and adjustment of nutrient levels in fortified foods
and/or supplements needs to be considered.

vitamin D (5-7.5 pg LY, named fortified milk. Additionally, wheat
flour and raw rice may also be fortified with six other micronutrients
(zinc, vitamins A, B4, B, B3 and By) either singly or in combination at
the prescribed limits (FSSAI, 2018).

The Indian government has more recently (‘FFRC-FSSAI,’ 2019)
intensified policy changes to promote fortified staples in the safety
net food security programs such as Public Distribution System (PDS),
Mid-day Meal (MDM) Programme and Integrated Child Development
Scheme (ICDS). In this context, there is a need to quantify the usual
intakes from habitual diets and contribution of fortified foods and/or
supplements towards inadequate (below estimated average
requirements, EAR) or excessive (above tolerable upper limits, TULs)
micronutrient intakes (Guamuch et al., 2014) in the target beneficia-
ries. In the current study, we assessed the magnitude and factors
associated with dietary and subclinical MNDs among MDM
beneficiaries, that is, school-age children (6-17 years). In addition, we
also modelled the contribution of fortified rice, DFS and IFA supple-
ments, either singly or in combination, towards dietary adequacies or

excessive intakes of iron, folic acid and vitamin B4,.

2 | METHODS
2.1 | Source of data and study population

For the current analysis, the baseline data collected during the
screening and enrolment phase (between June and July 2017) of the
study that assessed the efficacy of multiple micronutrient fortified
rice in reducing anaemia and improving the micronutrient status

among school children (6-17 years) were used (Radhika et al.,
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Unpublished data). Briefly, the study was carried out in two randomly
selected government-aided schools, which serve MDM to children, in
Rangareddy district, Telangana, South India. The schools are located
within 5-km distance in the same area and cater to the children of
similar socio-economic status. Each school had independent primary
school and high school units within the same premises. A total of
2,024 school children were screened, and the eligible children satisfy-
ing the inclusion criteria were enrolled and randomized into two
groups, the control group and the experimental group. The desired
sample size was 1,260 children (630 children in each group;
6-17 years). Dietary data were collected in a subsample of 300 chil-
dren (150 children from each of the two schools) selected using sim-
ple random sampling. Care was taken to ensure comparable
distribution of gender (boys and girls; y? = 1.091, P = .296), age groups
(6-9,10-13 and 14-17 years;;(2 =2.444, P = .295), proportion of stu-
nting (y2 = 0.760, P = .383), thinness (y? = 0.160, P = .689) and anae-
mia (;(2 = 0.210, P = .649) among children between the two schools.
The written informed assent or consent from children and consent
from their parents/guardians were obtained before screening and

enrolling the children.

2.2 | Socio-demographic and anthropometric data

Prior to initiation of the study, all the research investigators were
trained for 3 weeks by subject experts from Indian Council of Medical
Research-National Institute of Nutrition (ICMR-NIN) in all the study
procedures that included both classroom and practical sessions in
another school not involved in the study. The trained field investigators
collected the data on social demographics, household income and
selected household and WASH facilities (chosen based on literature
and logistic feasibility), by conducting household interviews and record-
ing on paper-based pretested questionnaires. The questionnaires were
translated to local languages (telugu, hindi and urdu) as suggested by the
World Health Organization (WHO) (available from: https://www.who.
int/substance_abuse/research_tools/translation/en/), to obtain con-
ceptual and cultural equivalence and thereafter used in the study.

The field investigators were trained by the in-house expert
anthropometrist on measuring height and weight in school children
following standard techniques (WHO, 1995; WHO, 2005b) to the
nearest 0.1 cm and 0.1 kg using seca 213 stadiometer and seca 813
weighing scale, respectively. Standardization was conducted in a con-
venience sample of 24 school children (12 of 6-9 years and 12 of
10-15 years) using repeat measures protocol (Stomfai et al., 2011;
WHO MGRS Group, 2006) until acceptable intra- and inter-individual
reliability within and between field investigators and relative to the
expert anthropometrist was obtained, that is, intra- and inter-
individual technical error of measurement (TEM) of investigators
within 95% precision margin of the expert (within *2 times the
expert's TEM), relative TEM (%TEM) of <1.5% for intra-individual reli-
ability and <2% for inter-individual reliability, a coefficient of variation
(CV) of < 5% and the reliability coefficient (R) of >95%. The maximum

allowable difference between a given pair of measurements was
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100 g for weight and 7 mm for height. In the actual study, heights and
weights were measured in duplicates in all children. Resampling was
done in about 10% of children, and measurements by another trained
investigator and expert anthropometrist were done using the same
equipment and standard techniques. The equipment were calibrated
with certified weights and measures, before use on each day, during
training and data collection period in the study. The height-for-age
z score (HAZ) and body mass index (BMI)-for-age z score (BAZ) were
computed using WHO growth references and Anthroplus software
(WHO, 2009). Mild to moderate thinness and stunting were defined
as BAZ and HAZ between 2 and 3 z scores below the median and
overweight/obesity defined as BAZ greater than 1 z score above the
median of the WHO reference population.

2.3 | Dietary intake data

Trained nutritionists assessed food intake in all the children using
multiple-pass 24-h diet recall method (24HR). In approximately 35%
children, the 24HR was repeated on three non-consecutive days (two
week days and one weekend day) within a reference week to calculate
usual intakes by adjusting for intra-individual variations. The women
involved in preparation and serving food in the household were asked
to describe all foods and beverages consumed by the target child during
the preceding 24-h, including time of consumption, sources where the
food was obtained, quantities of ingredients used, total cooked content
and portion size consumed. As the target children will also consume
MDM in the school as well as foods at other away-from-home outlets,
all diet assessments were planned and scheduled when the child was
also present in the household. The adolescent child (10-17 years)
responded to questions on type and amount of food consumed at
school or outside. However, for younger children (6-9 years), the care-
giver was the primary respondent. Further, the type and amount of
MDM consumed by children in the school was measured by field inves-
tigators and data included in the analysis. The recipe information of
composite dishes was enquired, and the amounts of each ingredient
used and available in the household were measured and recorded using
the seca culina 852 electronic kitchen scale with a precision of 1-g. A
set of 14 visual aids, 12 standard cups and two spoons that were similar
to common household utensils were used to help the respondent esti-
mate the cooked volume and portion sizes consumed by the child. If
the ingredients were not available at home, the nutritionist enquired
and recorded the reported size, number and quantity of ingredients
used in terms of standard cups and spoons, the weights of which were
estimated from an existing standard list that was developed in-house.
These weights are imputed, whenever the nutritionist is unable to

estimate the actual weight of the ingredients onsite.

2.4 | Usual intake estimation

The usual intake distributions for food intakes were estimated in a mea-

surement error model using simple linear regression adjusting for the
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intra-person, day-to-day variance of the observed food intakes obtained
from the subsample of children from the same study (Joseph &
Carriquiry, 2010). As the intake distributions were skewed, the data
were transformed using Box Cox transformation to obtain symmetrical
distributions. The best unbiased linear estimates of the intake for each
child for each food (kth) consumed was estimated using the three
repeated 24HRs. The usual intake of each food for each child was esti-
mated as a function of the average intake of the same food in the three
24HRs of the subsample of children and the intake of the same food
from one 24HR in rest of the children using the equation, Ul = I + e,
where Ul is the estimate of the usual intake of the kth food, ey is the
error term and Iy is the average intake estimated from the three 24HRs,
as a function of the dietary intake from 1-day recall, that is, I, = (ay + by
intake of one 24HR), where a, and by were estimated using the principle
of the least squares method. The macronutrients and micronutrients in
the kth food were computed using the Indian Food Composition
Tables (IFCT) Database as the primary source for nutrient values
(Longvah, Anantan, Bhaskarachary, & Venkaiah, 2017). The database
was expanded to include recipe information on most commonly con-
sumed foods, MDMs offered at school, away-from-home foods, ready-
to-eat snacks and processed foods. For vitamin B4, values and foods
not reported in IFCT, the nutrient values from the previous edition of
the Nutrient Values of Indian Foods (NVIF) were used (Gopalan et al.,
1989). The food and nutrient database of the United States Department
of Agriculture (USDA, 2015) was used for those foods that did not have
a nutrient value in the IFCT and NVIF. To ensure minimum variation
between the databases, the nutrient values of some common foods
were compared after correction for moisture values, and the variations

were found to be in the range of 10-20%.

2.5 | Determination of probability of adequacy and
mean probability of adequacy

The probability of adequacy (PA) was calculated for eleven essen-
tial micronutrients (vitamin A, vitamin C, thiamin, riboflavin, niacin,
dietary folate, B1,, Bg, calcium, iron and zinc). Age and gender spe-
cific, EARs proposed by the Institute of Medicine (IOM), USA
(IOM, 1998:; IOM, 2000a; IOM, 2001 and IOM, 2011) were used
to calculate the probability of adequacy (PA) of micronutrients
other than zinc. The EAR of iron was adjusted for 10% bioavailabil-
ity, close to the reported bioavailability of iron from rice-based
meals in adolescent girls (Nair et al., 2013). To calculate the EAR
of zinc, the recommendation proposed for refined/mixed diet by
the International Zinc Consultative Group (IZiINCG, 2004) was used,
because a refined cereal-based diet is typically consumed in South
India (Table S1). The coefficient of variation (CV) of requirements
proposed by WHO (WHO, 2005a) and IZINCG (IZiNCG, 2004) was
used to calculate the standard deviation (SD) of requirements
(SD = CV x EAR). The PA was calculated as the probability that a
child's usual intake was above EAR, using the ‘CDFNORM’ function
in SPSS software (IOM, 2000b). The mean probability of micronu-
trient adequacy (MPA) for each child was calculated as a mean of
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probability of adequacies of all 11 micronutrients. The prevalence
of micronutrient inadequacy was defined as MPA < 0.5
(Becquey & Martin-Prevel, 2010). The macronutrient distribution
range was calculated as the percentage of energy obtained from
the amount of carbohydrates, protein and fats consumed and com-
pared with the Acceptable Macronutrient Distribution Range
(AMDR) proposed by WHO (WHO, 2003). Estimated Energy
Requirements (EERs) were calculated for each child using equations
for basal metabolic rate, estimated from the individual's age, gender
and weight and considering the additional demads for growth and
habitual moderate physical activity (FAO/WHO/UNU, 2004).

2.6 | Sample collection and biochemical
estimation methods

Venous blood samples (4 ml) were collected in heparin tubes from
the children in the morning, and plasma was separated and stored
at —80°C. Haemoglobin in the whole blood was estimated by
direct cyanmethaemoglobin kit (Hemocor-D, Coral Clinical Systems,
India). Plasma ferritin (Calbiotech, El Cajon, CA, USA) and C-
reactive protein (CRP; [R&D System, Minneapolis, MN, USA]) were
estimated by the Enzyme Linked Immuno Sorbent Assay (ELISA)
method. Plasma concentrations of B1, and folate were determined
by dual count no-boil Radio Immuno Assay (RIA) kit (Siemens Med-
ical Solutions Diagnostics, Los Angeles, CA, USA). Anaemia was
defined in terms of haemoglobin values, 8-11.5 g dL™! in children
6-11 years and 8-12 g dL™! in children aged 212 years. Ferritin
concentrations <15 pg L~! were considered as iron deficient (ID),
and ferritin concentrations <15 pg L™! along with anaemia were
considered to have iron deficiency anaemia (IDA) (WHO, 2017).
Ferritin values were excluded if CRP concentrations were >5 mg L™2.
The concentrations of By, < 150 pmol L™* and folate < 10 nmol L™!
were considered as deficient (WHO & FAO, 2006; Shalini
et al,, 2019). A set of three in-house quality control samples were
analysed along with each set of samples for all the analytes, and

the inter/intra-assay variation was always <5%.

2.7 | Data analysis

Descriptive statistics, mean and SD, were used for normally distrib-
uted variables. The differences in mean values were tested using
one-way analysis of variance (ANOVA) with post-hoc least signifi-
cant difference (LSD) test for multiple comparisons. For skewed
distributions, median values with inter quartile range (IQR) are
reported particularly for food groups, nutrient intakes and bio-
markers. The differences were tested using the non-parametric
Kruskal-Wallis test for comparison between more than two groups.
The Chi square test was used to investigate the association of cat-
egorical outcome variables (dietary micronutrient inadequacy, anae-
mia, ID, IDA, folic acid and vitamin Bj, deficiency) and the

independent dietary and non-dietary factors. Logistic regression



MADHARI ET AL. I ‘

analysis with crude and adjusted odds ratios was used to test the
strength and direction of the association (Hosmer, Lemeshow, &
Sturdivant, 2013). Multivariate logistic regression, with models
adjusted for age, gender and dietary energy, was used to examine
the association of various factors with dietary micronutrient inade-
quacy and also to examine the association of overall as well as
individual dietary micronutrient adequacies with anaemia, 1D, IDA,
folate deficiency and vitamin B4, deficiency. Statistical significance
was considered at P < .05, and all tests done were two sided. The
data were analysed using SPSS software package (version 19.0,
SPSS Inc, Chicago, IL, USA).

2.8 | Ethical considerations

The study is approved by the Institutional Ethical Committee of the
ICMR-NIN, Hyderabad, India (IEC Protocol Number: 10/1/2017) and is
registered with the Clinical Trials Registry, India (CTRI Trial Registra-
tion Number: CTRI/2017/11/010655).

3 | RESULTS

3.1 | Study population characteristics

The mean age (SD) of the children was 11.7 (2.45) years and was
similar between boys and girls. A significantly higher proportion
(27%) of younger children (6-9 years) were thin compared with
older children (10-13 years: 18% and 14-17 years: 10%), while
there were no gender differences. Prevalence of stunting was simi-
lar in all age groups and was independent of gender. The prevalence
of overweight/obesity was 5%. Ninety percent of the households
were nuclear families, 49% belonged to either scheduled caste or
scheduled tribes, 56% had an own house, 51% had a separate
kitchen and 85% of the study population were Hindus. Majority of
the parents were uneducated, whereas 21% of the mothers were
homemakers. About 66% of mothers and 80% of fathers were
daily-wage labourers. Majority of households (293%) had access to
improved household facilities such as electricity, non-solid cooking
fuel (Liquid Petroleum Gas), piped water and improved toilet
(Table 1). The mean family income was INR 15,054 per month
(approximately USD 198.08). About 91% of the households habitu-

ally consumed a mixed diet.

3.2 | Food group consumption and dietary
micronutrient adequacies

The children consumed a diverse diet. The median (IQR) number of
food groups consumed by study children was 13 (11, 13) and was
similar in all age groups, with a minimum of eight food groups con-
sumed by all children and 211 food groups consumed by 87% of
the children. in the median

However, inequalities are seen
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consumption of different food groups (Table S2) and nutrient ade-
quacies (Table 2).

Overall, 96-98% of children consumed foods from the vegetable
group; however, the median daily intakes were very low (5-g leafy
vegetables, 25-g roots and tubers and 60-g other vegetables). The
pulse and legume group was consumed by 81% of the children, but
the consumption level was only 12 g day™*. About 8%, 17% and 26%
of children consumed dairy, fruits and flesh foods, respectively,
whereas 69% consumed eggs. The primary source of egg was the
MDM provided in schools. In contrast, the median cereal consumption
(predominantly rice) was 328 g day~*. Almost all children (96%) con-
sumed ready-to-eat away-from-home foods on the day prior to the
survey (Table S2).

The younger children (6-9 vyears) consumed a significantly
lower amount of foods from all the food groups, dietary energy
and micronutrients compared with older children (10-13 years and
14-17 years) (Tables S2 and S3). Consequently, the macronutrient
and micronutrient intakes differed significantly between the age
groups. Though the dietary energy intake was higher (1,950 kcal
vs. 1,603 kcal day™) in older children (10-17 years), almost 26%
of them consumed <85% of the estimated energy requirement
(EER); nevertheless, this percentage was significantly (P < .001)
higher compared to 7% in younger children (6-9 years). Carbohy-
drate was the main source of energy (70-72%) in their diets, closer
to the upper limit of the recommendation of (55-75%). Energy
intake from fats was suboptimal, that is, 14-15% compared with
the requirement of 15-30% (WHO, 2003). The younger children
(6-9 years) consumed a lower amount of most of the macronutri-
ents (P < .01) and micronutrients (P < .01) except total fat and vit-
amin C, whereas they consumed a higher amount of vitamin B,
(P < .05), which corroborates with a higher egg intake (Tables S2
and S3). Irrespective of age group, the probability of inadequacy
(Table 2) was very high for calcium (100%), dietary folate (96.2%),
vitamin By, (92.8%), vitamin A (91.8%), riboflavin (85.5%) and
iron (82%).

The overall adequacy of micronutrients (MPA) was significantly
highest (36%) in the youngest age group (6-9 years) compared with
29% and 15%, respectively, in older age categories (10-13 years
and 14-17 years), despite significantly lower absolute intakes of
most micronutrients by virtue of their lower requirements (Table 2).
Though food diversity was good and energy intake was positively
associated with MPA (R? = 0.40, P < .001), only 14% of the children
(6-17 years) in the study had MPA = 0.5. None of the children
were sufficient for all 11 micronutrients, whereas 82% of them had
intakes below EAR for 6-11 micronutrients, and significant differ-
61.659,
P < .001), indicating an imbalanced macronutrient and insufficient

ences were observed between age categories (;(2 =

micronutrient intakes.

The cereals group was the major contributor (25-50%) for
almost 9 out of the 11 micronutrients. The second largest contribu-
tor of thiamine, folate, iron and zinc was the pulse and legume
group (10-17%). Despite low quantities of consumption, eggs, flesh

foods and dairy contributed to 20-33% of the B-complex
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TABLE 1 Characteristics of the study population

Characteristic

Age and gender distribution in the study population
Age, years, mean * SD

6-9 years, n (%)

10-13 years, n (%)

14-17 years, n (%)

Girls, n (%)

Boys, n (%)

Anthropometry of study children

Weight, kg, mean + SD

Height, cm, mean + SD

Stunted (HAZ <-2 to <=3), n (%)

Thin (BAZ <-2 to —3), n (%)

Overweight/obese (BAZ >+1), n (%)

Religion and community, n (%)

Hindus

Muslims and others

Scheduled caste and scheduled tribes

Backward caste and others communities

Family income per month, n (%)

High income (= INR 16,722) or (> USD 220.03)
Middle income (INR 10,840-INR 16,722) or (USD 142.63 - USD 220.02)
Low income (< INR 10,840) or (< USD 142.63)
Level of education and occupation of parents, n (%)
Mother—uneducated

Mother—primary education (1st to 5th standard)
Mother—upper primary education & above (6th standard and above)
Father—uneducated

Father—primary education (1st to 5th standard)
Father—upper primary education & above (6th standard and above)
Mother—homemaker

Mother—housemaid or daily wage labour
Mother—service, business or other occupation
Father—daily wage labour

Father—service, business or other occupation
Household facilities, n (%)

Ownership of house

Presence of separate kitchen

Access to improved non-solid cooking fuel

Presence of electricity

Access to improved source of drinking water

Access to improved toilet facility

Note: Values are n (%) or mean * SD.
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Study children (N = 300)

11.74 +2.45
54 (18.00)
174 (58.00)
72 (24.00)
165 (55.00)
135 (45.00)

33.39 £10.78
141.51 £ 14.72
43 (14.33)
53(17.67)
15 (5.00)

251 (84.51)

46 (15.49)
146 (49.16)
151 (50.84)

101 (34.01)
98 (33.00)
98 (33.00)

197 (65.70)
40 (13.30)
63 (21.00)

142 (47.30)
56 (18.70)

102 (34.00)
60 (20.55)

194 (66.44)
38(13.01)

212 (80.30)
52 (19.70)

167 (56.23)
151 (50.84)
279 (93.94)
296 (99.66)
281 (94.61)
277 (93.27)

Abbreviations: BAZ, body mass index for age z score; HAZ, height for age z score; INR, Indian Rupee; SD, standard deviation; USD, United States Dollar.

micronutrients and significant amounts of iron, zinc and calcium.
Though, animal source foods were the major contributors (44%) to

calcium intake, the amount consumed was dismally low. The

vegetable and fruit group contributed significant amounts of vitamin
A (44%), vitamin C (42%) and folate (25%). Condiments and spices

provided <7% of most micronutrients, whereas away-from-home
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TABLE 2

Micronutrient 6-9 years (n = 54)

PA-vitamin A 0.10 + 0.26° 0.10 + 0.26°
PA-vitamin C 0.43 + 0.46° 0.35 + 0.45°
PA-thiamine 0.50 + 0.46° 0.47 +0.43°
PA-riboflavin 0.31 £0.40° 0.13+0.28°
PA-niacin 0.59 +0.40° 0.52 + 0.41°
PA-dietary folate 0.09 +0.27° 0.04 +0.15°
PA-vitamin By, 0.10 £ 0.30° 0.07 £0.25°
PA-vitamin By 0.70 £ 0.412 0.56 +0.43°
PA-calcium ND ND

PA-iron 0.24 +0.38° 0.20 + 0.35°
PA-zinc 0.85 +0.30° 0.77 + 0.35°
MPA 0.36 £0.22° 0.29 £0.20°

10-13 years (n = 174)

~WI ]_]—:YJ7;f14

Probability of adequacy of micronutrient intakes among different age groups

14-17 years (n = 72) Pooled (N = 300) P value
0.03+0.10° 0.08 +0.23 0.059
0.17 £ 0.32° 0.32+0.43 0.001"
0.21+0.37° 041044 <0.001™"
0.05+0.18 ¢ 0.15+0.30 <0.001""
0.33+0.39° 0.48 + 0.41 0.001"
0.01 +0.07° 0.04+0.17 0.030°
0.06 + 0.24° 0.07 £0.26 0.640
0.28 +0.38° 0.52+0.44 <0.001""
ND ND ND

0.09 + 0.24° 0.18 +0.34 0.017"
0.41+041° 0.70 + 0.39 <0.001""
015+0.17°¢ 0.27 £0.21 <0.001""

Note: Values are mean * standard deviation. Mean values between age groups were compared by one-way ANOVA with post-hoc LSD test. Significant dif-
ferences in mean values between age groups are indicated by different superscript letters a, b and c.
Abbreviations: ANOVA, analysis of variance; LSD, least significant disfference; MPA, mean probability of adequacy; ND, not determinable because PA was

less than 0.001; PA, probability of adequacy.
“Significantly different at P < .05.
“Significantly different at P < .01.
"Significantly different at P < .001.

foods contributed 3-19% of nine micronutrients except vitamins Bg
and B12.

3.3 | Biochemical status of haemoglobin, plasma
ferritin, folic acid and vitamin B4,

Plasma ferritin and B vitamin concentrations showed a decline in older
(10-17 years) children compared with younger children (6-9 years),
while haemoglobin improved with age (Table 3). The overall prevalence
of anaemia, ID and IDA was 53%, 57% and 38%, respectively, whereas
the prevalence of folic acid and vitamin B, deficiency were 24% and
43%, respectively. The prevalence of IDA and folic acid deficiency dif-
fered significantly (P < .05) between age categories, with higher preva-
lence in the older children. The prevalence of anaemia, ID and vitamin

B, deficiency did not differ in the three age groups (Figure 1).
3.4 | Factors associated with MPA

Logistic regression was used to assess the association of selected
individual and household level factors with risk of dietary micronu-
trient inadequacy (MPA < 0.5) in unadjusted and adjusted models
(Model 1, adjusted for age and gender and Model 2, adjusted for
age, gender and energy intake). These factors were chosen based
on recent literature (Pillay et al, 2018; Shalini et al., 2019). The
odds of micronutrient inadequacy were two times higher in chil-
dren belonging to backward and other communities (OR: 2.43;
95% Cl: 1.22, 4.81; P = .011) when compared with scheduled caste
and schedule tribe communities and lower in children belonging to
other religions (OR: 0.35; 95% Cl: 0.16, 0.73; P = .005) compared
with Hindu religion. The associations remained significant when

adjusted for age and gender but disappeared when further adjusted
for dietary energy (Table S4).

3.5 | Association of PA and MPA with anaemia and
micronutrient deficiencies

The 11 micronutrients were analysed individually using logistic regres-
sion, considering PA of individual micronutrients as a continuous pre-
dictor variable and each of the biochemical deficiencies (anaemia, ID,
IDA, folic acid and vitamin B4, deficiencies) as dichotomous categori-
cal outcome variables separately. These associations were tested in all
the unadjusted and adjusted models. For every unit increase in the PA
of dietary iron and zinc, a 63% and 48% decrease in the odds of anae-
mia, and a 72% and 47% decrease in the odds of IDA, respectively,
were noticed in the unadjusted model. These associations remained
significant for anaemia even after adjusting for age, gender and energy
intake. However, with respect to IDA, the association remained signif-
icant only for dietary iron (P < .01), in the adjusted models. In addition,
a significant association (P < .05) of riboflavin adequacy with reduced
risk of IDA was observed in the unadjusted model but disappeared
when adjusted for covariates (P = .133). Dietary vitamin B4, adequacy
was weakly associated with reduced odds of iron deficiency in all
the unadjusted (P = .067) and adjusted (P = .056) models (Tables S5
and Sé).

The MPA was significantly (P < .05) associated with anaemia and
IDA. One unit increase in MPA led to a 69% and 78% decrease in risk
of anaemia and IDA, respectively, in the unadjusted model and
remained significant in the adjusted models as well. However, MPA
was weakly associated (P = .08) with ID only in the unadjusted model
(Tables S5 and Sé).
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N 3.6 | Potential of fortified staple foods and IFA
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_ g § g nations (Table 4). The FSSAI suggests lower and upper ranges for the
— [o0) w0
& _ g § § 2 § fortification of nutrients, and ABM programme suggests a weekly once
N © [9]
S o :; S 95 3 regimen for IFA supplementation for school-age children. Therefore,
. — - - o & S
I~ E g <th ﬁ E 'E_ g both the suggested ranges for fortified foods and the per day equiva-
8 . o [}
h =, 2 % . T 3 % @ lent dose of iron and folic acid from IFA supplements were modelled to
S o g N 3 X e 9
v ¥ 33 ﬁ s § g E o® = predict adequacy and risk of excessive nutrient intakes. The predicted
g g 9 g Lo =
§ : 4 :: ct,' A 03 > i 2 § . risk of dietary inadequacy of iron from habitual diet was 82% that
[32] ~ 0 [T c
QI Ny :‘_. : : g ] ,\> 2 decreased to 13% with use of DFS, to 11% with the use of rice fortified
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[J] = o & o N =] — Q
5 N = 2 g < g § 4 § simultaneously to deliver additional iron, the risk of inadequacy dis-
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TABLE 4 Risk of inadequate and excess intake of iron, folate and vitamin B4, before and after inclusion of fortified staple foods and IFA

supplements

Iron

Risk of inadequate

Source of intake intake intake
Habitual diet 82 0
Habitual diet + DFS 13 1
Habitual diet + FR-mFL 11 1
Habitual diet + FR-MFL 3 2
Habitual diet + IFA 7 0
Habitual diet + DFS + FR-mFL 1 6
Habitual diet + DFS + FR-MFL 0 16
Habitual diet + DFS + I[FA 0 4
Habitual diet + FR-mFL + IFA 0

Habitual diet + FR-MFL + IFA 0 8
Habitual 0 22

diet + DFS + FR-mFL + IFA
Habitual 0 40

diet + DFS + FR-MFL + IFA

Note: Values are percentages.

Risk of excess

Dietary folate equivalent Vitamin B4,®
Risk of inadequate Risk of excess Risk of inadequate
intake intake intake

96 0 93

96 0 93

91 0 92

81 0 91

62 0 93

91 0 92

81 0 91

62 0 93

37 0 92

25 0 91

37 0 92

25 0 91

Abbreviations: TDFS, double fortified salt, that is, iodized salt fortified with iron at 1 mg g‘l; TFR, rice fortified with iron, folic acid and vitamin B1o; mFL,
minimum fortification level (iron—28 mg kg’l; folic acid—75 pg kg’l; vitamin B1,—0.75 pg kg’l); TMFL, maximum fortification level (iron—42.5 mg kg’l;

folic acid—125 pg kg™%; vitamin B1,—1.25 pg kg™); tSource: FSSAI, 2018

HFA, iron folic acid supplements (6- to 9-year-old children, 6.4-mg iron and 57.1-pg folic acid per day; 10- to 19-year-old adolescents, 8.6-mg iron and

71.4-pg folic acid per day); ¥Source: MoHFW-Gol, 2018.

?Risk of excess intake is not determinable as there is no established tolerable upper limit for vitamin B,.

geographic boundaries with the current study, reported a higher MPA
(38%) and PA for iron (82% vs. 18%) and inequalities in other micronu-
trient intakes except folate and vitamin B1». It is likely that higher pulse,
vegetable, fruit and dairy intakes in adult population might have con-
tributed to the higher micronutrient adequacies, particularly for iron. In
addition, the requirement of iron is higher for adolescents compared
with adults thereby increasing their risk for greater diet inadequacies.
The inequalities could also be due to differences in food availability,

access and affordability between rural, peri-urban and urban areas.

Despite a high food diversity and a significant positive association
of mean dietary energy intakes with MPA, only 14% of the study chil-
dren had an MPA > 0.5. These children mainly subsisted on rice as the
major staple, which contributed to more than 50% of the energy,
whereas the relative contribution of other food groups was low.
Although a high proportion of children consumed pulses, leafy vegeta-
bles and eggs, their median intake was grossly low. The predominance
of rice as the major source of dietary energy in South Asia has been

associated with inadequate intakes of many micronutrients (Arsenault
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et al., 2013). This indicates that, though the children were living in a
food environment with higher food access and consuming foods from
different food groups, the quantities of the micronutrient-rich foods
consumed are less. Similar consumption patterns are also reported
in adolescents from other parts of India (Ganesan, Chacko, &
Muhammad, 2019; Rathi, Riddell, & Worsley, 2017; Shaikh, Patil, Halli,
Ramakrishnan, & Cunningham, 2016) as well as the neighbouring coun-
try, Bangladesh (Ahmed, Rahman, Noor, Akhtaruzzaman, &
Hughes, 2006; Leroy, Ruel, Sununtnasuk, & Ahmed, 2018; Nguyen
et al., 2018). However, it should be noted that EARs in the current study
are adopted from IOM, and may not necessarily reflect actual require-
ments, and serve only to assess the relative risk. During the analysis of
this data, EARs of iron for Indian children and adolescents were
reported (Ghosh, Sinha, Thomas, Sachdev, & Kurpad, 2019;
Swaminathan et al., 2019), which are higher compared with IOM recom-
mendations. As a consequence, the risk of iron inadequacy increased
further (93% vs. 82%) when these EARs were considered (Table S7).

Rising prices of micronutrient-rich foods such as pulses,
legumes, fresh fruits, vegetables and animal source foods may have
limited the access to these foods to complement the staples
adequately (Levay, Mumtaz, Faiz Rashid, & Willows, 2013). More
recent qualitative studies (Rathi, Riddell, & Worsley, 2016) report
some important undesirable influencers on food habits of adoles-
cents in urban India that include authoritative/authoritarian parent-
ing styles, peer influences, availability and access to ready to eat
energy dense, nutrient poor convenience foods at homes, schools
and urban neighbourhoods, rising women employment and eye-
catching repeated commercials on undesirable foods in mass media.
Though we did not measure most of these factors, they are likely to
exist as the study schools are situated in the peri-urban area and
may contribute to children developing unhealthy food habits leading
to MNDs. Further, it was noticed that most households of the study
children had migrated, for livelihood, to areas near the study sites.
Migration to urban and peri-urban areas may have improved food
access but more so towards unhealthy foods and processed foods
that are available at a much lower price compared with fruits and
vegetables (Hawkes, Harris, & Gillespie, 2017). It is also possible
that the households in the study were spending more on non-food
items as a coping mechanism due to pressures of urbanization,
thereby limiting access to adequate micronutrient rich foods.

More often, a significant association between maternal illiteracy,
a lower household wealth status, lower household food security and
access to a diet with low nutrient adequacy is reported (Pasricha &
Biggs, 2010; Syahrul et al., 2016; Wolde, Berhan, & Chala, 2015). The
non-availability of data on some of the individual and household level
variables due to logistic hurdles related to time and transport pre-
cluded us from analysing the association of the potential non-dietary
mediators of micronutrient adequacy. Moreover, the sample size
could have been inadequate to evaluate the association of the poten-
tial non-dietary mediators. The exact nature in which religion and
caste affects individual characteristics and impact micronutrient inad-
equacy is less studied and requires more research (Mahadevan &
Suardi, 2013).
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4.2 | Association of PA and MPA with subclinical
micronutrient status in study children

The prevalence of anaemia and deficiencies of plasma ferritin, folic
acid and vitamin B4, was found to be high in children, consistent with
dietary inadequacies. A high prevalence of these deficiencies has been
reported in Indian children, adolescents and adults (CNNS, 2019; Nair
et al., 2016; Shalini et al., 2019). In the present study, inadequacy of
dietary iron adjusted for potential covariates is significantly associated
with anaemia, ID and IDA. Further, the prevalence of IDA was found
to be lower than that of anaemia and ID. It is now increasingly recog-
nized that only half of anaemia is attributable to ID, while other
concurrent nutrient deficiencies and infections might affect the eryth-
ropoiesis leading to anaemia, independent of iron status (Khatib
et al.,, 2006; Pasricha et al., 2018; Shalini et al., 2019; Thoradeniya,
Wickremasinghe, Ramanayake, & Atukorala, 2006). Apart from iron,
multiple nutrients influence haemoglobin synthesis (Koury &
Ponka, 2004). MPA is independently associated with increased odds
of anaemia and IDA, after adjustment for covariates, implying the role
of other nutrients in anaemia. Interestingly, dietary inadequacy of zinc
was also associated with higher odds of anaemia. It has been reported
that zinc is positively associated with haemoglobin status in human
subjects and animal models (Kondaiah, Yaduvanshi, Sharp, &
Pullakhandam, 2019). MPA has been reported to be associated with
IDA and folic acid deficiency in adult and elderly population (Shalini
et al,, 2019), but a few studies showed no association between clinical
deficiencies and dietary intakes (Henjum et al., 2014; Seshadri, 2001;
Swaminathan et al., 2019).

4.3 | Potential contribution of staple food
fortification and nutrient supplementation to
micronutrient adequacy in study children

The above results indicate high prevalence of dietary inadequacies
and subclinical micronutrient deficiencies among school-age children
and thus warrant the need for effective intervention strategies for
their prevention and control. Indeed, fortified foods with iron have
been reported to reduce anaemia and improve iron status among
different physiological groups (Andersson et al., 2008; Moretti
et al, 2006; Radhika et al., 2011; Sivakumar et al., 2006). Keeping
in view the deficits in dietary intakes and high prevalence of bio-
chemical deficiencies, concerted efforts are being made by the
national government to promote fortified staple foods through
national safety net programs and intensification of IFA supplement
uptake (‘FFRC-FSSAI’ 2019; Bhatia et al., 2018; MoHFW-Gol,
2018). Nevertheless, simultaneous ingestion of nutrients through
multiple fortified foods and/or IFA supplements might lead to
excessive intake. Excessive iron intake has been implicated to
increase oxidative stress and intestinal inflammation (Casanueva &
Viteri, 2003; Jaeggi et al., 2015). Further, unabsorbed iron from for-
tified foods was reported to induce undesirable growth in patho-
and weaken gut immune function

genic gut microbiota
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(Ma et al., 2016; Zimmermann et al, 2010). As demonstrated
through the modelling analysis, the potential risk of excess iron
intake in school-age children rises to 6-16%, if two fortified foods
are simultaneously ingested, and increases further to 22-40%, if IFA
supplement is also consumed in addition to two fortified foods in
habitual diets. Similar findings, with variations among different
states in India, have been reported recently, when predicted iron
intakes from diet data extracted from national database and that
likely to be obtained from fortification and supplementation pro-
(Ghosh et al., 2019;
et al., 2019). Together, these results suggest a potential contribution

grams were modelled Swaminathan
of multiple fortified foods and IFA supplementation towards excess
intake of iron when parallely implemented in the country. Therefore,
a more systematic analysis of population level dietary inadequacies
and adjustments in nutrient levels in fortified foods and supple-
ments is required to inform policy. The fact that substantial amount
of anaemia is independent of iron status and other micronutreint
inadequacies are associated with anaemia, more systematic
approach such as screening for ID followed by tailored treatment

could be considered.
4.4 | Strengths and limitations of the study

An important strength of the study is that the usual dietary intakes
from multiple day diet recalls were estimated by using robust methods
to adjust daily intakes with a variance estimate derived from the same
study group. The more robust probability approach was used in
adequacies. The IOM
(IOM, 2000b) suggests diet measurements in a moderately large num-

assessing the dietary micronutrient
ber of subjects (30-40 subjects per stratum/group) on two non-
consecutive days or on three consecutive days to assess intra-individ-
ual variance and probability of nutient adequacy. In this study, the sin-
gle day 24HR was conducted in 300 children, and the multiple day
24HR was conducted on three non-consecutive days in a subsample
of 105 children, that is, in 30 (6-9 years), 45 (10-13 years) and
30 (14-17 years) children, respectively. In addition, we also related
the dietary intakes to that of subclinical nutrient levels, that is, blood
haemoglobin, plasma ferritin, folic acid and vitamin B4,.

However, there are several limitations: (1) There could be
underreporting of food consumed away-from-home by the target
child; (2) the EARs were adopted from IOM, USA and may not reflect
the actual requirement for our study population, which might influ-
ence the results; (3) the single time point data is specific to school-age
group of poorer socio-economic strata, restricted to a geographic
region and thus may not be representative and cannot be generalized
to the entire population; (4) the study highlights the need for more
research at the population level, to consider adjustment of the nutri-
ent levels in fortified foods and supplements, at least of iron in the
context of multiple interventions; (5) as it was not logistically feasible
to collect data on some of the individual and household level facilities,
we were not able to assess the potential effects, if any, of the
unmeasured non-dietary factors on dietary inadequacies and micronu-

trient status in the study children.
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In conclusion, these results indicate a high risk of multiple micro-
nutrient dietary inadequacies, high prevalence of anaemia, ID, IDA,
subclinical deficiencies of folic acid and vitamin B, in the study chil-
dren and suggest need for fortification and/or supplementation. How-
ever, dosage of nutrient levels, in fortified foods and/or nutrient
supplements, needs to be adjusted to avoid excessive intakes, particu-

larly of iron.
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