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Abstract

Background: India has a high prevalence of micronutrient deficiency-related health risks, which can be improved
by food fortification. Objectives: To identify and analyze single or multiple micronutrient (MMN) food-fortification
studies for their efficacy and effectiveness in India. Methods: Papers from searching 10 databases were
independently screened by two researchers. Data were abstracted to summarize food fortification results on
biological markers, anthropometry, clinical, morbidity, cognition, dietary intake, and physical performance.
Results: Forty-seven papers, of which 25 were randomized controlled trials, were included for analysis. Children
<12 y were the main population (n=38). Food vehicles were cereals (n=6), oils and salts (n=18), and other (e.g.,
school meals (n=23)). Improvements in 21 biological markers were reported in all 35 papers (22 MMN, 9 Iron, 4
lodine) with interpretable results. More specifically, iron or hemoglobin improvements were noted in all papers
fortifying with MMN or solely iron. lodine nutriture was improved in all salt iodization papers. Eight of 14, 6 of 7,
2 of 6, 4 of 6, 1 of 4, and 1 of 1 papers with interpretable results showed 21 positive result of fortification in
anthropometry, clinical signs, morbidity, cognition, dietary intake, and physical performance, respectively.
Conclusion: Research in India suggests food fortification improves biological markers, particularly iron and
hemoglobin when fortifying with MMN or iron. MMN fortification saw more health impacts than using single
fortificants. lodine status was improved through salt iodization. Existing government nutrition programs,
especially those that target children, are good avenues for food fortification implementation.
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Introduction fortifying with iron, vitamin A, and multiple
micronutrients (MMN) increases hemoglobin levels
and reduces the prevalence of anemia [19,20].
India’s history of fortification began in 1953 when
fortification of hydrogenated vegetable oil
(vanaspati) with vitamin A and D [21] was mandated.
Mandatory salt iodization began in 1998. However,
in  2005-2006, only 51% of households used
adequately iodized salt [3]. In 2000, wheat flour
fortification started in West Bengal. Since then, 11
other states introduced fortification, though many
initiatives have halted due to change in leadership or
logistical constraints [22].

The Indian government has recommended food
fortification in the 10th, 11th, and 12th Five-year
Plans as a strategy to improve nutrition through

India shares a disproportionate number of
micronutrient deficiency-related health risks (e.g.,
neural tube defects (NTDs) [1], blindness [2], and
anemia [3]), which affect over 2 billion people
worldwide [4]. Previous reviews [5,6] in India stress
food fortification as a strategy for improving health,
highlighting research of iron, B-vitamin, and vitamin
D deficiency on Indian populations.

Food fortification is used in many countries for
improving nutrition [7]. Salt iodization around the
world has consistently benefited reducing iodine
deficiency disorders [8]. All countries that have
evaluated folic-acid fortification of flour have shown
a decrease in NTDs [9-18]. Evidence shows that
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existing government nutrition programs: Integrated
Child Development Services (ICDS, targets pre-school
children and pregnant or lactating women) [23], Mid-
Day Meal (MDM, targets school children) [24], and
Public Distribution System (PDS, targets poor,
underserved communities) [25].

Aims & Objectives

The purpose of this review was to identify and
analyze food fortification studies for their efficacy
and effectiveness in India.

Material and Methods

Literature Search

A literature search (Table 1, [26-35]) to find food
fortification research in India was conducted across
ten databases.

Inclusion and Exclusion Criteria

Published trials, with full-text English-language
version, with post-intervention data in at least one
outcome measure (biological markers,
anthropometry, morbidity, cognition, clinical signs,
physical performance, and dietary intake) describing
the results of fortification of foods with one or more
micronutrients on the population of India were
included.

Reviews, conference abstracts, and letters to the
editor were excluded. Papers about fortification at
the point of use (e.g., home fortification,
micronutrient powders) and papers about
biofortified crops, genetically modified foods, foods
fortified with foods, drug fortification,
macronutrient fortification, fortified oral
rehydration salts, fortification of enteral/parenteral
feeds, fortification with pre- and pro-biotics, ready to
use therapeutic foods (RUTF), spreads, breast milk
fortification and human milk fortifiers were also
excluded. In vitro bioavailability papers were
excluded, as well as ex-ante analyses.

Selection Process

After duplicates were removed, papers were
independently screened for relevance by two
reviewers in a multi-stage process (Figure 1). Papers
were reviewed, first the titles alone and then by titles
and abstracts, and then categorized as relevant,
irrelevant, or cannot determine relevance.

Any disagreements were resolved by discussion and
full text obtained for papers not marked as
irrelevant. Full texts were read independently for
final evaluation of pertinence and to obtain
additional papers relevant for the review. All papers
marked as relevant at this stage underwent data
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extraction independently by the two reviewers and
after discussion, summarized into a standardized
form.

Data Extraction

Two reviewers independently extracted the
following from each full-text paper: Study design
(e.g., randomized controlled trials, cross-sectional),
age of subjects at baseline, initial number of subjects
selected and those who had end-point data reported
(in the case of discrepancies in either number, the
smaller number was reported), population
characteristics (e.g., pregnancy status, gender),
Indian state in which the study took place, food

vehicle wused for micronutrient fortificant(s),
micronutrients added, intended micronutrient
dosage and frequency, and duration of the

intervention. A narrative of statistically significant
results along with important remarks on study
design or data were noted.

Data Analysis

For each outcome measure, it was noted if there was
a statistically significantly positive or negative effect
of food fortification, no significant effect, or an un-
interpretable result (e.g., missing statistical
comparison between intervention and control
groups). Results were reviewed as a whole in each
outcome category, and then stratified into three
subgroup analyses: age, micronutrients, and food
vehicle.

Results

Literature Search

An initial 1037 papers were reviewed. After
screening (Figure 1), 48 papers were selected and
data were extracted from 47 papers for the review;
one paper [36] described the study design details of
results from another [37], and therefore both papers
were counted as one.

The papers reported studies conducted in one or
more of 13 Indian states. Intervention trials with at
least one experimental group (i.e., received fortified
food) and one control group (i.e., received no
intervention or received unfortified food) made up
41 papers, with 25 randomized controlled trials, and
for the other 16 it was unclear if randomization
occurred. Cross-sectional designs were reported in 6
of the papers, all of which included endpoint data
from large-scale samples of a population to monitor
effectiveness of iodized salt.

The majority of papers (n=42) reported on children
(e.g., preschoolers, low income, Mid-Day Meal
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Program participants). Children aged 0-5 vy, 6-12 vy,
and y were the focus in 10, 28 and 9 papers,
respectively.

Food vehicles used were cereals (e.g., wheat flour,
rice (n=6)), oils and salts (e.g., ground nut oil, salt
(n=18)), and other (e.g., school meals, beverages
(n=23)). All cereal food vehicle papers fortified with
only iron. The majority of papers discussed MMN
fortification (n=29). Single fortificants were iron
(n=9), iodine (n=6), vitamin A (n=2) and other ((n=1),
where fortificant(s) added was unclear [38]).

Effects on Biological Markers

Thirty-seven papers provided results of fortification
on biological markers (Table 2, [37-83]). In 35 of
these (22 MMN, 9 iron, 4 iodine), the results were
interpretable, and all had at least one result that
indicated a positive effect of fortification. Markers of
iron or hemoglobin were the most-reported positive
results. Salt (n=14) was one of the most common
food vehicles for positive results. Soley iron as the
fortificant, or solely iodine as the fortificant, resulted
in positive outcomes in all papers for iron, and iodine
nutriture, respectively.

Effects on Anthropometry

Fourteen out of 20 papers provided interpretable
results on anthropometry (Table 2). Height (n=11)
and weight (n=10) were the most reported results.
All papers with at least one positive effect on an
anthropometric outcome were MMN fortification
(n=8).

No papers on solely iodine fortification reported on
anthropometry.

Effects on Clinical Outcomes

Seven of 11 papers provided interpretable results on
effects of food fortification on clinical outcomes, of
which 6 were positive. The outcomes that were most
positively associated with fortification were angular
stomatitis (n=3), goiter (n=2) and bitot’s spots (n=1)
(Table 2).

No papers reported negative effects on clinical
symptoms, and no papers on iron fortification
reported on clinical outcomes.

Effects on Morbidity

Six of 10 papers provided interpretable results on
morbidity (Table 2). Diarrhea (n=4), fever (n=4), and
respiratory illnesses (n=3) were the most reported
measures. In 2 of the 10 papers, there was a positive
effect of fortification on at least one morbidity
measure, and both were MMN fortification papers
using a prepared beverage as the vehicle.
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Four papers (2 MMN and 2 iron) reported no effect
on morbidity.
Effects on Cognition
Six of 7 papers provided interpretable results on
effects of food fortification on cognition (Table 2); all
were in the 6-12 y age group. Four papers showed a
positive effect of fortification on at least one
cognition outcome and all were MMN fortification.
Two papers reported no effect of fortification. No
paper reported negative effects on cognition.
Effects on Dietary Intake
Four papers provided results on effects of
fortification on total dietary intake, of which
lindicated a positive effect on dietary intake of iron
through fortification of salt with solely iron (Table 2).
Three papers (all MMN) reported no effect of
fortification on dietary intake. No paper reported
negative effects.
Effects on Physical Performance
One of two papers provided interpretable results of
fortification on physical performance. One indicated
a positive effect of MMN fortification. The other
paper was an iron-fortified rice and did not have
interpretable results. Both papers were in the 6-12 y
age group.

Discussion

This paper is the first review of food-fortification
research in India. Food fortification shows an overall
positive impact, with 42 out of the 47 identified
research papers reporting at least one health benefit
in the following outcome categories: biological
markers, anthropometry, clinical signs, cognition,
morbidity, dietary intake, and physical performance.
MMN Fortification

All papers with interpretable results for MMN
fortification reported at least one positive outcome
on biological markers. Findings are consistent with
previous reviews [84]. lron (n=19), hemoglobin
(n=22), vitamin A (n=6), iodine (n=9), vitamin B12
(n=7), folate (n=7), and other B complex vitamins
(n=6) were the most reported positive results. One
MMN paper [61] was the only one in the review to
report a negative effect on a biological marker,
specifically a decrease in median urinary iodine. This
could have been due to high iodine losses in the
micronized ground ferric pyrophosphate (MGFePP)
salt with high moisture content [61].

All papers which showed at least one positive
outcome in anthropometry had study durations of
longer than 9 months and were MMN fortification.
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Most of these also included zinc as an added
fortificant and reported linear growth benefits, as
described by other researchers [85,86]. The two
MMN papers which reported no effect of
fortification on anthropometry had shorter study
durations of 4 months each.

All positive effects from MMN papers on clinical
outcomes were reported on angular stomatitis or
goiter. Papers with positive results on angular
stomatitis included at least vitamin B2 and iron as
fortificants, and papers with positive results on
goiter included at least iodine as a fortificant.

The effects of MMN fortification on morbidity were
overall equivocal, similar to findings in other reviews
[20,84]. However, it should be noted that the only
positive results in morbidity across the review were
in two out of the five MMN papers that reported
morbidity measures. Both papers used MMN
fortification including zinc; this is consistent with a
previous review that zinc supplementation aids in
prevention of diarrhea and pneumonia [87].

Four out of five MMN fortification papers reported a
positive impact of at least one cognitive domain in
fluid reasoning, short-term memory measures, and
concentration tests, which is consistent with
previous research [5,88,89]. Three MMN papers
reporting positive results on short-term memory
measures included iron or zinc as a fortificant, which
is consistent with a study that zinc and iron
supplementation improve verbal and nonverbal
short-term memory [90]. Few positive effects of
MMN fortification were noted on long-term memory
or 1Q tests, and previous reviews have found the
same [5,84].

Physical performance was reported in one paper
[39], and had positive results in whole body
endurance, aerobic capacity and step test, which is
supported by research [91,92] that micronutrient
supplementation, particularly with iron and B
complex vitamins, largely affects aerobic exercise.
Iron Fortification

Iron as the sole fortificant resulted in improvements
in at least one iron and or/hemoglobin biological
marker for all papers; this is consistent with earlier
reviews [19,20,93,94]. Similar to previous
publications, iron fortification did not provide
evidence supporting anthropometric [85,95] or
morbidity [96] effects. One paper measured
cognition, and reported no significant effect of
fortification [69]. Previous reviews suggest beneficial
effects of fortification on cognition particularly in
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anemic or iron deficient anemic children, and
especially to those who were given treatment early
in infancy [90,97].The iron-depleted children from
the review paper mentioned above [69] were in the
6-12 age group, which may have been too old to
reverse any cognitive damage from early life iron
deficiency. No iron fortification paper identified in
this review reported physical performance
outcomes, though previous studies have shown iron
benefits on aerobic exercise [91,92,98].
lodine Fortification
The results observed in this review support the

National lodine Deficiency Disorders Control
Program’s (NIDDCP) vision of improved iodine
nutriture through government-mandated salt

iodization in India. All papers with interpretable
results for sole iodine fortification were large-scale
program assessments of salt iodization and showed
improvements in iodine status, which is consistent
with previous reviews [20]. No iodine fortification
papers identified in this review looked at
anthropometric outcomes, but a previous review
showed significant positive effects of iodized salt on
Indian children’s weight for age Z score (WAZ) [99].
No papers in this review looked at cognition and
iodine fortification, but it is well established that
iodine deficiency during intra-uterine life impairs
cognitive and psychomotor development [100].
Vitamin A Fortification

Two papers focused solely on vitamin A fortification
and neither provided many interpretable results,
with the exception of one that noted improvement
in clinical signs of bitot’s spots [83]. A previous
review reported benefits of vitamin A
supplementation on serum retinol concentration
and hemoglobin levels [20]. Other studies looked
primarily at large doses of vitamin A
supplementation and found little to no impact on
linear growth [85], and no effect on morbidity or
mortality [101].

Program Implications

Evidence in support of Indian government nutrition
programs were seen in the reviewed literature.
Three papers reporting on trials supported by ICDS
or MDM food fortification intervention all saw
improvements in at least one biological marker. The
majority of papers in the review were conducted on
children 12 vy, and this further suggests food
fortification as a method employed by ICDS and
MDM to reach that target population. Though a
handful of papers had low-income or
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no papers explicitly
food fortification

underprivileged subjects,
discussed any efforts of
intervention through PDS.

Strengths and Limitations

This review is the first comprehensive examination
of food-fortification research in India. Due to the
wide scope, limitations arose from heterogeneity of
publications and their study designs. Nonetheless,
the data retrieved from a systematic search of 10
databases and organized in table form provide a
holistic evidence of the effect of single and MMN

fortification on health indicators in the Indian
population.
Earlier reviews on India focused on specific

micronutrient deficiencies [5,6,102], or provided
highlights of food fortification research in India as a
small part of a larger research question regarding
fortification in all of Asia [99,103]. Other non-India
food fortification reviews focus only on one, or on

one specific combination of micronutrients
[84,88,93,94,99,104], target population
[20,84,85,94,104,106], food vehicle [105,106],

outcome measure [55,84,85,88,93,94,104,105], or
fortification/supplementation strategy [85,93].

This review is the first to provide a comprehensive
overview of results of food fortification trials in India,
is in line with the findings of other publications on
Indian and non-Indian populations, and contributes
additional important conclusions on food
fortification research in India.

Conclusion

Food fortification offers many health benefits to the
Indian population. The type of micronutrient is
strongly linked to expected benefits. Evidence was
strong for improvements in hemoglobin or iron
markers when fortifying foods with a MMN
fortificant containing iron or solely iron. Zinc as a
component of MMN fortification resulted in positive
effects on anthropometry, common morbidity
symptoms, and short term cognitive measures,
which is consistent with previous reviews on zinc
supplementation. Clinical signs of angular stomatitis
and goiter improved when vitamin B2 and iron, and
iodine were part of the MMN fortificants,
respectively. Sole iron fortification did not result in
improved cognition in Indian school-children, and is
not supportive of earlier findings that iron improves
cognitive domains. Sole iron fortification did not
show an effect on anthropometry or morbidity, and
is consistent with previous reviews. lodized salt
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showed consistent positive results on iodine status
in the Indian population, and is a marker of the
success of the universal salt iodization program.
Previous reviews suggest benefits of iodine
supplementation on anthropometry and cognition,
though no papers were identified in India on these
outcomes. Vitamin A fortification research is limited
on the Indian population.
Observed results show that food fortification is a
promising solution to improving health in India.
Existing programs, particularly those that target
children, are good avenues for implementation.

Authors Contribution

PL: Wrote manuscript, analyzed data extracted from
papers and summarized into diagrams/tables.
Retrieved citations, independently reviewed all
citations, extracted key information from studies,
sorted through discrepancies with  other
independent reviewer. RB: Critically reviewed and
approved manuscript. Wrote the introduction. HP:
Independently reviewed all citations, extracted key
information from studies, sorted through
discrepancies with other independent reviewer,
critically reviewed and approved manuscript, and
conceptualized study.

Acknowledgement

The authors would like to thank FFI, CDC and Emory
for support of this project; Barbara Abu-Zeid and
Ryan Nock for assisting in the literature search; Mary
Serdula and Heather Hamner for giving feedback on
the paper; Sarah Zimmerman for helping with edits;
Sharon Dorsey for providing logistical support;
Melissa Young, Karen Codling, Becky Tsang for
supplying relevant documents; Jonathan Barkley,
Katie Kendrick, Maya Rao, and Laila Luopa for aiding
in full text publication retrieval. Helena Pachén’s
time was supported by an appointment to the
Research Participation Program at the United States
(US) Centers for Disease Control and Prevention
(CDC) administered by the Oak Ridge Institute for
Science and Education through an interagency
agreement between the US Department of Energy
and CDC.

References

1.  March of Dimes Birth Defects Foundation. The Hidden Toll of Dying
and Disabled Children. Global Report on Birth Defects 2006.

2. Intercorp [intercorp.in]. New Delhi, India: Ultramix Vitamin AD
Premix for Vanaspati. Available at:
http://intercorp.in/%5CDOC%5CULTRAMIX.pdf. [Last accessed on
1/1/2014]



INDIAN JOURNAL OF COMMUNITY HEALTH / VOL 26 / SUPP 01 / NOV 2014

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

International Institute for Population Sciences (lIPS), Macro
International. National Family Health Survey (NFHS-3) 2005-2006.
India 2007; 1.

Centers for Disease Control and Prevention. International
Micronutrient Malnutrition Prevention and Control Program-
Micronutrient Facts. Available at:
http://www.cdc.gov/immpact/micronutrients/. [Last accessed on
2/26/2014]

Swaminathan S, Edward BS, Kurpad AV. Micronutrient deficiency
and cognitive and physical performance in Indian children. Eur J
Clin Nutr. 2013;67(5):467-74.

Babu US, Calvo MS. Modern India and the vitamin D dilemma:
evidence for the need of a national food fortification program. Mol
Nutr Food Res. 2010;54(8):1134-47.

World Health Organization, Food and Agricultural Organization of
the United Nations. Allen L, de Benoist B, Dary O, Hurrell R, editors.
Guidelines on food fortification with micronutrients. 2006. Geneva,
Switzerland; 2006.

World Health Organization [www.who.int]. Micronutrient
Deficiencies: lodine deficiency disorders; c2014. Available at:
http://www.who.int/nutrition/topics/idd/en/. [Last accessed on
1/1/2014]

Pacheco SS, Braga C, Souza Al, Figueiroa JN. Effects of folic acid
fortification on the prevalence of neural tube defects. Rev. Saude
Publica. 2009;43(4):565-71.

Ray JG, Meier C, Vermeulen MJ, Boss S, Wyatt PR, Cole DE.
Association of neural tube defects and folic acid food fortification
in Canada. Lancet. 2002;360(9350):2047-8.

Cortes F, Mellado C, Pardo RA, Villarroel LA, Hertrampf E. Wheat
flour fortification with folic acid: changes in neural tube defects
rates in Chile. Am J Med Genet A. 2012;158A(8):1885-90.

Barboza Arguello Mde L, Umana Solis LM. [Impact of the
fortification of food with folic acid on neural tube defects in Costa
Rica]. Rev Panam Salud Publica. 2011;30(1):1-6.

Abdollahi Z, ElImadfa |, Djazayery A, Golalipour MJ, Sadighi J, Salehi
F, Sadeghian Shariff S. Efficacy of flour fortification with folic acid
in women of childbearing age in Iran. Ann Nutr Metab. 2011;
58:188-96.

Amarin ZO, Obeidat AZ. Effect of folic acid fortification on the
incidence of neural tube defects. Paediatr Perinat Epidemiol.
2010;24(4):349-51.

Sanabria Rojas HA, Tarqui-Mamani CB, Pachas JA, Lam Figueroa
NM. Impacto de la fortificacion de la harina de trigo con acido
folico en los defectos del tubo neural, en Lima, Perd. Anales de la
Facultad de Medicina. 2013;74(3):175-80.

Safdar OY, Al-Dabbagh AA, Abuelieneen WA, Kari JA. Decline in the
incidence of neural tube defects after the national fortification of
flour (1997-2005). Saudi Med J. 2007;28(8):1227-9.

Sayed AR, Bourne D, Pattinson R, Nixon J, Henderson B. Decline in
the prevalence of neural tube defects following folic acid
fortification and its cost-benefit in South Africa. Birth DefectsRes A
Clin Mol Teratol. 2008;82(4):211-6.

Honein MA, Paulozzi LJ, Mathews TJ, Erickson JD, Wong LY. Impact
of folic acid fortification of the US food supply on the occurrence of
neural tube defects. JAMA. 2001;285(23):2981-6.

Gera T, Sachdev HS, Boy E. Effect of iron-fortified foods on
hematologic and biological outcomes: systematic review of
randomized controlled trials. Am J Clin Nutr. 2012;96(2):309-24.
Das JK, Salam RA, Kumar R, Bhutta ZA. Micronutrient fortification
of food and its impact on woman and child health: a systematic
review. Syst Rev. 2013;2(1):67.

Sridhar KK. Tackling Micronutrient Malnutrition: Two Case Studies
in India. Food fortification to end micronutrient malnutrition: state
of the art. Ottawa (Canada): Micronutrient Initiative; 32-36. Report
No: 113721

Flour Fortification Initiative [www.ffinetwork.org]. India; 2012.
Available at:
http://www.ffinetwork.org/regional_activity/india.php. [Last
accessed on 1/1/2014]

64

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

Food Fortification in India... | Liu P
Ministry of Women & Child Development [http://wcd.nic.in/].
Integrated Child Development Services (ICDS) Scheme. Available at:
http://wcd.nic.in/icds.htm. [Last accessed on 1/1/2014]
Mid Day Meal Scheme: Ministry of Human Resource Development.
Government of Ing; Available at: http://wcd.nic.in/icds.htm. [Last
accessed on 1/1/2014]
Planning Commission [http://planningcommission.nic.in]. Public
Distribution System; c2013 [updated 2014 Apr 09]. Available at:
http://planningcommission.nic.in/plans/planrel/fiveyr/10th/volu
me2/v2_ch3_4.pdf. [Last accessed on 1/1/2014]
PubMed. Bethesda (MD): National Center for Biotechnology
Information, U.S. National Library of Medicine. URL:
http://www.ncbi.nlm.nih.gov/pubmed/. [Last accessed on
7/17/2013]
EMBASE. Elsevier B.V. URL: http://www.embase.com/home. [Last
accessed on 7/17/2013]
BIOSIS Previews. New York (NY): Thomson Reuters Web of Science.
URL: http://thomsonreuters.com/biosis-previews/. [Last accessed
on 7/17/2013]
IndMED. New Delhi (India): National Databases of Indian Medical
Journals. URL: http://indmed.nic.in/indmed.html. [Last accessed
on 7/17/2013]
CABdirect. Oxfordshire: CABI. URL: http://www.cabdirect.org/.
[Last accessed on 7/17/2013]
Web of Science. New York (NY): Thomson Reuters. URL:
http://thomsonreuters.com/thomson-reuters-web-of-science/.
[Last accessed on 7/17/2013]
POPLINE. K4Health. URL: http://www.popline.org/. [Last accessed
on 7/17/2013]

Agricola. Dublin (OH): EBSCO. URL:
http://www.ebscohost.com/academic/agricola. [Last accessed on
7/17/2013]

CINAHL. Ipswich (MA). URL:
http://www.ebscohost.com/biomedical-libraries/the-cinahl-
database. [Last accessed on 7/17/2013]

Dissertation Abstracts. Ann Arbor (MI): ProQuest. URL:

http://search.proquest.com/index. [Last accessed on 7/17/2013]
Sivakumar B, Nair KM, Sreeramulu D, Suryanarayana P, Ravinder P,
Shatrugna V, et al. Effect of micronutrient supplement on health
and nutritional status of schoolchildren: biochemical status.
Nutrition (Burbank, Los Angeles County, Calif). 2006;22(1):515-25.
Anuradha G, Vijayaraghavan K, Vazir S, Balakrishna N, Shatrugna Vv,
Sarma KV, et al. Effect of micronutrient supplement on health and
nutritional status of schoolchildren: study design. Nutrition
(Burbank, Los Angeles County, Calif). 2006;22(1 Suppl):S1-7.
Kumari S, Mehra R, Bhargava U, Narang PL, Lall UB. Implications of
nutrition education versus food supplementation in pre-school
children. Indian Pediatr. 1985;22(3):221-4.

Vaz M, Pauline M, Unni US, Parikh P, Thomas T, Bharathi AV, et al.
Micronutrient supplementation improves physical performance
measures in Asian Indian school-age children. J Nutr.
2011;141(11):2017-23.

Ekbote VH, Khadilkar AV, Chiplonkar SA, Hanumante NM, Khadilkar
VV, Mughal MZ. A pilot randomized controlled trial of oral calcium
and vitamin D supplementation using fortified laddoos in
underprivileged Indian toddlers. Eur J Clin Nutr. 2011;65(4):440-6.
Varma JL, Soumita D, Rajan S, Mannar MGV, Levinson FJ, Hamer
DH. Community-level micronutrient fortification of a food
supplement in India: a controlled trial in preschool children aged
36-66 mo. Am J Clin Nutr. 2007;85(4):1127-33.

Osei AK, Rosenberg IH, Houser RF, Bulusu S, Mathews M, Hamer
DH. Community-level micronutrient fortification of school lunch
meals improved vitamin A, folate, and iron status of schoolchildren
in himalayan villages of India. J Nutr. 2010;140(6):1146-54.

Anand K, Lakshmy R, Janakarajan VN, Ritvik A, Misra P, Pandey RM,
et al. Effect of consumption of micronutrient fortified candies on
the iron and vitamin A status of children aged 3-6 years in rural
Haryana. Indian Pediatr. 2007;44(11):823-9.



INDIAN JOURNAL OF COMMUNITY HEALTH / VOL 26 / SUPP 01 / NOV 2014

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Goyle A. Effect of micronutrient fortified biscuit supplementation
on the weight, height and BMI of adolescent girls. Coll Antropol.
2012;36(2):573-9.

Anuradha G, Shyam P. Effect of supplementation of micronutrient
fortified biscuits on haemoglobin and serum iron levels of
adolescent girls from Jaipur city, India. Nutrition & Food Science.
2010;40(5):477-84.

Goyle A, Prakash S. Effect of supplementation of micronutrient
fortified biscuits on serum total proteins and vitamin A levels of
adolescent girls (10-16 years) of Jaipur city, India. Nepal Med Coll J.
2011;13(4):233-7.

Sazawal S, Dhingra U, Dhingra P, Hiremath G, Kumar J. Effects of
fortified milk on morbidity in young children in north India:
community based, randomised, double masked placebo controlled
trial. Br Med J. 2007;334(7585):140.

Thankachan P, Selvam S, Surendran D, Chellan S, Pauline M,
Abrams SA, et al. Efficacy of a multi micronutrient-fortified drink in
improving iron and micronutrient status among schoolchildren
with low iron stores in India: A randomised, double-masked
placebo-controlled trial. Eur J Clin Nutr. 2013;67(1):36-41.
Malavika V, Srinivasa R. Efficacy of fortification of school meals with
ferrous glycine phosphate and riboflavin against anemia and
angular stomatitis in  schoolchildren. Food Nutr Bull.
2009;30(3):260-4.

Goyle A, Prakash S. Efficacy of multi-micronutrient fortified biscuits
on urinary iodine levels of adolescent girls from Jaipur, India.
Malays J Nutr. 2011;17(2):143-50.

Nita B, Rajiv B, Brinda N, Poonam K, Rohde JE, Bhan MK. Food
supplementation with encouragement to feed it to infants from 4
to 12 months of age has a small impact on weight gain. J Nutr.
2001;131(7):1946-51.

Muthayya S, Eilander A, Transler C, Thomas T, van der Knaap HC,
Srinivasan K, et al. Effect of fortification with multiple
micronutrients and n-3 fatty acids on growth and cognitive
performance in Indian schoolchildren: the CHAMPION (Children's
Health and Mental Performance Influenced by Optimal Nutrition)
Study. Am J Clin Nutr. 2009;89(6):1766-75.

Vinodkumar M, Rajagopalan S. Impact of a multiple-micronutrient
food supplement on the nutritional status of schoolchildren. Food
Nutr Bull. 2006;27(3):203-10.

Jyothi LA, Begum K, Saraswathi G, Prakash J. Micronutrient
deficiencies and morbidity in Indian rural pre school children. J
Hum Ecol. 2006;19(2):143-50.

Sazawal S, Dhingra U, Dhingra P, Hiremath G, Sarkar A, Dutta A, et
al. Micronutrient Fortified Milk Improves Iron Status, Anemia and
Growth among Children 1-4 Years: A Double Masked, Randomized,
Controlled Trial. PloS one. 2010;5(8).

Sarma KV, Udaykumar P, Balakrishna N, Vijayaraghavan K,
Sivakumar B. Effect of micronutrient supplement on health and
nutritional status of schoolchildren: growth and morbidity.
Nutrition (Burbank, Los Angeles County, Calif). 2006; 22(1):58-14.
Vazir S, Nagalla B, Thangiah V, Kamasamudram V, Bhattiprolu S.
Effect of micronutrient supplement on health and nutritional status
of schoolchildren: mental function. Nutrition (Burbank, Los Angeles
County, Calif). 2006;22(1):526-32.

Shatrugna V, Balakrishna N, Krishnaswamy K. Effect of
micronutrient supplement on health and nutritional status of
schoolchildren: bone health and body composition. Nutrition
(Burbank, Los Angeles County, Calif). 2006;22(1):533-39.
Vinodkumar M, Rajagopalan S. Trial using multiple micronutrient
food supplement and its effect on cognition. Indian J Pediatr.
2008;75(7):671-8.

Brahmam GNV, Nair KM, Laxmaiah A, Reddy CG, Ranganathan S,
Rao MV, et al. Community trials with iron and iodine fortified salt
(Double fortified salt). Geertman RM, editor. 2000: 955-60.
Andersson M, Thankachan P, Muthayya S, Goud RB, Kurpad AV,
Hurrell RF, et al. Dual fortification of salt with iodine and iron: A
randomized, double-blind, controlled trial of micronized ferric
pyrophosphate and encapsulated ferrous fumarate in southern
India. Am J Clin Nutr. 2008;88(5):1378-87.

65

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Food Fortification in India... | Liu P
Vijayalakshmi P, Priya DP. Effect of supplementation of double
fortified salt on the iron and iodine status of selected children in
the age group of 10-14 years. Indian J Nutr Diet. 2003;40(11):392-
7.
Vinodkumar M, Erhardt JG, Rajagopalan S. Impact of a multiple-
micronutrient fortified salt on the nutritional status and memory of
schoolchildren. Int J Vitam Nutr Res. 2009;79(5-6):348-61.
Vinodkumar M, Rajagopalan S. Multiple micronutrient fortification
of salt. Eur J Clin Nutr. 2009;63(3):437-45.
Kumar MV, Rajagopalan S. Multiple micronutrient fortification of
salt and its effect on cognition in Chennai school children. Asia Pac
J Clin Nutr. 2007;16(3):505-11.
Umadevi P, Parvatham R. Prevalence of iodine and iron deficiencies
among selected school children and the effect of supplementation
of double fortified salt. Indian J Nutr Diet. 2006;43(10):420-8.
Amalrajan V, Thankachan P, Selvam S, Kurpad A. Effect of wheat
flour fortified with sodium iron EDTA on urinary zinc excretion in
school-aged children. Food Nutr Bull. 2012;33(3):177-9.
Moretti D, Zimmermann MB, Sumithra M, Prashanth T, Lee TC,
Kurpad AV, et al. Extruded rice fortified with micronized ground
ferric pyrophosphate reduces iron deficiency in Indian
schoolchildren: a double-blind randomized controlled trial. Am J
Clin Nutr. 2006;84(4):822-9.
Muthayya S, Thankachan P, Hirve S, Amalrajan V, Thomas T, Lubree
H, et al. Iron Fortification of Whole Wheat Flour Reduces Iron
Deficiency and Iron Deficiency Anemia and Increases Body Iron
Stores in Indian  School-Aged  Children1-4. J  Nutr.
2012;142(11):1997-2003.
Zimmermann MB, Sumithra M, Moretti D, Anura K, Hurrell RF. Iron
fortification reduces blood lead levels in children in Bangalore,
India. Pediatrics. 2006;117(6):2014-21.
Radhika MS, Nair KM, Kumar RH, Rao MV, Ravinder P, Reddy CG, et
al. Micronized ferric pyrophosphate supplied through extruded rice
kernels improves body iron stores in children: A double-blind,
randomized, placebo-controlled midday meal feeding trial in Indian
schoolchildren. Am J Clin Nutr. 2011;94(5):1202-10.
Thankachan P, Rah JH, Thomas T, Selvam S, Amalrajan V, Srinivasan
K, et al. Multiple micronutrient-fortified rice affects physical
performance and plasma vitamin B-12 and homocysteine
concentrations of Indian school children. J Nutr. 2012;142(5):846-
52.
Jain M, Bhat CM, Kaur AP. Effect of consumption of iron-fortified
salt on iron status in young girls. Hum Nutr Appl Nutr.
1987;41A(3):174-9.
Kapil U, Singh P, Dwivedi SN, Pathak P. Status of iodine nutriture
and universal salt iodisation at beneficiaries levels in Kerala State,
India. J Indian Med Assoc. 2006;104(4):165-7.
Working Group on Fortification of Salt with Iron. Use of common
salt fortified with iron in the control and prevention of anemia--a
collaborative study. Am J Clin Nutr. 1982;35(6):1442-51.
Kapil U, Shah AD, Bhasin SK, Singh C, Balamurugan A, Prakash S, et
al. lodine content of salt consumed and iodine status of school
children in Delhi. Indian Pediatr. 1996;33(7):585-7.
Jagirdar PB, Trivedi DJ. lodine prophylaxis programme in rural area
of Kolhapur district of Maharashtra. Indian J Med Sci.
2000;54(11):475-80.
Andersson M, Thankachan P, Muthayya S, Goud RB, Kurpad AV,
Hurrell RF, et al. Dual fortification of salt with iodine and iron: A
randomized, double-blind, controlled trial of micronized ferric
pyrophosphate and encapsulated ferrous fumarate in southern
India. Am J Clin Nutr. 2008;88(5):1378-87.
Kapil U, Singh P, Dwivedi SN, Pathak P. Profile of iodine content of
salt and urinary iodine excretion levels in selected districts of Tamil
Nadu. Indian J Pediatr. 2004;71(9):785-7.
Kapil U, Singh P, Dwivedi SN. Status of iodine deficiency amongst
school children in twenty four districts in southern India. Indian J
Physiol Pharmacol. 2005; 49(3):369-72.
Kapil U, Singh P, Dwivedi SN. Status of iodine deficiency amongst
school children in twenty four districts in southern India. Indian J
Physiol Pharmacol. 2005;49(3):369-72.



INDIAN JOURNAL OF COMMUNITY HEALTH / VOL 26 / SUPP 01 / NOV 2014
82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Jayakumar YA, Sivan YS, Arumughan C, Sundaresan A, Jayalekshmi
A, Kumar DRS, et al. Consumption profile of preschool children
supplemented with different dosages of red palm oil, retinol
palmitate and groundnut oil. Indian J Nutr Diet. 2001;38(11):384-
93.

Sivan YS, Jayakumar YA, Arumughan C, Sundaresan A, Jayalekshmy
A, Suja KP, et al. Impact of vitamin A supplementation through
different dosages of red palm oil and retinol palmitate on preschool
children. J Trop Pediatr. 2002;48(1):24-8.

Best C, Neufingerl N, Del Rosso JM, Transler C, van den Briel T,
Osendarp S. Can multi-micronutrient food fortification improve the
micronutrient status, growth, health, and cognition of
schoolchildren? A systematic review. Nutr Rev. 2011;69(4):186-
204.

Bhandari N, Bahl R, Taneja S. Effect of micronutrient
supplementation on linear growth of children. Br J Nutr. 2001;85
Suppl 2:5131-7.

Imdad A, Bhutta Z. Effect of Preventative zinc supplementation on
linear growth in children under 5 years of age in developing
countes: a meta-analysis of studies for input to the lives saved tool.
BMC Public Health. 2011; 85 Suppl 3: S22.

Bhutta ZA, Black RE, Brown KH, Gardner JM, Gore S, Hidayat A, et
al. Prevention of diarrhea and pneumonia by zinc supplementation
in children in developing countries: pooled analysis of randomized
controlled trials. Zinc Investigators' Collaborative Group. J Pediatr.
1999;135(6):689-97

Eilander A, Gera T, Sachdev HS, Transler C, van der Knaap HC, Kok
FJ, et al. Multiple micronutrient supplementation for improving
cognitive performance in children: systematic review of
randomized controlled trials. Am J Clin Nutr. 2010;91(1):115-30.
Khor GL, Misra S. Micronutrient interventions on cognitive
performance of children aged 5-15 years in developing countries.
Asia Pac J Clin Nutr. 2012;21(4):476-86.

Umamaheswari K, Bhaskaran M, Krishnamurthy G, Vasudevan H,
Vasudevan K. Effect of iron and zinc deficiency on short term
memory in children. Indian Pediatr. 2010. 48(4): 289-93.

Lukaski HC. Vitamin and mineral status: effects on physical
performance. Nutrition (Burbank, Los Angeles County, Calif).
2004;20(7-8):632-44.

Friedmann B, Weller E, Mairbaurl H, Bartsch P. Effects of iron
repletion on blood volume and performance capacity in young
athletes. Med Sci Sports Exerc.2001;33(5):741-6.

Casgrain A, Collings R, Harvey LJ, Hooper L, Fairweather-Tait SJ.
Effect of iron intake on iron status: a systematic review and meta-
analysis of randomized controlled trials. Am J Clin Nutr.
2012;96(4):768-80.

Tables

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

Food Fortification in India... | Liu P
Athe R, Vardhana Rao MV, Nair KM. Impact of iron-fortified foods
on Hb concentration in children (<10 years): a systematic review
and meta-analysis of randomized controlled trials. Public Health
Nutr. 2013:1-8.
Sachdev H, Gera T, Nestel P. Effect of iron supplementation on
physical growth in children: systematic review of randomised
controlled trials. Public Health Nutr. 2006;9(7):904-20.
Gera T, Sachdev HP. Effect of iron supplementation on incidence of
infectious illness in children: systematic review. BMJ.
2002;325(7373):1142.
Grantham-McGregor S, Ani C. A review of studies on the effect of
iron deficiency on cognitive development in children. J Nutr.
2001;131(2S-2):6495-66S; discussion 665-68S.
Haas JD, Brownlie TT. Iron deficiency and reduced work capacity: a
critical review of the research to determine a causal relationship. J
Nutr. 2001;131(25-2):6765-88S; discussion 88S-90S.
Mason JB, Deitchler M, Gilman A, Gillenwater K, Shuaib M,
Hotchkiss D, et al. lodine fortification is related to increased
weight-for-age and birthweight in children in Asia. Food Nutr Bull.
2002; 23(3):292-308.
Trumpff C, De Schepper J, Tafforeau J, Van Oyen H, Vanderfaeillie
J, Vandevijvere S. Mild iodine deficiency in pregnancy in Europe and
its consequences for cognitive and psychomotor development of
children: a review. J Trace Elem Med Biol. 2013;27(3):174-83.
Gupta P, Indrayan A. Effect of vitamin A supplementation on
childhood morbidity and mortality: critical review of Indian studies.
Indian Pediatr. 2002;39(12):1099-118.
Gopaldas T. Indi’s Control programs for iron deficiency anemia in
preschool children: past, present, and future. Opportunities for
Micronutrient Interventions (OMNI). 1995; 117-26.
Berry J, Mukherjee P, Shastry G. Taken with a grain of salt?
Micronutrient Fortification in South Asia. CESifo Economic Studies.
2012; 58(2): 422-449.
Dekkar L, Villamor E. Zinc supplementation in children is not
associated with decreases in hemoglobin concentrations. J Nutr;
2010; 140: 1035-1040.
Fairweather-Tait SJ, Wharf SG, Fox TE. Zinc absorption in infants fed
iron-fortified weaning food. Am J Clin Nutr. 1995;62(4):785-9.
Eichler K, Wieser S, Ruthemann |, Brugger U. Effects of
micronutrient fortified milk and cereal food for infants and
children: a systematic review. BMC Public Health. 2012;12:506.

TABLE 1 DATABASE SEARCH STRATEGY WITH DOCUMENTS FOUND JULY 17TH, 2013

PubMed [26]
EMBASE [27]
BIOSIS Previews [28]
IndMED [29]
CABabstracts [30]
Web of Science [31]
CINAHL [32]
POPLINE [33]
AGRICOLA [34]
Dissertation
Abstracts [35]

india fortif*

india fortif*

india fortif* filter by Asia

Database
PubMed [26]

Search Strategy

fortification OR fortify OR fortified
india fortif* subject_facet:"Homo"

india fortif* and search related words
(LOC.exact("INDIA") OR SU.exact("INDIA") OR SU.exact("INDIA 90340") OR 15
PER.exact("INDIA")) AND fortif*,

nutrition, public policy, public health, agriculture, gender, nursing, zinc subjects

(("Food, Fortified"[Mesh] OR fortif*) AND india) AND Humans[Mesh]
'india'/exp AND fortif* AND [humans]/lim

india AND fortif* and search related texts, within full text

(("Food, Fortified"[Mesh] OR fortif*) AND india) AND Humans[Mesh]

289
103
152
38
183
159
47
50

Documents
289

66



INDIAN JOURNAL OF COMMUNITY HEALTH / VOL 26 / SUPP 01 / NOV 2014 Food Fortification in India... | Liu P

EMBASE [27] 'india'/exp AND fortif* AND [humans]/lim 103
BIOSIS Previews [28] india fortif* 152
IndMED [29] fortification OR fortify OR fortified 38
CABabstracts [30] india fortif* subject_facet:"Homo" 183
Web of Science [31] india fortif* 159
CINAHL [32] india AND fortif* and search related texts, within full text a7
POPLINE [33] india fortif* filter by Asia 50
AGRICOLA [34] india fortif* and search related words 8
Dissertation (LOC.exact("INDIA") OR SU.exact("INDIA") OR SU.exact("INDIA 90340") OR 15
Abstracts [35] PER.exact("INDIA")) AND fortif*, nutrition, public policy, public health,

agriculture, gender, nursing, zinc subjects

TABLE 2: SUMMARY OF FORTIFICATION PAPER RESULTS ON DIFFERENT OUTCOMES

Micronutri  Food Author Year Biologica  Anthropometr  Clinic  Morbidity Cognition Dietary Physical
ent Vehicle State | % Ell Intake Performa
(Program) Markers nce
MMN ; Vit = Other 6-12 Vaz M. viron, O height, X X X O energy, v'WB
(A, B1, B2, (choco- 4 2011 [39] vit (B1, weight fat, enduranc
B3,B5,B6, malt Karnataka B2, B3, protein, e, aerobic
B7, B9, beverage B6, B9, carbohydra = capacity,
B12, C, D), powder) B12, C) tes step test
Ca, Cu, Fe, O visual
1,Mg, Zn reaction
time, 40-
m sprint,
handgrip
strength,
static
forearm
enduranc
e
MMN; Vit Other 0-5 Ekbote VH v'serum | v TBLH BMC X X X O Ca, P, X
D, Ca (laddoo) 12 2011 [40] iPTH O height Ca:P
Pune (@]
250HD
MMN; Other 0-5 Varma JL v'SF, ? X X X X X
Vit (A, B9), | (khichdi) 6 2007 [41] anemia,
Fe West Bengal ID, IDA
(IcDs) O Hb,
serum
retinol,
%low vit
A
MMN; Vit Other 6-12 Osei AK vserum | ? X O%(diarrh X X X
(A, B1, B2, (dhal) 8 2010 [42] (retinol, ea, fever,
B3, B6, B9, Uttarakhand folate, cough,
B12,C, D, ferritin), runny
E), Cu, Fe, %low nose,
I, Zn (serum vomiting)
folate,
vit B12),
anemia,
vit B12,
total
body
iron
O %low
serum
(retinol,
zinc,

67



INDIAN JOURNAL OF COMMUNITY HEALTH / VOL 26 / SUPP 01 / NOV 2014

Food Fortification in India... | Liu P

MMN; Vit
(A, B9, C),
Fe

MMN; Vit
(A, B9, C)
Fe, |

MMN; Vit
(A, B1, B2,
B3, B6, B9,
C, D), Ca,
Fe,l, Zn

MMN; Vit
(A, B9, C)
Fe, |
MMN; Vit
(A, B9, C)
Fe, |

MMN; Vit
(A, CE),
Cu, Fe, Se,
Zn

MMN; Vit
(A, B2, B9,
B12,C),Fe,
Zn

MMN; Vit
B2, Fe

Other
(hard
candy)

Other
(biscuits)

Other
(beverage
reconstitu
ted in
milk)

Other
(biscuits)

Other
(biscuits)

Other
(milk
powder)

Other
(beverage

)

Other
(school
noon
meal)

6-12
14

0-5
12

6-12
12

6-12
6

Anand K
2007 [43]
Haryana
(ICDS)

Goyle A
2012 [44]
Rajasthan

Sivakumar B
2006 [37]
Andhra
Pradesh

Anuradha G
2010 [45]
Rajasthan
Goyle A
2011 [46]
Rajasthan

Sazawal S
2007 [47]
National
Capital
Territory of
India

Thankachan
P

2013 [48]
Karnataka

Malavika V
2009 [49]
Tamil Nadu

ferritin),
IDA

v'Hb, SF X
O

serum

(retinol
binding
protein,
retinol)

X O weight,
height, BMI

v'plasm X
a

(ferritin,

PTH,

TSH),

RBC

folate,

vit (A,

B2, C, D)

O Hb,

vit (B6,

B12), Ca,

P

v'Hb, X
serum

iron

Vit A X
O

serum

protein

X X

v'Hb,SF, ?
vit (A,

B12, C),
folate,

BIS,

STR,

ZnPP, ID,
IDA,

%low vit

(C, B12)

O

serum

zinc,

anemia

v'Hb, X
anemia

X

v'ang
ular
stom
atitis

v'diarrhea
, ALRI,
high
respiratio
n rate,
severe
illness,
high fever,
measles,
antibiotic
doses
consumed
O
dysentery,
severe
respirator
y illness

?

X

X X
X X
X X
X X
X X
X X
X X
X X

68



INDIAN JOURNAL OF COMMUNITY HEALTH / VOL 26 / SUPP 01 / NOV 2014

Food Fortification in India

.. | LiuP

MMN; Vit
(A, B9, C)
Fe, |
MMN; Vit
(A, B1, B2,
B3, B5, B6,
B7, B9,
B12,C, D,
E, K), Ca,
Cu, Fe, |,
Mn, P, Se,
Zn

MMN; Vit
(A, B2, B6,
B9, B12,
Q),Ca,l,
Fe, Zn

MMN; Vit
(A, B2, B3,
B5, B6, B9,
B12, C, E),
Ca, Fe

MMN; Vit
A, Ca, Fe

MMN; Vit
(A C,
E),Cu, Fe,
Se, Zn

MMN; Vit
(A, B1, B2,
B3, B6, B9,
B12, C, D),
Ca, Fe, |,
Zn

Other 213
(biscuits) 4
Other 0-5
(milk 12
powder

and

cooked

cereal

food)

Other 6-12
(biscuit 12
and milk

powder)

Other 6-12
(school 9
meal)

Other 0-5
(biscuits) 6
Other 0-5
(milk 12
powder)

Other 6-12
(beverage @ 14
reconstitu

ted in

milk)

Goyle A VUl

2011 [50]

Rajasthan

Nita B X

2001 [51]

National

Capital

Territory of

India

Muthayya S v'Hb,

2009 [52] ferritin,

Karnataka BIS, vit
(B9,
B12),
anemia,
ID, %low
vit B12

Vinodkumar v'Hb,

M serum

2006 [53] vit (A,

Tamil Nadu B12), vit
B9
(@]
serum
vit E

Jyothi LA ?

2006 [54]

Karnataka

Sazawal S v'Hb,

2010 [55] Hct, SF,

National ZnPP,

Capital RCDW,

Territory of sTfR, ID,

India mean
BIS, TIBC
(@]
plasma
zinc

Sarma KV X

[56]

2006

Andhra

Pradesh

X X
v'weight X
change

O WHz,

weight,

height, height
change, %low
height

vlinear X
growth

O MUAC,
%(stunting,
underweight)

v'height ?

O weight angul
ar
stom
atitis

X ?

v'weight X

velocity,

height

velocity, WHZ,

WAZ, HAZ

v height, O

height bitot’

velocity, BMI S

O weight, spots

HAZ, WAZ, ,

weight angul

velocity, HAZ ar

velocity, WAZ stom

velocity atitis,
cheli
osis,
glossi
tis,
bleed
ing
gums
tooth
caries
mottl
ed
enam
el,
goite
ril,
goite
r2

X X X X
O X X X
diarrhea,
ALRI
—fever,
dysentery
X v fluid X X
reasoning
O short
term
memory
X X X X
? X X X
X X X X
Y'duration = X X X
of sickness
O
episodes
of
morbidity
(fever,
cough and
cold,
diarrhea,
ear
infection)

69



INDIAN JOURNAL OF COMMUNITY HEALTH / VOL 26 / SUPP 01 / NOV 2014

Food Fortification in India

... | LiuP

MMN; Vit
(A, B1, B2,
B3, B6, B9,
B12, C, D),
Ca, Fe, |,
Zn

MMN; Vits
(A, B1, B2,
B3, B6, B9,
B12, C, D),
Ca, Fe, |,
Zn

MMN; Vit
(A, B2, B3,
B5, B6, B9,
B12, C, E),
Ca, Fe

MMN; Fe,

MMN; Fe,

MMN; Fe,

MMN; Vit
(A, B1, B2,
B3, B6, B9,

Other
(beverage
reconstitu
ted in
milk)

Other
(beverage
reconstitu
ted in
milk)

Other
(school
lunch
meal)

Oil/salt
(salt)

Oil/Salt
(salt)

Oil/Salt
(salt)

Oil/Salt
(salt)

6-12
14

6-12
14

6-12
12

6-12
24

6-12
10

6-12

6-12
9

Vazir S
2006 [57]
Andhra
Pradesh

Shatrugna V
2006 [58]
Andhra
Pradesh

Vinodkumar
M

2008 [59]
Tamil Nadu

Brahmam
GNV

2000 [60]
Andhra
Pradesh
Andersson M
2008 [61]
Karnataka

Vijayalakshm
iP

2003 [62]
Tamil Nadu
Vinodkumar
M

2009 [63]
Tamil Nadu

X

v'Hb,
Hct, RBC

v'media
nUl, T4

v'SF,
body
iron,
sTR,
ZnPP, Hb
-median
Ul
v'PCV,
RBC

v'Hb,
serum
(vit A, vit
B12,

X

v'height,
weight, FFM,
% fat, WB-
BMC, WB-
bone area,
BMD at neck
of the femur
O neck (BMC,
area), hip
(area BMC,
BMD), spine
(BMC, area,
BMD), WB-
BMD

X

v'%
goite

v'ang
ular
stom
atitis

O X
incremen

tin

memory
scores,

school

marks, 1Q,
verbal
quotient,
performa

nce

quotient,

letter

cancellati

on

X X

v'BVRT, X
CRT,
Mann-
Suiter
picture
recall,
delayed
response
learning,
digit
forward,
letter
cancellati
on

O
personal
informati
on, digit
backward
,CPM

X X

X O iron

v'memor X
y tests

X

70



INDIAN JOURNAL OF COMMUNITY HEALTH / VOL 26 / SUPP 01 / NOV 2014

Food Fortification in India... | Liu P

B12), Fe, I,
Zn

MMN; Vit
(A, B1, B2,
B3, B5, B6,
B9, B12),
Fe, |

MMN; Vit
(A, B1, B2,
B3, BS, B6,

B9, B12),
Fe, |

MMN; Fe,
I

Iron

Iron

Iron

Oil/Salt
(salt)

Oil/salt
(salt)

Oil/salt
(salt)

Cereals
(wheat
flour)

Cereals
(rice)

Cereals
(whole
wheat
flour)

6-12
12

6-12

6-12
4

6-12

6-12

6-12
7

Vinodkumar
M

2009 [64]
Tamil Nadu

Kumar MV
2007 [65]
Tamil Nadu

Umadevi P
2006 [66]
Tamil Nadu

Amalrajan V
2012 [67]
Karnataka

Moretti D
2006 [68]
Karnataka

Muthayya S
2012 [69]
Karnataka,
Maharashtra

zinc,

folic

acid),

ferritin,

BIS,

sTR,

anemia,

IDA

O CRP,

AGP

v'Hb, v'weight,
Hct, weight change
RBC, UI

O

serum

Vit A

v'Hb, X
Hct,

RBC, UI

(@]

serum

Vit A

vserum X
(iodine,
phospho

rus,

iron) UI,
urinary
(creatini

ne,

calcium,
phospho

rus) Hb,
%transfe

rrin

saturatio

n, TIBC

O

serum
calcium
v'Hb,SF, X
sTfR

(@]

median
urinary

zinc,

ZnPP,

CRP

v'SF, ?
BIS, sTfR

vanemi = O weight,
a, ID, height
IDA, Hb,

SF, TR,

? X X X X
angul
ar
stom
atitis
vang X v'BVRT, X X
ular CRT,
stom Mann-
atitis Suiter
picture
recall,
delayed
response
learning,
letter
cancellati
on
O
personal
informati
on, digit
(backwar
d,
forward),
CPM
X X X X X
X X X X X
X O X X X
infectious
disease
X X @] X X
cognitive
performa
nce

71



INDIAN JOURNAL OF COMMUNITY HEALTH / VOL 26 / SUPP 01 / NOV 2014

Food Fortification in India... | Liu P

Iron Cereals
(rice)
Iron Cereals
(rice)
Iron Cereals
(rice)
Iron Oil/Salt
(salt)
Iron Qil/salt
(salt)
Iron Qil/salt
(salt)
lodine Oil/Salt
(salt)

6-12

6-12

6-12

213

6-12
12

213
12

6-12

Zimmerman
MB

2006 [70]
Karnataka

Radhika MS
2011 [71]
Andhra
Pradesh
(MDM)

Thankachan
P

2012 [72]
Karnataka

JainM
1987 [73]
Haryana

Kapil U
2006 [74]
Andhra
Pradesh
149
Working
Group on
Fortification
of Salt with
Iron

1982 [75]
Andhra
Pradesh,
National
Capital
Territory of
India, Tamil
Nadu, West
Bengal
Kapil U
1996 [76]
National
Capital

ZnPP,
BIS

O CRP
v'SF,
ZnPP, ID,
median
blood
lead

O sTfR
v'ferritin
,ID

O CRP,
Hb,
anemia,
IDA
v'Hb, vit
B12,
plasma
homocys
teine, %
low zinc,
ZnPP,
anemia,
whole
blood
thiamine
O SF,
STfR,
serum
(retinol,
zinc), ID,
IDA, %
low vit A
v'Hb,
PCV,
MCH
concentr
ation,
serum
iron,
TIBC

O RBC
count,
Mcv,
MCH
content
v'Hb,
anemia

v'Hb
?
anemia

v'ul

X X X
O height, X X
weight,

%underweight
, %stunting,

%wasted

O height, X O

weight common
morbidity
symptoms

X X X

X X X

X X X

X X X

X X
X X
X ?

viron X
X X
X X
X X

72



INDIAN JOURNAL OF COMMUNITY HEALTH / VOL 26 / SUPP 01 / NOV 2014

Food Fortification in India... | Liu P

lodine

lodine

lodine

lodine

lodine

VitA

VitA

Other

Oil/Salt
(salt)

Oil/Salt
(salt)

Oil/Salt
(salt)

Oil/Salt
(salt)

Oil/salt
(salt)

Oil/salt
(ground
nut oil)

Oil/salt
(ground
nut oil)
Other

(bread)

6-1

2

180

6-1

2

144

>

60

>

13

13

180

Territory of
India (USI)

Jagirdar PB ?
2000 [77]
Maharashtra

(UsI)

Sooch SS X
1973 [78]

Punjab (USI)

Kapil U vul
2004 [79]

Tamil Nadu

(UsI)

Kapil U vul
2005 [80]

Andhra

Pradesh,
Karnataka,
Pondicherry,

Tamil Nadu

(Usl)

Kapil U VUl
2006 [81]

Kerala (USI)
Jayakumar X
YA

2001 [82]

Tamil Nadu
SivanYS [83] @ ?
2002

Tamil Nadu
Kumari S X
1985 [38]

National

Capital

Territory of

India

-PEM grade |

v'goit
er

v'bit
ot’s
spots
X

?

X

X X
X X
X X
X X
X X
X X
X X
X X

73



INDIAN JOURNAL OF COMMUNITY HEALTH / VOL 26 / SUPP 01 / NOV 2014

Figures

Food Fortification in India... | Liu P

FIGURE 1 PAPER SELECTION PROCESS

(*reviewers discussed discrepancies together; ~, article not in English language (n=1), couldn’t find full text (n=10))
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