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INTRODUCTION

This document describes a systematic review conducted to answer the following question:
What is the relationship between timing of introduction of complementary foods and
beverages and micronutrient status? This systematic review was conducted as part of the
Pregnancy and Birth to 24 Months (P/B-24) Project by USDA’s Nutrition Evidence
Systematic Review (NESR).

The purpose of the P/B-24 Project was to conduct a series of systematic reviews on diet
and health for women who are pregnant and for infants and toddlers from birth to 24
months of age. This project was a joint initiative led by USDA and HHS, and USDA’s
NESR carried out all of the systematic reviews. A Federal Expert Group (FEG), a broadly
representative group of Federal researchers and program leaders, also provided input
throughout the P/B-24 Project. More information about the P/B-24 Project has been
published and is available on the NESR website: https://nesr.usda.gov/project-specific-
overview-pb-24-0.

NESR, formerly known as the Nutrition Evidence Library (NEL), specializes in conducting
food- and nutrition-related systematic reviews using a rigorous, protocol-driven
methodology. To conduct each P/B-24 systematic review, NESR’s staff worked with a
Technical Expert Collaborative (TEC), which is a group of 7—8 leading subject matter
experts.

NESR'’s systematic review methodology involves developing and prioritizing systematic
review questions, searching for and selecting studies, extracting and assessing the risk of
bias of data from each included study, synthesizing the evidence, developing a conclusion
statement, grading the evidence underlying the conclusion statement, and recommending
future research. A detailed description of the methodology used in conducting systematic
reviews for the P/B-24 Project has been published’ and is available on the NESR website:
https://nesr.usda.gov/pb-24-project-methodology-0. In addition, starting on page 21, this
document includes details about the methodology as it was applied to the systematic
review described herein. An analytic framework that illustrates the overall scope of the
question, including the population, the interventions and/or exposures, comparators, and
outcomes of interest, is found on page 21. In addition, the literature search plan that was
used to identify studies included in this systematic review is found on page 21.

i Stoody EE, Spahn JM, Casavale KO. The Pregnancy and Birth to 24 Months Project: a series of systematic
reviews on diet and health. Am J Clin Nutr. 2019;109(7):685S-97S. doi: 10.1093/ajcn/nqy372.

i Obbagy JE, Spahn JM, Wong YP, Psota TL, Spill MK, Dreibelbis C, et al. Systematic review methodology
used in the Pregnancy and Birth to 24 Months Project. Am J Clin Nutr. 2019;109(7):698S-704S. doi:
10.1093/ajcn/nqy226.
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Full name
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WHAT IS THE RELATIONSHIP BETWEEN TIMING OF INTRODUCTION
OF COMPLEMENTARY FOODS/BEVERAGES AND MICRONUTRIENT
STATUS?

-
PLAIN LANGUAGE SUMMARY

What is the question?

e The question is: What is the relationship between timing of introduction of
complementary foods and beverages and micronutrient status?

What is the answer to the question?

e Moderate evidence suggests that introducing complementary foods and
beverages at 4 months of age compared to 6 months of age offers no long term
advantages or disadvantages in terms of iron status among healthy, full-term
infants who are breastfed, fed iron fortified formula, or both.

e There is not enough evidence to determine the relationship between timing of
introduction of complementary foods and beverages and zinc, vitamin D,
vitamin B12, folate, or fatty acid status.

Why was this question asked?

e This important public health question was identified and prioritized as part of the
U.S. Department of Agriculture and Department of Health and Human Services
Pregnancy and Birth to 24 Months Project.

How was this question answered?

e A team of Nutrition Evidence Systematic Review staff conducted a systematic
review in collaboration with a group of experts called a Technical Expert
Collaborative

What is the population of interest?

e Generally healthy infants and toddlers who were fed complementary foods and
beverages from ages 0-24 months and had micronutrient status examined
through 24 months of age

What evidence was found?

e This review includes 9 studies.

e These studies compared the age when complementary foods and beverages
were first introduced and micronutrient status.

e Complementary foods and beverages are foods and beverages other than
human milk or infant formula provided to an infant or young child.

e Most studies found no relationship the age when complementary feeding
started and micronutrient status.

e Studies need to consider other factors that could impact this relationship.

How up-to-date is this review?

e This review includes literature from 1/1980 to 3/2016.

10



Technical abstract
Background

Complementary feeding is the process that starts when human milk or infant
formula is complemented by other foods and beverages, beginning during
infancy and typically continuing to 24 months of age.

This systematic review was conducted by the Nutrition Evidence Systematic
Review team as part of the U.S. Department of Agriculture and Department of
Health and Human Services Pregnancy and Birth to 24 Months Project.

The goal of this systematic review was to answer the following research
question: What is the relationship between timing of introduction of
complementary foods and beverages and micronutrient status?

Conclusion Statement and Grades

Moderate evidence suggests that introducing complementary foods and
beverages at 4 months of age compared to 6 months of age offers no long term
advantages or disadvantages in terms of iron status among healthy, full-term
infants who are breastfed, fed iron fortified formula, or both. (Grade: Moderate —
Iron Status)

There is not enough evidence to determine the relationship between timing of
introduction of complementary foods and beverages and zinc, vitamin D,
vitamin B12, folate, or fatty acid status. (Grade: Grade Not Assignable - Zinc,
Vitamin D, Vitamin B12, Folate, and Fatty Acid Status)

Methods

The systematic review was conducted by a team of staff from the Nutrition
Evidence Systematic Review in collaboration with a Technical Expert
Collaborative.

A literature search was conducted using 4 databases (CINAHL, Cochrane,
Embase, and PubMed) to identify articles published from January 1980 to
March 2016 that examined the age when complementary foods and beverages
(CFB) were first introduced and micronutrient status. CFB were defined as
foods and beverages other than human milk or infant formula provided to an
infant or young child. Micronutrient status outcomes included iron, zinc, vitamin
B12, folate, vitamin D, and/or folate status. A manual search was done to
identify articles that may not have been included in the electronic databases
searched. Articles were screened in a dual manner, independently by 2 NESR
analysts, to determine which articles met predetermined criteria for inclusion.
Data from each included article were extracted, risks of bias were assessed,
and both were checked for accuracy. The body of evidence was qualitatively
synthesized, a conclusion statement was developed, and the strength of the
evidence (grade) was assessed using pre-established criteria including
evaluation of the internal validity/risk of bias, adequacy, consistency, impact,
and generalizability of available evidence.

Summary of Evidence

Nine studies published from 1/1980 to 3/2016 met the inclusion criteria for this
systematic review, with most studies examining the relationship between timing
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of introduction of CFB and iron status. Few studies examined zinc, vitamin D,
vitamin B12, folate, and/or fatty acid status.

The majority of studies reported no significant associations between timing of
CFB introduction and micronutrient status.

Additional factors that need to be considered in examining the relationship
between the age at which CFB are introduced and micronutrient status include:
birth weight, post-natal growth, type of feeding (breast, formula, or mixed
feedings), iron stores at birth, and intake and absorption of iron from sources
other than human milk, including types and amounts of CFB being consumed.

12



FULL REVIEW

Systematic review question

What is the relationship between timing of introduction of complementary foods and
beverages and micronutrient status?

Conclusion statement

Moderate evidence suggests that introducing complementary foods and beverages at
4 months of age compared to 6 months of age offers no long term advantages or
disadvantages in terms of iron status among healthy, full-term infants who are
breastfed, fed iron fortified formula, or both.

There is not enough evidence to determine the relationship between timing of
introduction of complementary foods and beverages and zinc, vitamin D, vitamin B12,
folate, or fatty acid status.

Grade

Moderate: Iron Status; Grade Not Assignable: Zinc, Vitamin D, Vitamin B12, Folate,
and Fatty Acid Status

Summary

e Complementary foods and beverages (CFB) were defined as foods and/or
beverages other than human milk or infant formula (liquids, semisolids, and
solids) provided to an infant or young child to provide nutrients and energy. This
systematic review includes studies that compared different ages at which
complementary foods were introduced.

e Micronutrient status outcomes included iron, zinc, vitamin D, vitamin B12, folate,
and/or fatty acid status from birth to 24 months of age.

¢ Nine studies published from 1/1980 to 3/2016 met the inclusion criteria for this
systematic review, with most studies examining the relationship between timing
of introduction of CFB and iron status. Few studies examined zinc, vitamin D,
vitamin B12, folate, and/or fatty acid status.

e The majority of studies reported no significant associations between timing of
CFB introduction and micronutrient status.

e Additional factors that need to be considered in examining the relationship
between the age at which CFB are introduced and micronutrient status include:
birth weight, post-natal growth, type of feeding (breast, formula, or mixed
feedings), iron stores at birth, and intake and absorption of iron from sources
other than human milk, including types and amounts of CFB being consumed.

Description of the evidence

Nine articles were included in the systematic review that examined the relationship
between the timing of first introduction of CFB and micronutrient status from birth to
24mo of age. Most of the studies examined the relationship between timing of
introduction of CFB and iron status [1-7], with 2 studies assessing the relationship with
zinc [3, 4], and 1 study each examining folate [8], vitamin B12 [8], and vitamin D status
[9]. There were no studies identified that assessed fatty acid status in relation to the
timing of CFB introduction (Table 1).

13



The studies included subjects who were healthy, with many excluding subjects with
illnesses or conditions that could impact complementary feeding or nutritional status. In
addition, the studies included subjects who had a normal birthweight (=2500g) and/or
were born at full term (>37 weeks (wk)), though a few did not describe the birth weight
or gestational age of subjects [1, 4, 6]. Per the inclusion criteria, the studies were
conducted in countries that were ranked as very high or high on the Human
Development Index [10]. Two studies specified that the sample was majority white [3,
9], and 1 included a population that consisted of 50% white and 50% Asian children
[5]. The other studies did not specify the racial/ethnic background of subjects; but they
were conducted in representative populations from the countries in which they were
conducted (i.e., China, Greece, Iceland, Iran, the UK, and Norway).

Timing of CFB Introduction and Iron Status

Seven studies examined the relationship between timing of introduction of CFB and
iron status, including 3 RCTs [2-4], 1 prospective cohort study [7], 1 nested case-
control study [5], and 2 case-control studies [1, 6] (Table 1).

All 3 RCTs examined the effects of introducing CFB at different ages on iron status.
Jonsdottir et al. [2] randomized exclusively BF infants to start receiving CFB at either
4mo or 6mo of age. Kattelmann et al. [3] randomized FF infants to receive CFB
beginning at either 3-4mo or 6mo of age. Details regarding the infant formula
consumed, and whether it was fortified with iron or zinc, were not provided, as subjects
consumed commercial infant formulas of the parents’ choice. However, based on the
time during which the study was conducted in the US, it can be assumed that those
formulas were supplemented with iron (~10-12 mg/L, though “low iron” formulas (1.1-
1.5 mg/L) [11] were also available). Lonnerdal et al. [4] randomized FF infants to
receive CFB at 4mo, or to continue exclusive FF until 7mo. The formula consumed by
infants contained 7mg/L iron and 7mg/L zinc; the micronutrient content of the cereal
provided to infants at 4mo was not described. Jonsdottir et al. [2] and Kattelmann et al.
[3] did not provide CFB to subjects, nor were subjects provided with specific
instructions as to the types of CFB to introduce; so CFB were either commercial or
home-prepared foods selected by the parents. Jonsdottir et al. [2] reported that among
infants who received CFB, mean daily intake of iron was only 0.6 mg, with the main
dietary sources of iron being infant cereals (67%), infant formula (17%), and fruit
purées (8%). In addition, they reported that iron intake did not correlate with any iron
status indices at 6mo, nor did total food or formula intake. Kattelmann et al. [3]
reported that while the infants who received CFB earlier had significantly greater iron
intake at 4, 5, and 6mo, mean iron intakes in both groups were reportedly adequate,
and there were no differences in mean iron intake between groups after 6mo of age.
Further, Kattelmann et al. [3] also reported that there were no differences between the
groups in meat intake (red meat, poultry, or seafood) at 12mo or 24mo of age.

The observational studies defined the timing of introduction of CFB in different ways,
and included subjects with varied infant milk feeding practices (i.e., whether they were
primary fed breast milk, infant formula, and/or cow’s milk at the time when
complementary feeding began). Ghorashi et al. [1] and Morton et al. [5] both analyzed
age of introduction to CFB as a continuous variable, which represented the mean, in
months, when solid food was first introduced. Subjects in Ghorashi et al. [1] were
majority BF (65%), though 11% were FF, and 25% received a mixture of breast milk,
infant formula, and cow’s milk, and there were no differences in milk feeding practices
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between cases of iron deficiency and controls. Approximately 25% of subjects in
Morton et al. [5] were BF, and a significantly greater percentage of iron deficient
compared to iron sufficient infants were fed full cow’s milk before 6mo of age (44% vs.
7%). Thorsdottir et al. [7] examined the duration of exclusive breastfeeding as a
continuous variable, which was based on monthly assessments of whether infants
were exclusively BF or had been introduced to other types of liquids or solids besides
breast milk. While this definition could include infant formula, the authors noted that in
Iceland, where the study was conducted, it is commonly recommended that infants
weaned from breast milk should receive cow’s milk after the age of 6mo. Tympa-
Psirropoulou et al. [6] looked at age of introduction to CFB and age of introduction to
meat. While age of CFB introduction was not defined, age of meat introduction was
examined categorically, comparing introduction at 5, 6, and 7mo of age. Iron deficient
cases in this study had shorter duration of breastfeeding, and were more likely to be
fed fresh cow’s milk vs. fortified cow’s milk, after BF or infant formula were
discontinued, compared to iron sufficient control subjects.

Several different markers of iron status were assessed at a variety of ages from 4mo
through 24mo in the studies included in this systematic review, including hemoglobin
(Hb), serum ferritin (SF), mean corpuscular volume (MCV), hematocrit (Hct), red cell
distribution width (RDW), total iron binding capacity (TIBC), transferrin receptor (TfR),
and zinc-protoporphyrin (ZPP). Reference values for markers of iron status in infants
and toddlers up to 24mo of age are not well developed, and suggestions have been
made to reevaluate the criteria for evaluating iron status in young children [12]. A
discussion of results for each marker reported in the studies in this systematic review
is found below.

Results for Hemoglobin (Hb), Iron Deficiency (ID), Iron Deficiency Anemia (IDA),
and Anemia

All 7 studies that examined iron status assessed Hb as a marker of ID in relation to the
timing of CFB introduction, though few significant findings were reported. The studies
varied in terms of the age at which Hb was measured and how ID, IDA, and anemia
were defined, as well as in regards to the populations examined.

None of the RCTs including BF and FF infants in this systematic review reported any
significant differences in mean Hb between infants introduced to CFB at 4mo vs. 6 or
7mo [2-4]. In addition, Kattelmann et al. [3] found no significant differences in the
proportion with low Hb (<100g/L), and Jonsdottir et al. [2] found no significant
differences in the proportion of infants with IDA (defined as Hb<105g/L, MCV<74f, and
SF<12ug/L) or ID (defined as MCV<74fl and SF<12ug/L).

None of the observational studies of BF, FF and mixed-fed infants reported significant
associations between age of CFB introduction and Hb. Ghorashi et al. [1] found no
significant differences in age of CFB introduction between cases with IDA
(Hb<10.5g/dl) and controls, nor did Morton et al. [5] between IDA cases (Hb<11g/dI
and SF<10ug/L) and iron sufficient controls, or Tympa-Psirropoulou et al. [6] between
IDA cases (Hb<11g/dl, SF<10ug/l, and other low red-cell indices) and controls.
Thorsdottir et al. [7] found no significant associations between duration of exclusive BF
and Hb at 12mo or prevalence of IDA (defined as Hb<105g/l, SF<12ug/l, and
MCV<74fl). However, Tympa-Psirropoulou et al. [6] did find that a significantly higher
percentage of controls were introduced to meat earlier (at 5mo and 6mo), and a
significantly higher percentage of IDA cases were introduced to meat later (at 7mo).
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Results for Serum Ferritin (SF)

Three studies examined SF in relation to the timing of CFB introduction, including 2 of
the RCTs and 1 prospective cohort study. Jonsdottir et al. [2] reported that exclusively
breastfed infants introduced to CFB at 4mo had significantly higher median serum
ferritin at 6mo compared to those who were still exclusively BF at 6 mo. There were no
significant differences between groups in the proportion of infants with SF<12ug/L.
Kattelmann et al. [3] found no significant differences in mean SF at 12 or 24mo of age
between FF infants introduced to CFB at 4mo vs. 6mo, or in the proportion with low SF
(<12ug/L). Thorsdottir et al. [7] found that longer duration of exclusive BF (i.e., later
introduction of CFB) was associated with significantly higher SF at 12mo.

Results for Other Measures of Iron Status

A number of other measures or indicators of iron status were also examined. Three
studies, including 2 RCTs and 1 cohort study, assessed MCYV in relation to the timing
of CFB introduction, all reporting no significant associations. Jonsdottir et al. [2] found
no significant differences in MCV at 6mo, and Kattelmann et al. [3] found no significant
differences in MCV at 12 or 24mo of age between infants introduced to CFB at 4mo
vs. 6mo. In addition, Thorsdottir et al. [7] found that longer duration of exclusive BF
was not significantly associated with MCV at 12mo. At 6 mo Jonsdottir et al. [2] found
no significant differences in RDW or TIBC between infants introduced to CFB at 4mo
compared to those who were exclusively BF until 6 mo. Finally, Thorsdottir et al. [7]
found no significant associations between duration of exclusive BF and TfR at 12mo of
age.

Timing of CFB Introduction and Zinc Status

Two RCTs examined the relationship between timing of CFB introduction and zinc
status (Table 2). Kattelmann et al. [3], as described above, randomized FF infants to
receive CFB (commercial or home-prepared foods selected by the parents) beginning
at 3-4mo or 6mo of age. Details regarding the infant formula (selected by parents)
consumed were not provided however, based on the time during which the study was
conducted, it can be assumed that those formulas were fortified with zinc. Lonnerdal et
al. [4] randomized FF infants to receive CFB (cereal) at 4mo, or to continue exclusive
FF until 7mo. The nutritional content of the cereal was not described but the formula
consumed by all infants contained 7mg/L iron and 7mg/L zinc.

Results from Kattelmann et al. [3] showed no differences in serum zinc levels at 12 or
24mo of age between study groups. Lonnerdal et al. [4] reported that earlier
introduction of CFB at 4mo vs. 7mo resulted in significantly higher levels of plasma
zinc at 6mo and 7mo of age.

Timing of CFB Introduction and Folate and Vitamin B12 Status

One prospective cohort study was identified that examined the relationship between
timing of CFB introduction and folate and vitamin B12 status in BF infants (Table 2). In
this study, Hay et al. [8] defined CFB as foods and beverages other than breast milk or
breast milk substitutes, and analyzed timing continuously as the time (in days) since
the introduction of CFB. Results showed that in BF infants, timing of CFB introduction
was not significantly associated with serum cobalamin at 6 or 12mo of age. However,
earlier introduction of CFB was associated with decreased serum folate at 6mo, but
not 12mo.
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Timing of CFB Introduction and Vitamin D Status

One RCT was identified that examined the relationship between timing of CFB
introduction and vitamin D status (Table 2). In this study, Bainbridge et al. [9] randomly
assigned FF infants to receive rice cereal, in addition to formula, from 16 to 26wk, or to
continue exclusive FF through 26wk. All infants consumed the same amount of vitamin
D- and iron-fortified formula. Use of supplemental vitamin D among infants or their
mothers was not described. Results showed no significant differences between groups
in serum 25 hyroxyvitamin D at 26wk, or change between 16 and 26wk.

Evidence synthesis

Moderate evidence suggests that introducing CFB at 4mo compared to 6mo of age
offers no long term advantages or disadvantages in terms of iron status among
healthy, full-term infants who are BF, fed iron fortified formula, or both. There is not
enough evidence to determine the relationship between timing of introduction of CFB
and zinc, vitamin D, vitamin B12, folate, or fatty acid status.

The RCTs included in this systematic review were designed to directly examine the
effects of the specific timing of introduction of CFB for the first time on micronutrient
status, while the observational studies examined the direction and strength of the
association between timing of introduction and micronutrient status. The definitions
and analytic techniques used in the observational studies were inconsistent, making it
difficult to determine the specific ages at which CFB were introduced, particularly when
duration of exclusive BF was analyzed as a continuous variable. Therefore, the data
from these studies were not relied upon as heavily in drawing conclusions about timing
of CFB introduction and its impact on micronutrient status.

The reported effects from the RCTs, which had fewer concerns related to internal
validity, were also more likely to be the true effects of the timing of introduction of CFB
and micronutrient status compared to the results from the prospective cohort studies.
In particular, the major methodological limitation of concern from the latter studies
relates to confounding bias from factors such as education, socioeconomic status, sex,
maternal age, race/ethnicity, feeding practices aside from CFB (breast milk vs. infant
formula), birth size, and gestational age. Few of the cohort studies described baseline
characteristics of subjects, making it impossible to determine whether the comparison
groups differed on any of these potential confounders at baseline. In addition, the
observational studies adjusted for few of the key confounders listed above in outcome
analyses. Finally, it is likely that several studies were not powered or did not include
sufficient sample size to adequately analyze results from certain sub-sets of study
subjects.

Most of the studies included subject populations that were generalizable to the US
population, though there is a lack of data that applies to lower-income or racial/ethnic
minority populations. While the interventions/exposures and nutritional status
biomarkers considered in the studies are applicable to the US population, most of the
studies examined subjects who were not at risk for insufficient iron stores, and
therefore, the clinical or practical significance of the findings for deficient subjects is
difficult to determine. Furthermore, because few of the studies reported the types and
amounts of CFB consumed by infants, it is also difficult to determine whether the types
of CFB introduced to infants were similar to those commonly fed to US infants.
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Research recommendations

In order to better assess the relationship between the timing of introduction of CFB and
micronutrient status, additional research is needed:

Additional studies, including both randomized controlled trials and prospective
cohort studies with sufficient sample sizes, that examine the specific age at
which CFB are introduced and nutritional status outcomes of public health
concern, primarily iron status, but also zinc, vitamin D, vitamin B12, folate,
and/or fatty acid status.

Research that adjusts for key confounding factors, such as education,
socioeconomic status, sex, maternal age, race/ethnicity, feeding practices aside
from CFB (breast milk vs. infant formula), birth size, and gestational age.
Research in more diverse populations with varying racial/ethnic and
socioeconomic backgrounds, and with increased risk of poor nutritional status
(including ID, and IDA).

Research regarding the timing of introduction to CFB in relation to micronutrient
status should eventually incorporate cut-points of biomarkers that are based on
reference data in infants ages 0-12mo, for which development is in progress.
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Table 1. Description of studies examining the relationship between timing of first introduction of any complementary foods
and beverages (CFB) and iron status.

Reference;
study design;
n; country

Intervention or exposure

Results for serum
ferritin (SF)

Results for hemoglobin
(Hb)

Results for other iron status
measures

Randomized
Controlled Trials

Jonsdottir, 2012
(2); 100; Iceland

Exclusively BF infants
randomized to receive CFB: 4mo
vS. 6mo

Hb, IDA, ID at 6mo: No
significant group differences

SF at 6mo: 70.0 ug/L
(IQR=73.3) vs. 44.0 ug/L
(IQR=53.8); P=0.02

SF<12ug/L at 6mo: v

RDW, TIBC at 6mo: No significant
group differences

Kattelmann, 2001
(3); 133; US

FF infants randomized to receive
CFB: 3-4mo vs. 6mo of age

Hb, Hb>100g/L at 12 or 24mo:
No significant group differences

SF, SF<12ug/L at 12 or
24mo: No significant
group differences

MCV, MCV<70um at 12 or 24mo: No
significant group differences

Lonnerdal, 1990
(4); NR; China

FF infants randomized to receive
CFB: 4mo vs. 7mo of age

Hb at 5, 6, or 7mo: No significant
group differences

Observational
Studies

Ghorashi, 2008
(1); Case-Control
Study; 60 IDA
Cases, 60
Controls; Iran

Age of CFB introduction: Mean,
mo

IDA cases (Hb<10.5g/dl) vs.
controls: No significant group
differences

Morton, 1988 (5);
Nested Case-
Control Study; 55;
UK

Age of CFB introduction: Mean,
mo

IDA cases (Hb<11g/dL,
SF<10ug/L) vs. controls at 6mo:
No significant group differences

Thorsdottir, 2003
(7); Prospective

Cohort Study; 114;

Iceland

Age of CFB introduction:
Duration of exclusive BF;
continuous

Hb or IDA at 12mo: No
significant associations

SF at 12mo: r2=0.05;
P=0.011

MCV, TfR at 12mo: : No significant
associations
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Reference;
study design;
n; country

Intervention or exposure

Results for hemoglobin Results for serum
(Hb) ferritin (SF)

Results for other iron status

measures

Tympa-
Psirropoulou,
2005 (6); Case-
Control Study; 75
IDA Cases, 75
Controls; Greece

Age of CFB introduction: Not
defined

IDA cases (Hb<11g/dl) vs.
controls: No significant group
differences

Age of meat introduction:
Percentage introduced at 5mo,
6mo, 7mo

IDA cases vs. controls: 5.3%
vs.10.7%, 45.3% vs. 81.3%, 8%
vs. 49.3%; P<0.001
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Table 2. Description of studies examined the relationship between timing of introduction of complementary foods and
beverages (CFB) and zinc, vitamin B12, folate, and vitamin D status.

Reference; study design; n;
country

Intervention or exposure

Results

Zinc status

Kattelmann, 2001 (3); RCT; 133;
us

FF infants randomized to receive CFB: 3-
4mo vs. 6mo of age

Serum zinc at 12 and 24mo: No significant group differences

Lonnerdal, 1990 (4); NR; China

FF infants randomized to receive CFB:
4mo vs. 7mo of age

Plasma zinc at 6mo: 0.85+0.13 vs. 0.78+0.15, P<0.05

Plasma zinc at 7mo: 0.87+0.18 vs. 0.75+0.15, P<0.05

Folate and vitamin B12 status

Hay, 2008 (8); Prospective Cohort
Study; 241; Norway

Age of CFB introduction: Time in d since
CFB introduction (end of exclusive BF)

Serum folate at 6mo: -0.26; P<0.001

Serum folate at 12 mo: No significant associations

Serum cobalamin at 6 or 12mo: No significant associations

Vitamin D status

Bainbridge, 1996 (9); RCT; 41; US

FF infants randomized to receive CFB:
16wk vs. 26wk of age

25-hyroxyvitamin D or 1, 25-dihydroxyvitamin D at 26wk, or change from
16 to 26wk: No significant group differences
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ANALYTIC FRAMEWORK

The analytic framework (Figure 1) illustrates the overall scope of the systematic
review, including the population, the interventions and/or exposures, comparators, and
outcomes of interest. It also includes definitions of key terms and identifies key
confounders considered in the systematic review. This is the analytic framework for the
systematic review conducted to examine the relationship between timing of
introduction of complementary foods and beverages and micronutrient status.

Figure 1: Analytic framework

Target Population Key Definitions
Generally healthy infants fed human milk, infant formula, or both, Complementary feeding is defined as the process that starts when
examined through age 24 months human milk or infant formula is complemented by other foods and

beverages. The complementary feeding period typically continues to 24
maonths as the young child transitions fully to family foods.

Intervention/Exposure Comparator Complementary foods and beverages (CFB) are foods and beverages
(liquids, semisolids, and solids) other than human milk or infant
+ Timing of introduction of = Different timing of introduction formula, provided to an infant or young child to provide nutrients and
complementary foods of CFB energy.
and beverages (CFB)
Key Confounders Other Confounders
. « Education » Smoking
» Socioeconomic status = Maternal diet
Health Outcomes + Sex «  Maternal weight
« lron status, including incidence of iron deficiency and anemia + Matemal age = Matemal parity
. Finc status + Race and/or ethnicity + Childcare arrangement
« Vitamin D status +  Milk feeding practices + Marital status/head of household
«  Vitamin B12 status '\\ (breast milk, infant = Medical support/access
« Folate status formula, or both) + Participation in a supplemental
- Fatty acid status = Birth size food program
« Gestational age = Atopy risk status
= Maternal employment/returning to
work

= Infant sleep patterns
» Frequency of eating occasions
+ Parent/caregiver feeding styles

SEARCH PLAN AND RESULTS

Inclusion and exclusion criteria

The inclusion and exclusion criteria are a set of characteristics to determine which
studies will be included or excluded in the systematic review. This table provides the
inclusion and exclusion criteria for the systematic review question: What is the
relationship between timing of introduction of complementary foods and beverages
and micronutrient status?

Table 3. Inclusion and exclusion criteria

Category Inclusion Criteria Exclusion Criteria

Study design Randomized controlled trials Cross-sectional studies
Non-randomized controlled trials Uncontrolled studies
Prospective cohort studies Pre/post studies without a control
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Independent
variable
(intervention or
exposure)

Comparator

Dependent
variables
(outcomes)

Date range

Language

Publication status

Country" 23

Study participants

Age of study
participants

Health status of
study participants

Retrospective cohort studies
Case-control studies
Pre/post studies with a control

Timing of introduction to
complementary foods and beverages
(i.e., foods and beverages other than
human milk or infant formula (liquids,
semisolids, and solids) provided to an
infant or young child to provide
nutrients and energy)

Different timing of introduction of CFB

Iron status, including incidence of iron
deficiency and anemia

Zinc status

Vitamin D status

Vitamin B12 status

Folate status

Fatty acid status

January 1980 - March 2016
Studies published in English

Studies published in peer-reviewed
journals

Studies conducted in Very High or
High Human Development Countries

Human subjects

Males
Females

Age at intervention or exposure:
Infants (0-12mo); Toddlers (12-24mo)

Age at outcome: Infants (0-12mo);
Toddlers (12-24mo)

Studies done in generally healthy
populations

Studies done in populations where
infants were full term (=37wk
gestational age)

Narrative reviews
Systematic reviews
Meta-analyses

Consumption of fluid cow’s milk before
12 months of age

N/A
N/A

Studies published in languages other
than English

Grey literature, including unpublished
data, manuscripts, reports, abstracts,
conference proceedings

Studies conducted in Medium or Low
Human Development Countries

Hospitalized patients, not including birth
and immediate post-partum
hospitalization of healthy babies

Age at intervention or exposure: Child (2-
5 years (y)); Child (6-12y); Adolescents
(13-18y); Adults (19y and older); Older
adults (65 to 79y); Older adults (80+y)

Age at outcome: Child (2-5y); Child (6-
12y); Adolescents (13-18y); Adults (19y
and older); Older adults (65 to 79y);
Older adults (80+y)

Studies that exclusively enroll subjects
with a disease or with the health
outcome of interest

Studies done in hospitalized or
malnourished subjects
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Studies done in populations with Studies of exclusively pre-term babies
elevated chronic disease risk, or that  (gestational age <37wk) or babies that
enroll some participants with a are small for gestational age (<2500g)
disease or with the health outcome of

interest

Studies of subjects with infectious
diseases (e.g. HIV/AIDS) (or with
mothers diagnosed with an infectious
disease)

T United Nations Development Programme. Human Development Report 2014: Reducing Vulnerabilities
and Building Resilience. Available from: http://hdr.undp.org/en/content/human-development-report-
2014.(19)

2 Medium Development countries were originally included, but due to concerns about generalizability to
the U.S. of study participants (i.e., baseline health status) and complementary foods and beverages
typically consumed, a decision was made to exclude “Medium” countries in October 2017.

3 When a country was not included in the HDI ranking, country classification from the World Bank was
used instead (51)

Search terms and electronic databases used

PubMed, US National Library of Medicine (1966 to 9 March 2016):
Date(s) Searched 12/9/2015; 3/9/2016
Search Terms:

((Complementary OR supplementary OR wean* OR transition* OR introduc* OR
"Infant Nutritional Physiological Phenomena"[Mesh:noexp] OR weaning[mesh])

AND (feeding* OR food* OR beverage*[tiab] OR beverages[mh] OR eating OR
diet[tiab] OR dietfmh] OR meal*[tiab] OR meals[mh] OR "Food and Beverages"[Mesh]
OR diets[tiab] OR cereal*[tiab] OR "Edible Grain"[Mesh] OR bread*[tiab] OR whole
grain* OR juice*[tiab] OR milk[tiab] OR "Milk"[Mesh] OR dairy[tiab] OR "Dairy
Products"[Mesh] OR meat[tiab] OR cheese][tiab] OR yogurt[tiab] OR yoghurt*[tiab] OR
fruit*[tiab] OR "Fruit"[Mesh] OR vegetable*[tiab] OR "Vegetables"[Mesh] OR egg*[tiab]
OR "Eggs"[Mesh] OR nut[tiab] OR nuts[tiab] OR peas[tiab] OR beans][tiab] OR
legume*[tiab] OR snack*[tiab])) OR “infant food”[mesh]

AND

nutritional status[mh] OR nutritional status*[tiab] OR Nutrition Status*[tiab] OR
"Nutritional Requirements"[Mesh] OR Iron[mh] OR iron[tiab] OR "Anemia"[Mesh] OR
"Anemia"[tiab] OR iron deficien*[tiab] OR ferritin*[tiab] OR ferrous[tiab] OR
"Transferrin"[Mesh] OR "Transferrin"[tiab] OR zinc OR "Vitamin D"[Mesh] OR "Vitamin
D"[tiab] OR "Vitamin D Deficiency"[Mesh] OR "Vitamin B 12"[Mesh] OR "Vitamin B
12"[tiab] OR "Vitamin B12"[tiab] OR "Vitamin B 12 Deficiency"[Mesh] OR
Cobamide*[tiab] OR Cobalamin*[tiab] OR Cyanocobalamin[tiab] OR Folate[tiab] OR
"Folic Acid"[Mesh] OR folacin[tiab] OR vitamin b9*[tiab] OR Fatty acid*[tiab] OR "Fatty
Acids"[Mesh:noexp] OR fatty acid*[tiab] OR "Fatty Acids, Unsaturated"[Mesh:noexp]
OR Arachidonic acid*[tiab] OR linolenic acid*[tiab] OR linoleic acid*[tiab] OR
Docosahexaenoic Acid*[tiab] OR Eicosapentaenoic Acid*[tiab] OR gamma-Linolenic
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Acid*[tiab] OR "Arachidonic Acids"[Mesh] OR "Fatty Acids, Essential"[Mesh] OR "Fatty
Acids, Omega-3"[Mesh] OR "Fatty Acids, Omega-6"[Mesh] OR alpha-Linolenic
Acid*[tiab] OR "Fatty Acids, Essential"[Mesh] OR "Linolenic Acids"[Mesh] OR "Trans
Fatty Acids"[Mesh] OR "Fatty Acids, Monounsaturated"[Mesh] 905815

NOT (editorial[ptyp] OR comment[ptyp] OR news|[ptyp] OR letter[ptyp] OR review[ptyp]
OR systematic[sb])

OR ((Solid food*) OR solids)); AND

OR

Nutrition*[ti] OR nutritional status[mh] OR nutritional status*[tiab] OR Nutrition
Status*[tiab] OR "Child Nutrition Sciences"[majr] OR nutrient*[ti] OR "Nutritional
Requirements"[Mesh]

"Vitamin B Deficiency"[Mesh] OR "Vitamins"[Mesh] OR Iron[mh] OR iron[tiab] OR
"Anemia"[Mesh] OR "Anemia"[tiab] OR iron deficien*[tiab] OR ferritin*[tiab] OR
ferrous[tiab] OR "Transferrin"[Mesh] OR "Transferrin"[tiab] OR zinc OR "Vitamin
D"[Mesh] OR "Vitamin D"[tiab] OR "Vitamin D Deficiency"[Mesh] OR "Vitamin B
12"[Mesh] OR "Vitamin B 12"[tiab] OR "Vitamin B12"[tiab] OR "Vitamin B 12
Deficiency"[Mesh] OR Cobamide*[tiab] OR Cobalamin*[tiab] OR
Cyanocobalamin[tiab] OR Folate[tiab] OR "Folic Acid"[Mesh] OR folacin[tiab] OR
vitamin b9*[tiab] OR Fatty acid*[tiab] OR "Fatty Acids"[Mesh:noexp] OR fatty acid*[tiab]
OR "Fatty Acids, Unsaturated"[Mesh:noexp] OR Arachidonic acid*[tiab] OR linolenic
acid*[tiab] OR linoleic acid*[tiab] OR Docosahexaenoic Acid*[tiab] OR
Eicosapentaenoic Acid*[tiab] OR gamma-Linolenic Acid*[tiab] OR "Arachidonic
Acids"[Mesh] OR "Fatty Acids, Essential"'[Mesh] OR "Fatty Acids, Omega-3"[Mesh] OR
"Fatty Acids, Omega-6"[Mesh] OR alpha-Linolenic Acid*[tiab] OR "Fatty Acids,
Essential"[Mesh] OR "Linolenic Acids"[Mesh] OR "Trans Fatty Acids"[Mesh] OR "Fatty
Acids, Monounsaturated"[Mesh]

AND

infant* OR baby OR babies OR toddler* OR newborn*[tiab] OR "Child,
Preschool"[Mesh] OR preschool*[tiab] OR pre-school*[tiab] OR “early childhood”[tiab]
OR “early years”[tiab] OR pre-k[tiab] OR pre-primary[tiab] OR under five*[ti] OR young
child*[ti] OR “head start”[tiab] OR prekindergarten[tiab] OR pre-kindergarten[tiab] OR
weanling*

OR limit to child, preschool in PubMed?

NOT (editorial[ptyp] OR comment[ptyp] OR news|[ptyp] OR letter[ptyp] OR review[ptyp]
OR systematic[sb])

Embase, Elsevier (1947 to 9 December 2015):
Date(s) Searched: 12/9/2015
Search Terms:
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(Complementary OR supplementa* OR wean* OR transition* OR introduc* OR family)
NEAR/3 (feed* OR food* OR beverage* OR eating OR diet)

OR

(Complementary OR transition* OR introduct®* OR wean*) AND (food/exp OR 'baby
food'/exp OR 'cereal'/exp OR 'dairy product'/exp OR 'egg'/exp OR 'fruit'/exp OR
'meat'/exp OR 'sea food'/exp OR 'milk'/exp OR fish/exp OR 'poultry'/exp OR
'‘beverage'/exp OR 'vegetable'/exp OR nut/exp OR pea/exp OR meal/exp)

OR

(Complementary OR supplementa* OR wean* OR transition* OR introduc*) NEAR/5
(‘whole grain’ OR ‘whole grains’ OR dairy OR egg OR eggs OR meat OR poultry OR
seafood OR fruit* OR milk OR fish* OR poultry OR beverage* OR vegetables* OR pea
OR peas OR nut OR nuts OR cereal OR bread* OR yog*urt* OR cheese* OR juice*
OR rice OR soup OR legume* OR snack* OR meal*) (for Embase)

AND

(infant*:ti,ab OR infant/exp) OR (baby OR babies OR toddler* OR newborn* OR
nurser®):ti,ab OR 'newborn'/exp OR 'newborn care'/exp OR preschool*:ti,ab OR pre-
school:ti,ab OR 'preschool child/exp OR 'infancy'/exp OR “early childhood™:ti,ab OR
“early years” OR pre-k:ti,ab OR 'nursery'/exp OR 'nursery school'/exp OR
prekindergarten:ti,ab OR pre-kindergarten:ti,ab OR weanling*

AND ([in process]/lim OR [article]/lim OR [article in press]/lim) AND ([embase]/lim NOT
[medline]/lim)

AND
Limit to humans

OR
'nutritional status'/exp OR ((nutrition* OR diet) NEAR/3 (status OR requirement* OR
state)):ti,ab OR 'nutritional requirement'/exp

OR

'ferrous ion'/exp OR ferrous:ti,ab OR 'iron absorption'/exp OR 'iron deficiency
anemia'/exp OR anemia:ti,ab OR 'iron blood level'/exp OR 'iron'/exp OR 'ferritin'/exp
OR ferritin:ti,ab OR transferrin:ti,ab OR 'transferrin'/exp OR 'vitamin D'/exp OR 'vitamin
D deficiency'/exp OR 'zinc'/exp OR zinc:ti,ab OR 'cyanocobalamin'/exp OR “vitamin
d”:ti,ab OR “vitamin b12”:ti,ab OR “vitamin b 12”:ti,ab OR cyanocobalamin:ti,ab OR
'folic acid'/exp OR 'folic acid':ti,ab OR folate:ti,ab OR folacin:ti,ab OR 'cobalamin'/exp
OR cobalamin*:ti,ab OR 'cobamamide'/exp OR 'cobamamide':ti,ab OR
cyanocobalamin®:ti,ab OR 'fatty acid'/exp OR (fatty NEXT/1 acid*):ti,ab OR
(Arachidonic acid*):ti,ab OR (linolenic NEXT/1 acid*):ti,ab OR (linoleic NEXT/1
acid*):ti,ab OR (Docosahexaenoic NEXT/1 Acid*):ti,ab OR (Eicosapentaenoic NEXT/1
Acid*):ti,ab OR (gamma-Linolenic NEXT/1 Acid*):ti,ab OR (alpha-Linolenic NEXT/1
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Acid*):ti,ab

Cochrane Central Register of Controlled Trials, John Wiley & Sons in the
Cochrane Library (searched August 2015):

Date(s) Searched: 12/2015
Search Terms:

(feed* OR food* OR beverage*OR diet* OR ‘whole grain’ OR ‘whole grains’ OR dairy
OR egg OR meat OR poultry OR seafood OR fruit* OR milk OR fish* OR poultry OR
vegetables® OR pea OR nut OR cereal OR beverage* OR bread* OR seafood OR
yog*urt* OR cheese OR juice) NEAR/3 (Complementary OR supplementa* OR wean*
OR transition* OR introduct* OR family)

OR

((nutrition* OR diet) NEAR/3 (status OR requirement* OR state))

AND

ferrous OR iron OR anemia OR ferritin OR zinc OR “vitamin d” OR “vitamin b12” OR
“vitamin b 12” OR cyanocobalamin OR 'folic acid' OR folate OR folacin OR cobalamin*
OR 'cobamamide' OR cyanocobalamin* OR (fatty NEXT/1 acid*) OR (Arachidonic
acid*) OR (linolenic NEXT/1 acid*) OR (linoleic NEXT/1 acid*) OR (Docosahexaenoic
NEXT/1 Acid*) OR (Eicosapentaenoic NEXT/1 Acid*) OR (gamma-Linolenic NEXT/1
Acid*) OR (alpha-Linolenic NEXT/1 Acid*)

NOT (supplement*ti,ab OR pubmed OR embase)

AND (infant* OR baby OR babies OR toddler* OR newborn* OR nurser* OR
preschool* OR pre-school OR “early childhood” OR pre-k OR prekindergarten OR
pre-kindergarten OR “early years”)

NOT (pubmed OR embase OR supplement*:ti OR preterm:ti)

CINAHL Plus with Full Text, EBSCO (Cumulative Index to Nursing and Allied
Health Literature; 1937 to 14 December 2015):

Date(s) Searched: 12/14/2015

Search Terms:

(MH "Food and Beverages+") OR (MH "Food") OR (MH "Diet") OR (MH "Eating") OR
(MH "Eating Behavior") OR (MH "Taste") OR (MH "Taste Buds") OR (MH "Cereals")
OR (MH "Dairy Products") OR (MH "Yogurt") OR (MH "Cheese") OR (MH "Milk") OR
(MH "Eggs") OR (MH "Fruit") OR (MH "Fruit Juices") OR (MH "Meat") OR (MH
"Seafood") OR (MH "Fish") OR (MH "Poultry") OR (MH "Vegetables") OR (MH "Nuts")
OR (MH "Legumes") OR (MH "Bread") AND (Complementary OR supplementa* OR
wean* OR transition* OR introduc®)
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OR

(‘whole grain’ OR ‘whole grains’ OR dairy OR egg OR eggs OR meat OR poultry OR
seafood OR fruit* OR milk OR fish* OR poultry OR vegetables* OR pea OR peas OR
nut OR nuts OR cereal OR beverage* OR bread* OR seafood OR yog*urt* OR
cheese* OR juice*) N5 (Complementary OR supplementa* OR wean* OR transition*
OR introduc* OR family)

AND

(MH "Nutritional Status") OR "nutritional status" OR (MH "Nutritional Requirements")
OR (MH "Vitamin D") OR (MH "Vitamin D Deficiency") OR (MH "Vitamin B12
Deficiency") OR (MH "Anemia") OR "anemia" OR (MH "Anemia, Iron Deficiency") OR
(MH "Iron") OR (MH "Zinc") OR (MH "Vitamin B12") OR (MH "Vitamin B12 Deficiency")
OR (MH "Folic Acid") OR (MH "Niacin") OR (MH "Folic Acid Deficiency") OR "folate"
OR "folacin" OR cyanocobalamin* OR cobalamin* OR cobamamide* OR (MH "Fatty
Acids") OR "fatty acids" OR (MH "Fatty Acids, Omega-6") OR (MH "Fatty Acids,
Omega-3") OR (MH "Fatty Acids, Unsaturated") OR (MH "Trans Fatty Acids") OR (MH
"Fatty Acids, Monounsaturated") OR (MH "Fatty Acids, Saturated") OR (MH "Fatty
Acids, Essential") OR (MH "Arachidonic Acids") OR (MH "Docosahexaenoic Acids")
OR (MH "Linolenic Acids") OR (MH "Linoleic Acids")

Limit to “all infant” OR (MH "Infant") OR (MH "Infant, Newborn") OR (MH "Infant

Behavior") OR (MH "Infant Feeding") OR (MH "Infant Feeding Schedules") OR (MH
"Child, Preschool")

29



Figure 2: Flow chart of literature search and screening results

Articles identified through database searching

[FubMed, Cochrane, Embase, CINAHL]
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W

Articles screened (title)
n=23,861
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n="1,140

Articles excluded
n=738

W

Hand search
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n=401
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n=362

i
-

W

Studies included in systematic reviews™:

Micronutrient status
«  Timingof CFB introduction: n=9
« Types andforamounts of CFE: n=31

*Two articles were included in both reviews

Flow chart of literature search and screening results for articles examining the

relationship between complementary feeding and micronutrient status. The results of

an electronic database search were screened in a dual, step-wise manner by

reviewing titles, abstracts, and full text articles to determine which articles met the
criteria for inclusion. A manual search was done to ascertain articles not identified

through the electronic database search. The systematic review on timing of

introduction of CFB included nine articles, and the systematic review on types and

amounts of CFB consumed included 33 articles.
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Excluded articles
The table below lists the excluded articles with at least one reason for exclusion, and may not reflect all possible reasons.

Table 4. Excluded articles

Citation

Rationale

Bioavailability of milk zinc in infants. Nutr Rev. 1984;42:220-2.

Study design,
Dependent variable

Nutritional findings in the U.S. preschool and young school-age population. J Bergen Cty Dent Soc. 1984;50:14-6.

Age

Aboud,F. E.,Moore,A. C.,Akhter,S.. Effectiveness of a community-based responsive feeding programme in rural
Bangladesh: a cluster randomized field trial. Matern Child Nutr. 2008;4:275-86.

Independent variable,
Dependent variable

Abrams,S. A.,O'Brien,K. O.,Wen J.,Liang,L. K.,Stuff,J. E.. Absorption by 1-year-old children of an iron supplement given
with cow's milk or juice. Pediatr Res. 1996;39:171-5.

Independent variable,
Dependent variable

Abrams,S. A.,Wen,J.,Stuff,J. E.. Absorption of calcium, zinc, and iron from breast milk by five- to seven-month-old
infants. Pediatr Res. 1997;41:384-90.

Study design,
Independent variable

Adamska,l.,Swiatek,K.,Czerwionka-Szaflarska,M.,Zawadzka-Gralec,A.. Influence of elimination diet on nutritional
assessment in children under the age of 2 years. Pediatria Wspolczesna. 2007;9:29-36.

Dependent variable,
Language

Adu-Afarwuah,S. Lartey,A.,Brown,K. H.,Zlotkin,S.,Briend,A.,Dewey,K. G.. Home fortification of complementary foods
with micronutrient supplements is well accepted and has positive effects on infant iron status in Ghana. Am J Clin Nutr.
2008;87:929-38.

Country, Independent
variable

Agarwal,R.,Virmani,D.,Jaipal,M.,Gupta,S.,Sankar,M. J.,Bhatia,S.,Agarwal,A.,Devgan,V.,Deorari,A.,Paul,V. K., Toteja,G.
S.. Poor zinc status in early infancy among both low and normal birth weight infants and their mothers in Delhi.
Neonatology. 2013;103:54-9.

Country, Independent
variable

Agostoni,C.,Marangoni,F.,Giovannini,M.,Galli,C.,Riva,E.. Prolonged breast-feeding (six months or more) and milk fat

content at six months are associated with higher developmental scores at one year of age within a breast-fed population.

Adv Exp Med Biol. 2001;501:137-41.

Independent variable
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Citation Rationale
10 Agostoni,C.,Riva,E.. Dietary fatty acids and cholesterol in the first 2 years of life. Prostaglandins Leukot Essent Fatty Study design
Acids. 1998,;58:33-7.
11 Agostoni,C.,Trojan,S.,Bellu,R.,Riva,E.,Bruzzese,M. G.,Giovannini,M.. Developmental quotient at 24 months and fatty Independent variable,
acid composition of diet in early infancy: a follow up study. Arch Dis Child. 1997;76:421-4. Dependent variable
12 Agustina,R.,Bovee-Oudenhoven,l. M.,Lukito,W.,Fahmida,U.,van de Rest,O.,Zimmermann,M. Age, Country,
B.,Firmansyah,A.,Wulanti,R.,Albers,R.,van den Heuvel ,E. G.,Kok,F. J.. Probiotics Lactobacillus reuteri DSM 17938 and Independent variable
Lactobacillus casei CRL 431 modestly increase growth, but not iron and zinc status, among Indonesian children aged 1-
6 years. J Nutr. 2013;143:1184-93.
13 Al-Alawi,M.,Sarhan,N.. Prevalence of anemia among nine-month-old infants attending primary care in Bahrain. Journal Study design,
of the Bahrain Medical Society. 2014;25:29-32. Independent variable
14 Al-Atawi,M. S_,Al-Alwan,l. A.,Al-Mutair,A. N.,Tamim,H. M.,Al-Jurayyan,N. A.. Epidemiology of nutritional rickets in Study design,
children. Saudi J Kidney Dis Transpl. 2009;20:260-5. Independent variable
15 Alexy,U.,Kersting,M.,Sichert-Hellert, W.,Manz,F.,Schoch,G.. Energy intake and growth of 3- to 36-month-old German Independent variable,
infants and children. Ann Nutr Metab. 1998;42:68-74. Dependent variable
16 Almquist-Tangen,G.,Dahlgren,J.,Roswall,J.,.Bergman,S.,Alm,B.. Milk cereal drink increases BMI risk at 12 and 18 Dependent variable
months, but formula does not. Acta Paediatr. 2013;102:1174-9.
17 Almqvist,C.,Garden,F.,Xuan,W.,Mihrshahi,S.,Leeder,S. R.,0ddy,W.,Webb,K.,Marks,G. B.. Omega-3 and omega-6 fatty Independent variable,
acid exposure from early life does not affect atopy and asthma at age 5 years. J Allergy Clin Immunol. 2007;119:1438- Dependent variable
44,
18 Altucher,K.,Rasmussen,K. M.,Barden,E. M.,Habicht,J. P.. Predictors of improvement in hemoglobin concentration Independent variable,

among toddlers enrolled in the Massachusetts WIC Program. J Am Diet Assoc. 2005;105:709-15.

Dependent variable
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Citation

Rationale

19 Anand,K.,Lakshmy,R.,Janakarajan,V. N.,Ritvik,A.,Misra,P.,Pandey,R. M.,Kapoor,S. K.,Sankar,R.,Bulusu,S.. Effect of Age, Independent
consumption of micronutrient fortified candies on the iron and vitamin A status of children aged 3-6 years in rural variable
Haryana. Indian Pediatr. 2007;44:823-9.

20 Andersen,A. D.,Michaelsen,K. F.,Hellgren,L. |., Trolle,E.,Lauritzen,L.. A randomized controlled intervention with fish oil Independent variable
versus sunflower oil from 9 to 18 months of age: exploring changes in growth and skinfold thicknesses. Pediatr Res.
2011;70:368-74.

21 Andersen,L. B.,Pipper,C. B.,Trolle,E.,Bro,R.,Larnkjaer,A.,Carlsen,E. M.,Molgaard,C.,Michaelsen K. F.. Maternal obesity | Dependent variable
and offspring dietary patterns at 9 months of age. Eur J Clin Nutr. 2015;69:668-75.

22 Anfield,L.. Nutrition in the first year. Midwife Health Visit Community Nurse. 1985;21:161-4. Study design

23 Antunes,H.,Santos,C.,Carvalho,S.,Gongalves,S.,Costa-Pereira,A.. Male gender is an important clinical risk factor for iron | Study design,
deficiency in healthy infants. e-SPEN Journal. 2012;7:€219-e222. Independent variable

24 Arsenault,J. E.,Lopez de Romana,D.,Penny,M. E.,Van Loan,M. D.,Brown,K. H.. Additional zinc delivered in a liquid Health Status
supplement, but not in a fortified porridge, increased fat-free mass accrual among young Peruvian children with mild-to-
moderate stunting. J Nutr. 2008;138:108-14.

25 Arvas,A. Elgormus,Y.,Gur,E. Alikasifoglu,M.,Celebi,A.. Iron status in breast-fed full-term infants. Turk J Pediatr. Independent variable
2000;42:22-6.

26 Ayer,J. G.,Harmer,J. A.,Xuan,W.,Toelle,B.,Webb,K.,Aimqvist,C.,Marks,G. B.,Celermajer,D. S.. Dietary supplementation | Age
with n-3 polyunsaturated fatty acids in early childhood: effects on blood pressure and arterial structure and function at
age 8 y. Am J Clin Nutr. 2009;90:438-46.

27 Baatenburg de Jong,R.,Bekhof,J.,Roorda,R.,Zwart,P.. Severe nutritional vitamin deficiency in a breast-fed infant of a Study design

vegan mother. Eur J Pediatr. 2005;164:259-60.
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Citation Rationale
28 Bakker,E. C.,van Houwelingen,A. C.,Hornstra,G.. Early nutrition, essential fatty acid status and visual acuity of term Study design
infants at 7 months of age. Eur J Clin Nutr. 1999;53:872-9.
29 Balogun,T. A.,Lombard,M. J.,McLachlan,M.. The nutrient intake of children aged 12-36 months living in two communities | Study design, Country
in the Breede Valley, Western Cape province, South Africa. South African Family Practice. 2015;57:1-7 7p.
30 Bamiji,M. S.,Chowdhury,N.,Ramalakshmi,B. A.,Jacob,C. M.. Enzymatic evaluation of riboflavin status of infants. Eur J Study design
Clin Nutr. 1991;45:309-13.
31 Baptist,E. C.,Castillo,S. F.. Cow's milk-induced iron deficiency anemia as a cause of childhood stroke. Clin Pediatr Study design
(Phila). 2002;41:533-5.
32 Begin,F.,Santizo,M. C.,Peerson,J. M., Torun,B.,Brown,K. H.. Effects of bovine serum concentrate, with or without Independent variable
supplemental micronutrients, on the growth, morbidity, and micronutrient status of young children in a low-income, peri-
urban Guatemalan community. Eur J Clin Nutr. 2008;62:39-50.
33 Beinner,M. A.,Lamounier,J. A.,Tomaz,C.. Effect of iron-fortified drinking water of daycare facilities on the hemoglobin Age, Independent
status of young children. J Am Coll Nutr. 2005;24:107-14. variable
34 Beinner,M. A.,Velasquez-Melendez,G.,Pessoa,M. C.,Greiner,T.. Iron-fortified rice is as efficacious as supplemental iron Health Status,
drops in infants and young children. J Nutr. 2010;140:49-53. Independent variable
35 Ben,X. M.,Zhou,X. Y.,Zhao,W. H.,Yu,W. L.,Pan,W.,Zhang,W. L.,Wu,S. M.,Van Beusekom,C. M.,Schaafsma,A.. Growth Independent variable
and development of term infants fed with milk with long-chain polyunsaturated fatty acid supplementation. Chin Med J
(Engl). 2004;117:1268-70.
36 Bentley,M. E.,Caulfield,L. E.,Ram,M.,Santizo,M. C.,Hurtado,E.,Rivera,J. A.,Ruel,M. T.,Brown,K. H.. Zinc Independent variable

supplementation affects the activity patterns of rural Guatemalan infants. J Nutr. 1997;127:1333-8.

34




Citation

Rationale

37 Berger,J.,Ninh,N. X.,Khan,N. C.,Nhien,N. V.,Lien,D. K., Trung,N. Q.,Khoi,H. H.. Efficacy of combined iron and zinc Country, Independent
supplementation on micronutrient status and growth in Viethamese infants. Eur J Clin Nutr. 2006;60:443-54. variable

38 Bernal,M. J.,Periago,M. J.,Martinez,R.,Ortuno,l.,Sanchez-Solis,M.,Ros,G.,Romero,F.,Abellan,P.. Effects of infant cereals | Independent variable,
with different carbohydrate profiles on colonic function--randomised and double-blind clinical trial in infants aged Dependent variable
between 6 and 12 months--pilot study. Eur J Pediatr. 2013;172:1535-42.

39 Bilenko,N.,Fraser,D.,Vardy,H.,Belmaker,l.. Impact of multiple micronutrient supplementation ("sprinkles") on iron Independent variable
deficiency anemia in Bedouin Arab and Jewish infants. Isr Med Assoc J. 2014;16:434-8.

40 Birch,E. E.,Garfield,S.,Hoffman,D. R.,Uauy,R.,Birch,D. G.. A randomized controlled trial of early dietary supply of long- Independent variable
chain polyunsaturated fatty acids and mental development in term infants. Dev Med Child Neurol. 2000;42:174-81.

41 Birch,E. E.,Hoffman,D. R.,Uauy,R.,Birch,D. G.,Prestidge,C.. Visual acuity and the essentiality of docosahexaenoic acid Independent variable
and arachidonic acid in the diet of term infants. Pediatr Res. 1998;44:201-9.

42 Birkbeck,J. A.,Scott,H. F.. 25-Hydroxycholecalciferol serum levels in breast-fed infants. Arch Dis Child. 1980;55:691-5. Independent variable

43 Birlouez-Aragon,l.,Riviére,S.,Bailly,L.,Burban,Y.,Dardenne,A.,Pertuis,S.. Restoration of nutritional balance in children Age, Language
between 6 and 8 years of age. Journal de Pediatrie et de Puericulture. 1998;11:98-103.

44 Black,A. P.,Vally,H.,Morris,P.,Daniel,M.,Esterman,A.,Smith,F.,0'Dea,K.. High folate levels in Aboriginal children after Study design, Age
subsidised fruit and vegetables and mandatory folic acid fortification. Aust N Z J Public Health. 2014;38:241-6.

45 Block,S. L.. Delayed introduction of solid foods to infants: not so fast!l. Pediatr Ann. 2013;42:143-7. Study design
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46 Bloem,M. W.,Wedel,M.,Egger,R. J.,Speek,A. J.,Schrijver,J.,.Saowakontha,S.,Schreurs,W. H.. Iron metabolism and Health Status
vitamin A deficiency in children in northeast Thailand. Am J Clin Nutr. 1989;50:332-8.

47 Bogard,J. R.,Hother,A. L.,Saha,M.,Bose,S.,Kabir,H.,Marks,G. C., Thilsted,S. H.. Inclusion of Small Indigenous Fish Dependent variable
Improves Nutritional Quality During the First 1000 Days. Food Nutr Bull. 2015;36:276-89.

48 Bortolini,G. A.,Vitolo,M. R.. The impact of systematic dietary counseling during the first year of life on prevalence rates of | Independent variable
anemia and iron deficiency at 12-16 months. J Pediatr (Rio J). 2012;88:33-9.

49 Brady,H.,Lamb,M. M.,Sokol,R. J.,Ross,C. A.,Seifert,J. A.,Rewers,M. J.,Norris,J. M.. Plasma micronutrients are Age, Independent
associated with dietary intake and environmental tobacco smoke exposure in a paediatric population. Public Health variable
Nutr. 2007;10:712-8.

50 Briend,A.,Bari,A.. Breastfeeding improves survival, but not nutritional status, of 12-35 months old children in rural Country, Independent
Bangladesh. Eur J Clin Nutr. 1989;43:603-8. variable, Dependent
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