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Abstract
Objective: Adequate nutrition is critical for optimal growth and development.
However, young children may be at risk of nutrient deficiencies when
transitioning to weaning foods for a variety of reasons. Supplementation with
fortified milk may provide potentially lacking essential nutrients, but effects on
growth and nutritional status are yet to be established.
Design: Five databases were searched for randomised controlled trials using
fortified milk against control milk in young children. Outcomes were growth, body
composition and/or biochemical markers. Pooled differences in means were
calculated for continuous outcomes and odds ratios for binary outcomes.
Setting: Randomised controlled trials set in any country.
Subjects: Otherwise healthy children aged 6–47 months.
Results: Fifteen articles met the eligibility criteria. Fortification varied from Fe, Zn,
vitamins, essential fatty acids, to pre- and/or probiotics. Frequently reported
outcomes were weight, height and Fe status. Studies varied in geographical
location, sample size and duration. Fortified milk had minimal effects on weight
gain (mean difference= 0·17 kg; 95% CI 0·02, 0·31 kg) compared with control
milk. The risk of anaemia was reduced in fortified milk groups (OR= 0·32; 95% CI
0·15, 0·66) compared with control groups. There were no significant effects on
height gain, changes in body composition or Hb concentration.
Conclusions: Fortified milk is an effective source of complementary nutrition to
supplement children in need when consumed in appropriate amounts in addition
to a normal diet. Due to compositional differences, further research on fortified
milk is warranted before making global recommendations on benefits for growth
and nutritional outcomes in young children.
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Young children have higher nutritional needs for growth
and development, with increasing evidence supporting
the importance of early-life nutrition on long-term health
outcomes. The benefits of breast-feeding are unquestion-
able in the first 6 months of life; however, after weaning,
dietary intake is not always optimal during the dietary
transition period(1). A lack of access to adequate nutritious
foods may be a direct contributory factor in suboptimal
dietary intake, but the latter may also be due to food
neophobia (i.e. fear of trying new foods) and ‘picky/fussy’
eating behaviour(2). Researchers have identified that
children with food neophobia have limited dietary
variety(3) and picky eaters consume fewer vegetables(4).

Cow’s milk is one of the most commonly consumed and
accepted food groups among young children, contributing
the highest percentage of energy intake(5,6).

Cow’s milk is a rich source of Ca, protein and fat;
however, it is low in certain micronutrients important for
growth and development, such as Fe. Fe deficiency is the
most common micronutrient deficiency in the world(7).
Cow’s milk is not only naturally low in Fe, but Ca has an
inhibitory effect on Fe absorption. Young children are also
at risk of deficiency of other nutrients such as vitamin
D(8,9) and n-3 essential fatty acids(10,11), which are also low
in cow’s milk. In addition to being a poor source of key
nutrients, excessive consumption of cow’s milk may
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present other potential issues not conducive to optimal
child growth, particularly the high protein content(12).
Studies have shown a link between high protein intake in
early childhood and increased body fat and risk for later
obesity(13,14). Childhood overweight and obesity is a
serious global public health concern(15).

Although consuming a balanced diet with a wide variety
of nutritious foods is the best strategy to address nutrient
deficiencies, unavailability of appropriate nutritious foods
or fussy eating behaviours present a challenge to achieve
optimal nutritional intake among young children. The WHO
guidelines on improving infant and young child health and
nutrition suggest using fortified foods when children are not
achieving adequate nutrient intake from their diet(16). Milk
fortified with nutrients and/or with modified nutrient value
is available and may be beneficial in meeting the nutrient
requirements of some 1–3-year-old children(17–19). Thus far,
the effect of fortified milk has not been systematically
investigated. The purpose of the current systematic review
and meta-analysis was to investigate the effect of fortified
milk products compared with control milk in young chil-
dren’s growth and nutritional status outcomes, such as body
size and composition, and/or biochemical markers.

Methods

The present systematic review was conducted in accordance
with the guidelines of the Preferred Reporting Items of Sys-
tematic Reviews and Meta-analysis (PRISMA) statement(20).

Eligibility criteria
Studies had to meet the following criteria to be included in
the current review: (i) population was otherwise healthy
children aged 6–47 months; (ii) intervention was fortified
milk; (iii) control was cow’s milk or non-/low-fortified
milk; (iv) outcome was growth parameters and biochem-
ical markers; and (v) study setting was a randomised
controlled trial (RCT). Details are provided in Table 1.

Search strategy
We carried out the systematic computerised literature search
in June 2014, using five electronic databases: PubMed
(1951–), Web of Science (1900–), Embase (1966–), CINAHL

(1982–) and Cochrane Library (1996–). Only full original
studies published in peer-reviewed journals in the English
language, to minimise potential bias due to mistranslation,
were selected. The search strategy incorporated the medical
subject heading (MeSH) and the following search terms
were used: (‘growing up milk’ OR ‘fortified milk’ OR ‘follow-
on formula’) AND (NOT milk, human OR NOT ‘breast milk’)
OR (probiotic*, prebiotic*, synbiotic*, symbiotic* AND milk)
AND (child, preschool (MeSH) OR infant (MeSH) OR NOT
infant, newborn (MeSH) AND growth). The term ‘follow-on
formula’ was included because fortified milk for children
older than 1 year of age can be referred to as ‘follow-on
formula’. The ‘synbiotics’ are a combination of pre- and
probiotics, which is sometimes spelt ‘symbiotic’. The term
‘infant’ was used as MeSH defines an infant as ‘a child
between 1 and 23 months of age’. Further hand-searching
was also conducted from the citations in studies that met the
eligibility criteria. One reviewer conducted the systematic
literature search. All articles that matched the search terms
were transferred to EndNote X7 (Thomson Reuters) and
duplicates were removed.

Study selection and data extraction
Two reviewers independently screened titles and selected
articles to review abstracts. Full articles were also screened
independently based on relevance to the study question
and eligibility criteria. One reviewer extracted data from
selected articles based on the following variables: (i) lead
author and year of publication; (ii) the age of children and
country of origin (geographical setting of study); (iii) type
of RCT; (iv) sample size including the number and
percentage of participants completing the study, the
number of participants with blood results, the type of milk
and the amount consumed for the intervention and control
groups; (v) the length of the intervention; (vi) adherence
check, exclusion criteria and attrition information;
(vii) baseline characteristics; and (viii) outcomes that were
pertinent to the systematic review. Reported ages and
lengths of intervention were converted to months. For
studies that did not report outcomes that could be
synthesised in a meta-analysis, efforts were made to con-
tact the authors to obtain the data; but if authors did not
respond to two requests, or were unable to provide

Table 1 PICOS table

Population Otherwise healthy children aged 6–47 months. Initially, the eligible age was set at 12–47 months; however, due to the low
number of trials with this age limitation, trials that started at 6 months of age were also included in the review if at least
50% of the intervention was conducted and concluded during 12–47 months of age. The children in the studies had to
be free of known disorders (e.g. congenital disorder) or disease

Intervention Fortified milk or formula with micronutrients and/or prebiotics, probiotics or synbiotics (i.e. combination of prebiotics and
probiotics), or had modified macronutrient content

Comparison Non- (or low-) fortified milk or formula. Studies that had more than two trial groups were also eligible to be included in the
systematic review, including intervention other than milk, so long as the trial included intervention milk and comparator
milk groups

Outcomes Growth parameters including body size (e.g. weight, height or length, BMI, head circumference), body composition and
biochemical markers (e.g. Fe, vitamin D, Zn)

Study design Randomised controlled trial of minimum 4 months’ duration conducted in young children
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data, the article was excluded from meta-analysis. Three
reviewers independently verified the extracted data.
Meta-analysis was carried out under the guidance of a
biostatistician. Risk of bias for individual articles was
assessed using the modified Cochrane Collaboration’s tool
for assessing risk of bias in randomised trials(21) with
additional items relevant to the current review. For single
studies with multiple published articles reporting different
outcomes measured, data were extracted separately and
the quality was assessed for each article independently.

Meta-analysis
The differences in means for continuous outcomes were
calculated from baseline and outcome measures at the end
of intervention for outcomes reported in arithmetic mean
and standard deviation. If the study featured more than two
intervention groups (i.e. intervention milk, control milk and
another group), the intervention milk and the comparator
milk that were most relevant to the review question were
analysed. For example, if the study had two comparators,
cow’s milk or standard formula, then cow’s milk was chosen
as the comparator in meta-analysis. If the study reported
outcome measurements at multiple time points, the mea-
surement taken at the end of the intervention period and the
corresponding number of samples were used. If the differ-
ences in means and 95% confidence intervals were reported
instead of standard deviations, standard errors were calcu-
lated assuming normal distribution(22). A pooled odds ratio
was calculated for cases of anaemia at the end of the
intervention period. Anaemia was determined by the num-
ber of cases reported in each study. If anaemia was reported
as a percentage, it was converted to numbers using the
sample size reported. For zero-cell correction, 0·5 was
added to all cells. Subgroup analyses were conducted based
on the study country’s economic status(23), the intervention
duration and the age of participants. Studies with I2> 0·40
were analysed using the inverse-variance random-effects
model, and forest plots were produced to illustrate the
results. A funnel plot was produced to determine risk of bias
across studies. The statistical software package Stata SE 13.1
was used to conduct meta-analysis.

Results

Study selection
A total of 514 titles were identified from the electronic
search, and, after screening titles and abstracts, thirty-six full
articles were retrieved. After screening, fifteen articles met
the eligibility criteria to be included in the current review.
The detailed literature search process is illustrated in Fig. 1.

Study characteristics
Fifteen articles based on twelve studies were included in
the present systematic review(24–38) (Table 2). The articles
by Szymlek-Gay et al.(34), Morgan et al.(28) and Houghton

et al.(27) were from a single study; and the articles by Morley
et al.(29) and Singhal et al.(32) were also from a single study.
Participant age was reported as median or mean; the
youngest participants at baseline were 6 months and the
oldest were 31 months. Four articles based on three inter-
ventions(25,29,32,33) enrolled children before 12 months of
age and these interventions were from the UK. Length of
intervention ranged from 4 to 12 months. In one study(26),
although the intervention length was 12 months, measure-
ments taken at 4 months after the commencement of
intervention were reported. Sex ratio was almost equal
(close to 50%) in seven studies; however, in one study(36)

the control group had a higher percentage of females
(81%). Four studies(25,31,33,38) did not report the distribution
of sex. The geographical setting of the studies varied. Of
these, studies from India(31,38), Indonesia(26), Mexico(30,35)

and Vietnam(37) were pooled as developing economies in
subgroup analysis. Studies from New Zealand(27,28,34),
Sweden(36) and the UK(25,29,32,33) were pooled as devel-
oped economies. One study(24) was set in multiple coun-
tries consisting of Malaysia, the Netherlands, Poland,
Portugal and Thailand. The total sample size of studies at
enrolment varied from n 54 to n 767. The most common
fortificants were Fe and vitamin C, followed by Zn, essential
fatty acids, vitamin D, and prebiotics, probiotics or syn-
biotics. The protein content of the milk was different
between the intervention and control group in two studies,
and the amount of milk consumed during the studies varied
from 426 to 611ml/d. The control milk varied from standard
cow’s milk to no- or low-fortified ‘follow-on-formula’.

Two studies were cluster RCT(30,37), but both studies were
adjusted for cluster effects; therefore, these studies were
included in the meta-analysis. All studies were double-
blinded for milk groups except for one study, where the
control group already consumed standard cow’s milk prior
to inclusion in the study and continued consuming this milk
throughout the study(25). Types of Fe used for fortification
were ferrous sulfate(31–33), ferrous gluconate(35,36) and fer-
rous lactate(36); the remaining studies(25,30,34,37,38) did not
specify the type of Fe used for fortification. Most studies
collected dietary intake data including the consumption of
milk, which in some cases was used as an adherence check
to the study milk. Frequently cited exclusion criteria were
cow’s milk intolerance or allergy, congenital abnormalities,
cardiac and renal issues, using regular medication and/or
supplementation, and severe anaemia. However, not all
studies excluded children with anaemia at baseline. Two
studies(31,38) supplemented severely anaemic children with
extra Fe for the first 3 months of the study in addition to their
assigned milk. The operational definition of anaemia was not
uniform, but mostly based on Hb concentration of <110g/l.

Body size outcomes
Seven articles(24,26,29,31,36–38) reported outcomes in
weight (kg). Children in the intervention group had a
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statistically significant greater mean weight gain of 0·17 kg
(95% CI 0·02, 0·31 kg) compared with the control group at
the end of the intervention (Fig. 2). Two of the studies
from developing economies(26,37) reported average base-
line weight-for-age Z-scores below zero. Studies based in
India(31,38) reported that 3·5–6·3% of children had weight-
for-age Z-score <–2, which is classified as ‘wasted’ based
on the WHO growth reference. Subgroup analysis for
studies from developing economies(26,31,37,38) of the dif-
ference in weight gain between the groups was 0·24 kg
(95% CI 0·02, 0·45 kg). Subgroup analysis for studies from
developed economies was not conducted due to only
having two studies reporting weight(29,36). For studies with
longer than 7 months’ duration(24,29,31,38), the mean dif-
ference in weight gain in the intervention group compared
with the control group was 0·15 kg (95% CI 0·07, 0·23 kg),

whereas for intervention length shorter than 7 months(26,36,37)

the mean difference was 0·22kg (95% CI −0·09, 0·53kg).
Subgroup analysis based on the age of participants
was not conducted, as only one study(29) that started its
intervention before 12 months of age reported body size
outcomes.

Length or height (cm) was reported in six arti-
cles(24,26,29,31,37,38). However, the difference between the
intervention group and control group in length or height
gain from these articles, including subgroup analyses, did
not reach statistical significance. Head circumference was
reported in only two studies(26,29); therefore, results were
unable to be pooled for meta-analysis.

BMI was reported in three articles(24,26,37). One arti-
cle(24) reported that BMI was not statistically significant
between the intervention and control groups. Another

Articles screened for 
eligibility by title

n 413 

Articles identified 

Electronic database
search 

n 514

Articles excluded by 
abstract

n 61

Articles screened by 
full text

n 36

Duplicates removed
n 101 

Articles screened by 
abstract

n 97

Articles excluded by 
title (unrelated to the  

review)
n 319

Articles identified by 
hand-search

n 3 

Articles met the 
eligibility criteria

n 15 

Articles excluded after full-text review, n 21
Reasons for exclusion:

• Conference abstract, n 1
• Did not meet the age criteria, n 9
• Did not meet the study design criteria, n 7 
• Did not meet the outcome criteria, n 2
• Did not meet the health status criteria, n 1
• Not in English language, n 1

Fig. 1 (colour online) Flow diagram of the study selection process including the relevant number of papers at each stage and
reasons for exclusion

Fortified milk and child nutritional status 1217

https://doi.org/10.1017/S1368980016003189 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980016003189


Table 2 Summary of articles included in the current systematic review, in alphabetical order of the first author

Study
Age at baseline*; country;
length of intervention

Intervention milk; number and
percentage completing the study;
amount of milk consumed†

Control milk; number and
percentage completing the
study; amount of milk
consumed†

Study outcomes
investigated in the
systematic review

Adherence check and other
comment

Chatchatee et al. (2014)(24) 19 (14–24) months; multi-
country‡; 12 months

LCPUFA, prebiotics; n 348
(90%); 528·8 (128·2) ml

GUM without prebiotics
and LCPUFA; n 349
(92%); 527·2 (139·2) ml

Weight, length, BMI Contacted parents every
2–4 weeks

CM group not randomised

Daly et al. (1996)(25) 7·8 (5·7–8·6) months; UK;
12 months

Fe, vit C, vit D; n 41 (82%); mean
480ml

CM; n 43 (86%); mean
584ml

Fe (Hb) Multiple 3 d WFR

Firmansyah et al. (2011)(26) IG 12·4 (0·21) months, CG
12·4 (0·22) months;
Indonesia; 12 months

LCPUFA, synbiotics, lower
protein; n 148 (74%); 426
(25·9) ml

CM; n 142 (73%); 426
(31·2) ml

Weight, length, BMI, WFA
Z-score

3 d records of milk intake
Protein was lower in

intervention milk

Houghton et al. (2011)(27) IG 16·8 (2·9) months, CG
16·8 (2·8) months; New
Zealand; 5 months

Fe, vit C, Zn, vit D; n 43 (96%);
439–457 g

CM with vit A and vit D; n
85 (94%); 439–457g

Vit D Multiple 3 d WFR
Same study as Szymlek-Gay

et al.(34)

Morgan et al. (2010)(28) IG 16·8 (2·9) months, CG
16·8 (2·8) months; New
Zealand; 5 months

Fe, vit C, Zn, vit D; n 43 (96%);
439–457 g

CM with vit A and vit D; n
85 (94%); 439–457g

Zn Multiple 3 d WFR
Same study as Szymlek-Gay

et al.(34)

Morley et al. (1999)(29) IG 9·4 (0·32) months, CG
9·4 (0·32) months; UK;
9 months

Fe; n 133 (82%); amount of milk
consumed NA

CM; n 160 (96%); amount
of milk consumed NA

Weight, length, skinfold,
MUAC, Fe (Hb, sTfR)

Multiple 2 d diet diary
Standard (unfortified) formula

group was also compared

Rivera et al. (2010)(30) IG 22·1 (3·0) months, CG
22·5 (5·4) months;
Mexico; 12 months

Fe, vit C; n 371 (75%); 609 (355)
ml

CM; n 213 (78%); 611
(341) ml

Fe Adherence check NA
Only incidence of anaemia was

included in meta-analysis

Sazawal et al. (2010)(31) IG 22·4 (6·8) months, CG
23·0 (6·7) months; India;
12 months

Fe, vit C, Zn, vit D, LCPUFA,
B vitamins; n 289 (91%); 2·58
servings

CM; n 281 (89%); 2·54
servings

Weight, length, WFA, WFL
& LFA Z-scores, Fe (Hb,
SF, sTfR), Zn

Checked consumption and
remaining milk

Sazawal et al. (2010)(38) IG 22·2 (6·4) months, CG
23·0 (6·8) months; India;
12 months

Fe, vit C, Zn, vit D, LCPUFA,
B vitamins, synbiotics; n 257
(82%); amount of milk
consumed NA

Fortified milk without
synbiotics; n 245 (79%);
amount of milk
consumed NA

Weight, length, WFA, WFL
& LFA Z-scores, Fe (Hb,
SF, sTfR), Zn

Checked consumption and
remaining milk

Both milks contained the same
amount of Fe (excluded from
meta-analysis)

Singhal et al. (2000)(32) IG 9·4 (0·32) months, CG
9·4 (0·32) months; UK;
9 months

Fe, n 133 (82%); amount of milk
consumed NA

CM; n 160 (96%); amount
of milk consumed NA

Fe (SF, sTfR) Multiple 2 d diet diary
Same study as Morley et al.(29)

Stevens and Nelson
(1995)(33)

6 months (range NA); UK;
12 months

Fe, vit C; n NA; amount of milk
consumed NA

CM; n NA; amount of milk
consumed NA

Fe (Hb, SF) Adherence check NA

Szymlek-Gay et al.
(2009)(34)

IG 16·8 (2·9) months, CG
16·8 (2·8) months; New
Zealand; 5 months

Fe, vit C, Zn, vit D; n 43 (96%);
439–457 g

CM with vit A and vit D; n
85 (94%); 439–457g

Fe (Hb, SF, sTfR) Multiple 3 d WFR
Meat group was also

compared. Protein was
lower in intervention milk
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article(26) reported that BMI was slightly higher in the
intervention group compared with the control group when
the measurements were taken at 4 months after the study
commenced. The third article(37) reported that BMI among
the intervention group remained normal for age compared
with the control group, based on WHO reference data(39).

Weight-for-age Z-scores were reported in four arti-
cles(26,31,37,38) and height- or length-for-age Z-scores were
reported in three articles(31,37,38). A study set in Indone-
sia(26) identified that among the intervention group, the
change in weight-for-age Z-score from 12 months (base-
line) to 16 months was in line with the WHO growth
reference(39). Two articles were based on studies con-
ducted simultaneously in India(31,38). In one of these
studies(31), where the intervention group received
micronutrient-fortified milk and the control group received
standard cow’s milk, it was shown that weight-for-height,
weight-for-age and height-for-age Z-scores were sig-
nificantly improved in the intervention group. In the other
study(38), both intervention and control groups received
milk fortified with the same added micronutrient contents
including Fe, but the intervention milk had added syn-
biotics; probiotic Bifidobacterium lactis HN019 DR 10, as
well as prebiotic oligosaccharides. In that study, the
authors did not find a significant difference in the change
in Z-scores between the intervention and control groups
from baseline to end of the study. However, weight
velocity was greater in children in the intervention group
receiving milk with added synbiotics compared with
children in the control group(38). Another study(37), which
investigated the effect of milk fortified with synbiotics
compared with milk without synbiotics, showed statisti-
cally significant differences between intervention and
control groups for weight-for-age Z-scores (P< 0·001) and
length-for-age Z-scores (P< 0·001), despite a short inter-
vention duration of 5 months.

Body composition outcomes
Only one article(29) reported anthropometry-derived body
composition using mid-upper arm circumference and
skinfold thickness. That study did not find any significant
differences in body composition between the fortified milk
group and the cow’s milk group.

Biochemical marker outcomes – iron
Fe was the most investigated biochemical marker. Nine
articles reported changes in Hb concentration (g/l) from
baseline(25,29,31,33–38). One article(38) was omitted from
meta-analysis for biochemical markers of Fe status
because both the intervention milk and the control milk
in the study were fortified with the same amount of Fe
(approximately 5·4mg/d). Although the result did not
reach statistical significance, the mean increase of Hb
concentration in the intervention group compared with theTa
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control group was 5·89 g/l (95% CI −0·24, 12·02 g/l;
P= 0·06).

Serum ferritin and transferrin receptor concentrations
were also reported, but because some of these values
were reported as geometric mean(32,34,36) or median(33), or
did not measure baseline values(32), it was not possible to
pool these results to calculate mean differences. Outcomes
for serum ferritin levels and serum transferrin levels were
inconsistent. Two articles reported an increase in serum
ferritin levels among the fortified milk groups(31,34),
whereas two other articles(35,36) did not show a statistically
significant difference between groups, albeit trends were
apparent in one article(36) for an increase in serum ferritin
(P= 0·06) and decreased ratio of serum transferrin recep-
tor to ferritin (P= 0·05) in the fortified milk group. One
article(33) did not identify differences in median ferritin
levels between the two groups. The intervention milk
compared with the control milk had no effect on serum
transferrin receptor concentration in two articles(34,36), but
it was reduced in two articles(31,35). One article(32) did not
report a baseline measure, but found higher serum ferritin
levels among the fortified milk group, although there was
no difference in serum transferrin receptor values.

Nine articles(25,29,30,31,33–37) reporting cases of anaemia
at the end of the intervention were pooled to calculate an
odds ratio. The risk of anaemia was reduced significantly
among the intervention group compared with the control
group (OR= 0·32; 95% CI 0·15, 0·66; Fig. 3). Odds of
anaemia among the intervention group compared with the
control group in the subgroup analysis of developing
economies(30,31,35,37) was 0·36 (95% CI 0·14, 0·91) and for
interventions longer than 7 months(25,29,30,31,34) was 0·17
(95% 0·09, 0·33). The odds for interventions less than

7 months’ duration or studies conducted in developed
economies did not reach statistical significance. To
investigate the effect of age, removing three studies which
started the study before 12 months of age(25,29,33) resulted
in an OR of 0·46 (95% CI 0·19, 1·12).

Body Fe was investigated in one study(34), which was
higher in the fortified milk group compared with the
control group. Other markers of Fe status such as Zn
protoporphyrin, haematocrit and red-cell distribution
width were investigated in one study(31); these authors
reported improvements in these markers among the
fortified milk group. Mean corpuscular volume was
investigated in two studies(25,36). One study showed sig-
nificant improvements in the fortified milk group(25), but
no difference was found in the other study(36).

Other outcomes
Serum Zn was investigated in five articles(28,31,35,37,38).
None of these studies identified a statistically significant
change in serum Zn concentration as a result of feeding
Zn-fortified milk. Vitamin D was investigated in one study
set in New Zealand; however, both the intervention and
control milks were fortified with vitamin D(27). That study
also had a red meat intervention group and compared
with this group, both milk groups increased mean serum
25-hydroxyvitamin D concentration.

Risk of bias
The risk of bias within studies is shown in Table 3. More
than half of the articles described the method of allocation
sequence generation. It was not practicable to double-blind
all participants in every study. Most studies addressed

Author and reference

Overall (I 2 = 98.1 %, P = 0.000)

Sazawal et al.(31)

Sazawal et al.(38)

Xuan et al.(37)

Virtanen et al.(36)

Morley et al.(29)

Chatchatee et al.(24)

Firmansyah et al.(26)

Year Mean difference
(95 % CI)

0.06 (–0.01, 0.13)

0.17 (0.02, 0.31)

0.21 (0.11, 0.31)

0.13 (0.03, 0.23)

0.47 (0.45, 0.49)

0.20 (0.17, 0.23)

–0.10 (–0.31, 0.11)

0.12 (0.01, 0.23)

14.43

14.32

15.31

14.83

15.28

11.73

14.10

100.00

Weight (%)

0–0.5 0 0.25 0.5

Difference in means (95 % CI)

2014

2011

1999

2010

2010

2001

2013

Fig. 2 (colour online) Forest plot: effect of fortified milk compared with control milk on mean difference in weight gain (kg) among
6–47-month-old children. The study-specific mean difference and 95% CI are represented by the black dot and horizontal line,
respectively; the area of the grey square is proportional to the specific-study weight to the overall meta-analysis. The centre of the
open diamond/vertical dashed line represents the pooled mean difference and the width of the diamond represents the pooled
95% CI. The solid vertical line represents no effect
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incomplete outcome data, but two articles did not state the
exclusion criteria(30,35) and two did not provide attrition
details(27,32). All articles reported primary and secondary
outcomes. The studies were also reviewed for publication

bias. Most studies reported any baseline imbalance
between groups. Four articles (two studies)(27,28,30,34) had
imbalance in the number of participants in the intervention
and control group. Three studies had potential baseline

Table 3 Risk of bias within studies using the modified Cochrane Collaboration’s tool for assessing risk of bias in randomised trials

Selection bias
Performance

bias
Detection

bias Attrition bias
Reporting

bias
Other
bias

Study

Adequate
sequence
generation

Allocation
concealment

Blinding of
participants

and personnel

Blinding of
outcome of
assessment

Exclusion
criteria

Attrition
details

Baseline
imbalance*

Selective
reporting

Funding
source †

Chatchatee et al.
(2014)(24)

+ + + + + + − + +

Daly et al. (1996)(25) ? − − − + + + + ?
Firmansyah et al.

(2011)(26)
+ + + + + + + + +

Houghton et al.
(2011)(27)

+ + + + + ? ? + +

Morgan et al. (2010)(28) + + + + + + ? + +
Morley et al. (1999)(29) + + + + + ? + + ?
Rivera et al. (2010)(30) ? + + + − + ? + +
Sazawal et al. (2010)(31) + + + + + + + + +
Sazawal et al. (2010)(38) + + + + + + + + +
Singhal et al. (2000)(32) + + + + + ? + + ?
Stevens and Nelson

(1995)(33)
? ? + + + + + + ?

Szymlek-Gay et al.
(2009)(34)

+ + + + + + ? + +

Villalpando et al.
(2006)(35)

− + + + − + + + ?

Virtanen et al. (2001)(36) + − + + + + ? + +
Xuan et al. (2013)(37) ? ? + ? + + + + +

+ , low risk; − , high risk or not reported; ?, unclear/unsure.
*Baseline imbalance includes the number in each group and other imbalances between groups.
†If author/s declared that they have no conflict of interest, the article is deemed free of funding source bias.

Overall (I 2= 75.2 %, P= 0.000)

Author and reference

Morley et al.(29)

Villalpando et al.(35)

Daly et al.(25)

Sazawal et al.(31)

Rivera et al.(30)

Szymlek-Gay et al.(34)

Xuan et al.(37)

Stevens & Nelson(33)

Virtanen et al.(36)

Year

1999

2006

1996

2010

2010

2009

2013

1995

2001

0.32 (0.15, 0.66)

OR (95 % CI)

0.14 (0.03, 0.59)

0.44 (0.17, 1.15)

0.07 (0.01, 0.41)

0.13 (0.08, 0.20)

0.39 (0.20, 0.79)

1.85 (0.19, 18.42)

0.82 (0.43, 1.55)

0.10 (0.01, 2.00)

2.54 (0.10, 66.59)

100.00

10.85

9.12

14.27

17.71

16.23

6.62

16.63

4.59

3.98

Weight (%)

Fortified milk  Control milk 

0.001 0.01 0.1 0 1

OR (95 % CI)

10 100

Fig. 3 (colour online) Forest plot: odds of anaemia with fortified milk compared with control milk among 6–47-month-old children.
The study-specific OR and 95% CI are represented by the black dot and horizontal line, respectively; the area of the grey square is
proportional to the specific-study weight to the overall meta-analysis. The centre of the open diamond/vertical dashed line
represents the pooled OR difference and the width of the diamond represents the pooled 95% CI. The solid vertical line represents
no effect

Fortified milk and child nutritional status 1221

https://doi.org/10.1017/S1368980016003189 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980016003189


imbalances, i.e. weight and length(24), biochemical sta-
tus(28,36), but none were deemed sufficiently extreme to
have impacted the study outcome significantly. Only two
articles clearly stated that the determined sample size was
met(24,32). Risk of bias across studies was investigated by
producing a funnel plot from the odds ratio of anaemia at
the end of intervention; the funnel plot showed symmetry,
indicating minimal publication bias (data not shown).

Sensitivity analysis
Sensitivity analysis was conducted for studies that were
deemed as low risk of bias, fulfilling more than five out of
six of the Cochrane quality assessment criteria. Among the
studies considered low risk of bias(24,26,31,38), the mean
weight gain among the intervention group compared with
the control group was 0·12 kg (95% CI 0·03, 0·21 kg), but
an increase in height was not statistically significant. In
studies that reported biomarkers of Fe, two articles were
deemed as low risk of bias(31,34), but it was not feasible to
produce meta-analysis with two articles.

Discussion

The present systematic review investigated the effect of for-
tified milk compared with control milk on the growth and
nutritional status of young children. Even though the included
studies displayed substantial statistical heterogeneity, we
identified some trends in growth parameters and biochemical
markers among children in the intervention group.

The overall effect of fortified milk on weight and height
gain among children in the intervention groups compared
with control groups was minimal, suggesting fortified milk
does not adversely affect growth. Importantly, evidence
presented here suggests that fortified milk does not pro-
mote rapid growth or weight gain, which is known to be
associated with later overweight and obesity(40). Growth
outcomes were slightly higher in studies conducted in
developing economies, possibly because these children
generally experience compromised growth and develop-
ment due to dietary inadequacy(41). In these countries, milk
fortification is often part of a public health intervention
programme; indeed, four articles included in the current
review were evaluating such programmes(30,31,35,38).

Developing countries in Asia account for more than half
of the total stunted children in the world(42). Studies from
Asia included in the current review identified that fortified
milk may be contributing to normal growth potential in
young children(26,31,38). Stunting in childhood is associated
with impaired health and long-term cognitive develop-
ment, and therefore is one of the major public health
priorities(43). Further, in the Indian study(38), the inter-
vention group receiving milk with added synbiotics had
greater weight gain and weight velocity. The authors
suggest that this may be due to reduced incidence of
gastrointestinal disorders or improved nutrient absorption

through regeneration of gut epithelium as a result of
improved gut microbiota profiles. The role of gut micro-
biota in immune system development is well estab-
lished(44) and nutritional status is closely associated with
immune function. Two other Asian studies(26,37) investi-
gating the effect of milk fortified with synbiotics were
based on the premise that synbiotics support immune
function leading to improved health, thereby promoting
normal growth in young children. These studies also
observed statistically significant weight gain among the
intervention group receiving milk fortified with synbiotics.
However, as the role of probiotics is strain- and species-
specific, effectiveness of probiotics on growth outcomes
cannot be generalised from results of these studies alone.

The reviewed studies indicate that children consuming
milk fortified with Fe had improved Fe status, even though
milk is consumed only as part of a whole diet in young
children. Fe deficiency is prevalent among young children,
not only in developing economies but also in developed
economies(45–47). In developing economies, food for-
tification is one of many strategies used to address
undernutrition. Supplementation programmes have pro-
ven effective to address micronutrient deficiencies in
developing economies; however, adverse effects of sup-
plementation with Fe tablets have been reported in
regions with high prevalence of malaria(48). Therefore,
milk fortified with Fe and other micronutrients may be a
safer alternative for addressing nutrient deficiencies with
less risk of overdose and, to date, there has not been any
report of serious adverse effects of fortified milk(17).

A recent Australian study on Fe intake identified a lack
of adequate Fe-rich complementary foods consumed
among young children(49). Efforts to raise public aware-
ness of the importance of Fe-rich complementary foods
are essential. However, availability of such foods is scarce
in developing economies. Furthermore, the New Zealand
study(27,28,34) reviewed here included an intervention
group receiving red meat; however, groups receiving milk
had a significantly higher compliance rate compared with
the meat group. The adherence rates to intervention were
81·4 and 89·4% for the milk groups, whereas only 3·4% of
the meat group consumed the recommended two study
meat dishes per day. These results highlight potential
difficulties in achieving desirable Fe intake from normal
diet alone during the transition period for some children.
In addition, a US-based study identified that fortified foods
and drinks are major contributors to nutrient intakes
of US children and adolescents(50). Together, evidence
presented here supports the effectiveness of fortified milk
under certain circumstances.

Limitations
The present systematic review and meta-analysis provided
robust evaluation of RCT investigating the effect of for-
tified milk in diverse settings, but there are several
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limitations. The included studies were heterogeneous and,
therefore, it is difficult to determine the effective level or
combination of fortification. A general trend in positive
outcomes for serum Fe markers is in line with two pre-
vious systematic reviews and meta-analyses of fortified
foods, including milk, in young children(51,52). Inclusion of
RCT published in the English language only may have
introduced bias.

Despite the benefit of reduction in anaemia, fortified
milk costs more than regular milk. However, Fe-deficiency
anaemia remains the leading cause of years lived with
disability among children and adolescents(53). To date,
there has not been any economic evaluation conducted
specifically for using fortified milk in anaemia reduction.
Plessow et al.(54) evaluated the cost-effectiveness of for-
tified cereal to reduce Fe-deficiency anaemia in 6–23-
month-old children in India, and identified that fortified
cereal is cost-effective to reduce the social costs of Fe-
deficiency anaemia even if it is heavily subsidised. A
review of various Fe fortification programmes in Brazil
also demonstrated that the use of fortified milk was
twenty-five times more cost-effective considering the
estimated mean productivity loss due to Fe-deficiency
anaemia(55).

Young children are consuming milk as part of a whole
diet; it is difficult to determine whether improved growth
and nutritional outcomes were specifically due to fortified
milk or other factors such as dietary intake. However,
studies that investigated dietary intake reported no
differences between the intervention and control groups
in dietary intake(24,25,27–29,32,33,34,36), suggesting the only
point of difference between the groups was fortified milk
consumption. Due to a limited number of studies, it was
not possible to fully evaluate the effect on milk fortification
of other key nutrients such as vitamin D in the current
systematic review. However, observational studies have
also identified improved nutrient intakes, including Fe and
vitamin D, from fortified milk(19,56,57). In diet-related trials,
compliance and leakage can be an issue, and compliance
is often based on self-reports. These are common issues
experienced in any trial, including studies included in the
present review, which may have impacted the observed
results. None of the studies included in the review were
longer than 12 months in duration. Longer-term follow-up
is important to assess other health, clinical and functional
outcomes of using the fortified milk products.

Implications for future research and practice

There is an association between cow’s milk consumption
and diminishing Fe stores among infants and young chil-
dren(58). In the UK-based studies included in the
current systematic review(25,29,32,33), children in the control
group were receiving cow’s milk before 12 months of age.
Removing these studies resulted in an attenuated result

of anaemia reduction. A recent systematic review has
identified that infants consuming cow’s milk have a higher
risk of Fe-deficiency anaemia compared with those
consuming Fe-fortified formula milk(59). These results
highlight the importance of establishing clear recommen-
dations regarding not giving cow’s milk as the main source
of drink before 12 months of age and avoiding excessive
consumption of cow’s milk after 12 months of age.

A growing body of evidence is indicating that higher
protein consumption in early life is associated with
increased risk of overweight later in life(13,14,60). Only four
articles (two studies)(26–28,34) included in the current
systematic review used intervention milk with a dis-
tinctively lower protein content compared with cow’s milk,
but none of these studies assessed body composition.
Future trials using more sophisticated laboratory-based
body composition assessment methods, such as dual-
energy X-ray absorptiometry, may provide more accurate
measures of potential differences in body composition
between children consuming different types of milk.
Recently, a panel of experts in early nutrition developed a
recommendation on the composition of fortified follow-up
formula for young children based on common deficiencies,
to be adapted in each country(18). This recommendation
may assist in developing fortified milk that is more uniform
in composition, based on scientific evidence.

The role of the human gut microbiota in health has been
the subject of considerable scientific interest and research.
Diet, by far, is the most important factor that influences the
gut microbiota population. Prebiotics, probiotics, or in
combination as synbiotics, are used as strategies to
improve the composition of the gut microbiota. Fortifying
milk with synbiotics in the studies included in the present
review was based on the understanding of the inter-
relationship between gastrointestinal function, the
immune system and nutritional status, which ultimately
affects growth in children. Although an increasing amount
of research is indicating that gut microbiota development
is proceeding until about 3 years of age or even
longer(61,62), there is still a paucity of research on gut
microbiota development beyond the first year of life. The
function of milk containing prebiotics and/or probiotics
for young children over 12 months of age should, there-
fore, be further investigated, together with close monitor-
ing of the potential effect on the gut microbial profile,
health and growth outcomes, and dietary intake analysis.

The present systematic review and meta-analysis identi-
fied that consuming fortified milk can improve certain
aspects of nutritional status, particularly Fe, in young chil-
dren. Considering that Fe deficiency is the most common
nutrient deficiency among children in the world, it is an
important public health concern to be addressed.
Undoubtedly, if children are consuming a balanced and
varied diet, fortified milk is not necessary. However, when
adequate nutritious complementary foods are unavailable
or fussy eating behaviour is prevalent during dietary
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transition, children may not be meeting nutritional
requirements for optimal growth and development. Under
such circumstances, fortified milk may be a safe, acceptable
and effective source of complementary nutrition to sup-
plement those children in need, when consumed in
appropriate amounts in addition to a normal diet, until a
better dietary habit can be established. New recommen-
dations on the composition of fortified milk for children
over 12 months of age are now available, and further well-
designed RCT incorporating follow-up beyond 12 months
of duration are warranted to investigate the benefit of for-
tified milk on growth and nutritional outcomes in young
children.
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