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Vil

Editorial

An agenda for research into nutrients in paediatrics

Food and nutrition has been central to human culture, philosophy and science since the beginning
of civilisation. However the building blocks of food and nutrition, the nutrients, remained
unknown until the late 19" century. Over the next 100 years advances in physics, chemistry and
physiology led to rapid developments in our knowledge, first with development of an
understanding of energy and the macronutrients, followed by the minerals and vitamins. The first
vitamins to be explored scientifically were thiamine, vitamin D and C and in 1935 ascorbic acid

was synthesised, beginning the 20" century rapid development of knowledge of nutrients[1].

Recommendations for intakes of nutrients were first made before chemical characterisation had
begun in earnest and the long road to the establishment of formal nutrient recommendations has
been described by Harper[2,3]. Recommendations on the intake of limes containing vitamin C to
prevent scurvy began in the British Navy at the end of the 18" century. Since then times of crisis,
mainly warfare, have stimulated further research into nutrients and improving the nutritional
status (and hence fighting ability) of the population. Early recommendations for intakes were
focussed on adult males, and children were simply not considered. After World War One and the
onset of the Great Depression, the League of Nations established several commissions to
investigate the provision of adequate nutrition for populations and the establishment of nutrient
intake recommendations. In the 1930s the special needs of children and nursing mothers were
considered for the first time in the recommendations of the British Committee on Nutrition [4].
This was followed by the reports of the League of Nations that included recommendations for
nutrients during periods of growth that were extrapolations of adult requirements of the known
macro and micronutrients[3]. In 1941 the Food and Nutrition Board of the National Academy of
Sciences was established and the first edition of the Recommended Dietary Allowances was
published. When commenting on this, Nutrition Reviews noted that the RDAs “emphasize once
more the truth of the opinion that the dietary requirements can be met by a well-chosen diet of
natural foods[5].” Since that time there have been numerous variations of the RDAs published by

national and international organisations under a variety of titles. The cost of development and the



size of documentation has grown exponentially and current volumes of the US Dietary Reference

Intakes occupy a whole shelf[6].

Setting nutrient requirements for children has required different approaches to setting the values
for adults and it is only in the last 50 years that extra effort has been placed on establishing
children’s nutrient requirements. Nutrients cannot be simply extrapolated on the basis of weight
from adults, but must provide for higher metabolic rates and energy expenditure, and growth and
development. In the history of nutrients protein was regarded as the key to infant and child
health. Low levels of protein were associated with poor growth and malnutrition (kwashiorkor)
in children. Although growth is a major consideration for children, it only requires a small
proportion of the total energy and protein requirements. In 1957 Hegsted concluded that “growth
was a minor determinant of protein or other nutrient needs after the first months of life. The
amount of new tissue protein deposited per day in growing children or during the adolescent
growth spurt is very small compared with the total maintenance requirement of protein. This
distinguishes humans and other primate species from common laboratory and domestic
species[7].” More recently the role of early life protein intake in the laying the basis for later
obesity through influencing insulin-like growth factor 1 (IGF-1) levels has been a focus of
research[8,9]. There are important lessons to be learned from the exploration of protein needs of
infants and children and the requirements follow a U-shaped curve. But it is even more complex
as in real life there increased requirements associated with response to illness, injury and periods
of rapid growth.

The establishment of iron requirements for infants and children and the development of
interventions to overcome deficiencies has proved to be complex. Iron deficiency has been
associated with poor growth, reduced cognitive development and ill health [10]. Yet breastmilk
contains only a low level of iron, albeit in a readily bioavailable form [11]. Lactoferrin is
important for transporting iron within the body, but is protective against infection by making iron
unavailable to micro-organisms that require iron for growth[12]. All infant feeding guidelines
recommend the introduction of complementary foods at around 6 months of age which provide
increased amounts of iron. Recent attempts to increase iron supplies for children in developing
countries by genetically modifying foods have not been entirely successful as they have resulted
in increased rates of infection, including malaria[13-15]. This has led to a re-evaluation of how

some nutrient requirements are set and deficiencies are met.



IX

The current agenda for paediatric nutrients research will occupy nutritionists, biochemists,
paediatricians and epidemiologists for many years ahead. Some of the immediate needs to be
answered are to define the interactions and outcomes of nutrient levels with future health and
disease beyond childhood, epigenetics and nutrients, interactions of nutrients with the human
microbiome, sustainability and climate change, ethnicity gene interactions with nutrients.

The developmental origins of health and disease (DOHAD) hypothesis has added new emphasis
to early life nutrition. How nutrition and growth influence later chronic disease has been the
subject of many observational studies[16-18]. Future developments will probably rely on animal,
perhaps primate models and the use of laboratory studies, as longer term prospective human
studies are not feasible. The implications for setting of nutrient requirements may be far reaching
—no longer is deficiency or short term growth the criteria, but long term life-course outcomes

must be considered.

In recent years there has been considerable interest in the human microbiome and long term
health outcomes following the initiative of the National Institutes of Health to sponsor research in
this field[19]. It is well known that in the human body microbial cells outnumber human cells at
least ten-fold. But what is not known is how they influence nutrient requirements, particularly in
early life when the stable microbiome is being finalised. Malnutrition has an effect on the
establishment of a stable microbiome[20]. Dysfunction of the microbiome has been linked to
disorders as diverse as obesity, under-nutrition, diabetes and gastro-intestinal cancer[21-23]. It
can be anticipated that nutrient- microbiome interaction will become an important area for

nutrient research.

For infants the gold standard of nutrition and for nutrients is breastmilk. Many of the nutrients
contained in breastmilk are in relatively low concentrations, but in highly bioavailable forms[24].
In the development of infant formula nutrients such as iron have to be included in greater
concentrations than in breastmilk to adjust for the bioavailability[25]. Breastmilk is the most
sustainable of infant foods in an era where resources, climate change and sustainability are
paramount. A recent report of the Institute of Medicine explored current and emerging
knowledge on nutrients in the light of the increasing environmental constraints on the food

system[26]. This will continue to be an important area of research as climate affects different



aspects of nutrition, for example bioavailablity. All of these emerging issues meant that it is

likely that there will be further special issues of “Nutrients” devoted to paediatric concerns.

In this “‘Nutrients’ special collection we present a range of paediatric papers. The first section of
reviews contains papers on two important topics. UNICEF estimates that more than 500000
children die every year of diarrhoeal disease, and most could be prevented or treated with
relatively simple interventions[27]. The recent Global Burden of Disease study also confirms the
continuing burden of mortality and morbidity form diarrhoeal disease in children[28]. The
systematic review by Lamberti and colleagues confirms the value of zinc supplementation in the

management of diarrhoea and endorses the current WHO recommendations.

Six of the papers relate to breastfeeding and there are several more on early infancy reflecting
the importance of breastfeeding in early nutrition and in influencing life course nutrition. The
paper by Imai et al joins a large number of observational studies that show an association
between early nutrition and growth and later obesity. In this study infant feeding method and the
early introduction of solids are associated with a higher BMI. The ethical impossibility of
randomised controlled trials of breastfeeding and obesity means that we have to rely on the
weight of observational studies and recognise that residual confounding may persist. Other
papers document the optimal nutrients provided by breastmilk, supporting the continued
promotion of breastfeeding. There are two papers that document the provision of nutrients from
supplements in children, an area that will need continuing study to ensure that supplement use is
appropriate. The special issue concludes with several papers on methodology in nutrient and
body composition research.

The papers selected for this special collection illustrate the breadth of paediatric research, but
there are still many scientific challenges remaining. There is still great potential for improvement
in the health of children through nutrition and understanding of nutrient requirements,

metabolism and social context is important to realising these potential health gains.

Dr. Mi Kyung Lee BSc MA PhD and Prof Colin Binns MBBS MPH PhD
Guest Editors
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Abstract: Evidence supporting the impact of therapeutic zinc supplementation on the
duration and severity of diarrhea among children under five is largely derived from
studies conducted in South Asia. China experiences a substantial portion of the global
burden of diarrhea, but the impact of zinc treatment among children under five has not
been well documented by previously published systematic reviews on the topic. We
therefore conducted a systematic literature review, which included an exhaustive search
of the Chinese literature, in an effort to update previously published estimates of the
effect of therapeutic zinc. We conducted systematic literature searches in various
databases, including the China National Knowledge Infrastructure (CNKI), and
abstracted relevant data from studies meeting our inclusion and exclusion criteria. We
used STATA 12.0 to pool select outcomes and to generate estimates of percentage
difference and relative risk comparing outcomes between zinc and control groups.



We identified 89 Chinese and 15 non-Chinese studies for the review, including studies
in 10 countries from all WHO geographic regions, and analyzed a total of 18,822 diarrhea
cases (9469 zinc and 9353 control). None of the included Chinese studies had
previously been included in published pooled effect estimates. Chinese and non-Chinese
studies reported the effect of therapeutic zinc supplementation on decreased episode
duration, stool output, stool frequency, hospitalization duration and proportion of
episodes lasting beyond three and seven days. Pooling Chinese and non-Chinese studies
yielded an overall 26% (95% CI: 20%-32%) reduction in the estimated relative risk of
diarrhea lasting beyond three days among zinc-treated children. Studies conducted in
and outside China report reductions in morbidity as a result of oral therapeutic zinc
supplementation for acute diarrhea among children under five years of age. The WHO
recommendation for zinc treatment of diarrhea episodes should be supported in all
low- and middle-income countries.

Keywords: zinc; children; global health; China

1. Introduction

In response to mounting evidence supporting the efficacy and effectiveness of therapeutic zinc
supplementation for diarrhea among children under five years of age, the World Health
Organization (WHO) and the United Nation’s Children Fund (UNICEF) issued a global
recommendation in 2004, which advised zinc supplementation in addition to oral rehydration
solution (ORS) for the treatment of all diarrhea episodes among children <5 years of age [1,2].
Systematic reviews have quantified the association between therapeutic zinc supplementation and a
reduction in the duration and severity of childhood diarrhea episodes in low- and middle-income
countries (LMICs) [1,3,4]. Many of the studies contributing to this body of evidence were
conducted in South Asia [5-7], but literature stemming from East Asia has not been included in
past reviews. In 2011, Zhang published a systematic review which identified 11 Chinese studies
assessing zinc treatment for diarrhea and signified the need to update previous meta-analyses with
literature published in languages other than English [8].

We sought to conduct an extensive search for studies of oral therapeutic zinc supplementation
published in Chinese and any other language. We also aimed to combine evidence across regions in
order to generate global estimates of the effect of oral therapeutic zinc supplementation on selected
morbidity and mortality outcomes among children under five years of age.

2. Methods

We conducted a systematic literature search for studies published in any language between 1980
and November 2012 using the MeSH search terms “zinc” and “diarrhea” limited to “humans” in
the following databases: Biosis, Cumulative Index to Nursing and Allied Health (CINAHL),
Cochrane Central Register of Controlled Trials (CENTRAL), Embase, the WHO International



Clinical Trials Registry Platform (ICTRP), Global Health, Latin American and Caribbean Health
Sciences Literature (LILACS), PubMed, Scopus, Web of Science, IndMed, Egyptian Universities
Library Consortium, Index Medicus for the Eastern Mediterranean Region (IMEMR), China
National Knowledge Infrastructure (CNKI), WanFang, and Chinese BioMedical (CBM) database.

Titles and abstracts were reviewed by two independent reviewers, and complete manuscripts
were obtained for further review of pertinent studies. Discrepancies were resolved in consultation
with a third reviewer. We restricted inclusion to individually randomized controlled trials (RCTs)
of children under five years of age with acute diarrhea, including dysentery, where diarrhea was
defined as the passage of at least three loose or watery stools in a 24-h period. We excluded cluster
RCTs, studies that exclusively enrolled a particular subgroup of children (e.g., HIV-infected
children; preterm infants), and studies of persistent diarrhea. We included RCTs assessing oral zinc
supplementation of any zinc salt in comparison to a control group receiving placebo supplement.
For studies conducted in China, where placebo supplements may not have been readily available,
we included trials in which cases received the same supportive therapy regardless of zinc
allocation. For all studies, administration of minerals (excluding iron), vitamins, and supporting
therapy beyond zinc were only considered acceptable if these were received by both the
intervention and control groups. Studies that used supplements that included iron, zinc-fortified
ORS, or zinc-fortified foods were excluded.

Included studies were reviewed for the following outcomes: diarrhea duration; the proportion of
diarrhea episodes lasting >3 and >7 days; duration of hospitalization; duration of fever; duration of
vomiting; proportion of cases vomiting; stool frequency (number per day); stool output (mL); and
death from diarrhea or any cause. Two independent reviewers entered data into structured tables,
and discrepancies were resolved in consultation with a third reviewer.

We conducted independent analyses for studies assessing diarrhea due to unspecified causes and
those assessing specific pathogens (e.g., rotavirus) that were laboratory confirmed prior to
enrollment. All data analyses were conducted in STATA 12.0 [9]. We fit Poisson and logistic
regression models to continuous and binary outcomes, respectively, weighting all outcomes by
sample size. These models generated pooled estimates and 95% confidence intervals lower bound
by zero for all outcomes and upper bound by one for proportions.

For continuous outcomes, we calculated the overall percentage difference between the pooled
estimates for the zinc and control groups. For binary outcomes, we calculated estimates of relative
risk (RR) with placebo as the reference group and conducted random effects meta-analyses to
combine RRs across studies [9].

We conducted hypothesis testing to assess the equivalence of pooled outcomes and of effect
estimates by placebo and non-placebo controlled trials. To compare effect estimates, we tested the
difference of mean percentage differences for continuous outcomes and the ratio of relative risks
(RRR) for binary outcomes [10]. We subsequently pooled placebo and non-placebo controlled
trials for outcomes with no statistically significant difference in effect size.

We assessed the association between the dose of oral zinc supplement and diarrhea duration by
regressing the mean percentage difference in diarrhea duration comparing the zinc and control



groups onto a categorical variable which indicated whether zinc dose was lower than, equal to, or
greater than the WHO recommendation.

During the course of our analyses, we identified a zinc product called Licorzinc that appeared to
be unique to China. To determine whether outcomes for Chinese studies were generalizable
comparing Licorzinc to other better established zinc products, we conducted hypothesis testing to
assess the equivalence of the mean percentage difference in episode duration between zinc and
placebo. We also calculated the RRR to compare the RR of episodes lasting >3 days between
studies using Licorzinc and other zinc products.

We plotted funnel plots to assess our primary outcomes for publication bias. We also employed
the Child Health Epidemiology Reference Group (CHERG) grading system to assess the quality of

99 <¢

evidence for each outcome on a four-point scale (“high”, “moderate”, “low”, “very low”) [11].

3. Results

The systematic literature search of the non-Chinese databases uncovered 4038 titles, and 15
were included after subsequent review of abstracts and full manuscripts for inclusion and exclusion
criteria (Figure 1) [5-7,12-23]. Of the included studies, 13 were conducted in a hospital setting and
two assessed episodes occurring in the community. Included studies were conducted in sites
located within 10 countries: India (n = 6); Bangladesh (n = 5); Nepal (n = 1); Turkey (n = 1),
Brazil (n = 1); Pakistan (n = 1); Ethiopia (n = 1); Yemen (n = 1); and Poland (n = 1). These
studies enrolled a total of 3271 zinc-allocated and 3314 placebo-allocated diarrhea cases.
The systematic literature search for Chinese studies resulted in 1520 titles, of which 89 were
included (Figure 1) [24-112]. All included studies were conducted in a hospital setting, and 33
studies focused on diarrhea attributable to laboratory confirmed rotavirus. None of the included
studies identified through the Chinese database were placebo-controlled; for Chinese studies, zinc
and control groups received a range of supportive treatments, including fluid infusion, probiotics
and antivirals. The total enrolment of included Chinese studies was 6198 zinc group and 6039
control group diarrhea cases. Table 1 describes the trial setting, sample size, and zinc intervention
for all included studies.



Figure 1. Results of systematic literature search and review.

5,558 unique titles

—D{ 4038 non-Chinese + 1520 Chinese titles screened
v
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The results of the studies identified through non-Chinese databases are summarized in Tables 2
and 3. Acute episodes were 4% (95% CI: 1%—8%) shorter in duration among children treated with
zinc compared to those receiving placebo (Table 2). Among children hospitalized for diarrhea, the
duration of hospitalization was reduced by 37% (95% CI: 21%-53%) comparing the zinc and
control groups (Table 2). Stool frequency was decreased by 6% (95% CI: 2%—-10%) among
zinc-treated children. Zinc-treated children had a reduced relative risk (RR) of acute diarrhea
lasting beyond three and seven days and an increased risk of vomiting (RR: 1.83; 95% CI:
1.40-2.39) (Table 3).

Table 2. Pooled means of select outcomes for non-Chinese studies.

Study Pooled Mean . 3
P t Diff
Outcome Sites ' (95% CI) * ereent Ditference
N Zinc Group Control Group (%)
Duration of
13 3.51(3.43-3.60 3.67 (3.59-3.76 —4.4(-7.8,-1.0
Episode (days) ( ) ( ) 78, )
Duration of
1 2.00 (1.99-2.01 3.17 (2.38-3.96 -36.9 (-52.6,—-21.2
Hospitalization (days) ( ) ( ) ( ’ )
Stool Output (mL) 2 391.2 (388.5-393.8) 388.8 (386.2-391.5) 0.6 (0.3, 1.6)
Stool Frequency
6 5.04 (4.88-5.19 5.36 (5.20-5.52 —6.0 (9.9, 2.0
(Number per day) ( ) ( ) ( )

" Individual studies may contribute more than one study site (V) to each estimate; > Estimates for>2
study sites generated by Poisson regression model weighted by sample size; * Percent difference
calculated by: 100 x ((Pooled Zinc Estimate — Pooled Control Estimate)/Pooled Control Estimate); 95%
CI calculated by: Percent Difference + 1.96 x {|(mean,;,./mean,,nqo)| * sqrt[(std <-‘:r1rorzinc)2/(meanzinc)2 +

(Std errorcomro1)2/(meancomrol)2]} % 100.

Table 3. Pooled relative risk of select outcomes for non-Chinese studies.

Stud Pooled Estimate . .
Outcome Sites}; Percentage (95% CI) * ERlt R R RS
N Zinc Group Control Group RR (95% CI)
Episodes > 3 days (%) 3 29.7 (26.7-32.7) 39.5(36.3-42.7) 0.78 (0.67-0.90)
Episodes > 7 days (%) 6 10.3 (8.9-11.7) 14.9 (13.2-16.5) 0.74 (0.55-0.99)
Vomiting (%) 3 18.8 (16.0-21.6) 9.4 (7.3-11.4) 1.83 (1.40-2.39)

" Individual studies may contribute more than one study site (V) to each estimate; > Estimates for>2
study sites generated by logistic regression model weighted by sample size; * Estimates for>2 studies

generated by random effects meta-analysis.

Outcomes pooled across studies conducted in China showed reductions in the duration of
diarrhea, hospitalization, fever, vomiting, stool output and stool frequency among zinc-treated
children with acute diarrhea attributable to rotavirus and to non-specific causes (Table 4). The
reduction in the duration of diarrhea was 37% (95% CI: 35%-39%) among non-specific episodes
and 31% (95% CI: 29%-34%) among rotavirus episodes (Table 4). The RR of diarrhea lasting
beyond three days was reduced among zinc-treated patients with non-specific (RR: 0.73; 95% CI:
0.66—0.79) and rotavirus (RR: 0.70; 95% CI: 0.63—0.78) diarrhea (Table 5; Figures 2 and 3).



Table 4. Pooled means of select outcomes for Chinese studies.
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Specific Study Pooled Mean . 2
) N 2 Percent Difference
Outcome Causative Sites 95% CI)
Pathogens N Zinc Group Control Group (%)
Duration of Unknown 40 2.96 (2.90-3.03) 4.68 (4.60-4.77) —36.8 (—38.7, —34.8)
Episode (days) Rotavirus 24 3.45(3.36-3.54) 5.01 (4.89-5.12) —31.1(-33.5, -28.8)
Duration of Unknown 10 4.65 (4.50—4.80) 6.43 (6.25-6.61) —27.7 (-30.8, —24.6)
Hospitalization .
Rotavirus 2 4.15(3.794.51) 6.1 (5.66-6.54) —32.0 (-39.6, —24.3)
(days)
Duration of Unknown 13 1.90 (1.80-1.99) 2.81(2.70-2.92) —32.4 (-36.5,-28.2)
Fever (days) Rotavirus 4 1.96 (1.78-2.14) 3.18 (2.95-3.41) —38.4 (—45.6,-31.2)
Duration of Unknown 6 1.15 (1.05-1.25) 1.53 (1.41-1.64) —24.8 (-33.3,-16.4)
Vomiting (days) Rotavirus 3 1.84 (1.64-2.04) 2.49 (2.26-2.72) —26.1 (—36.6, —15.6)
Unknown 1 40 (38.1-41.9) 70 (68.0-72.0) —42.9 (—46.0, -39.7)
Stool Output (mL) .
Rotavirus 1 278.4 (256.8-300.0) 425.4 (382.1-468.7)  —34.6 (—42.9,-26.2)
Stool Frequency Unknown 1 4(3.84.2) 8 (7.6-8.4) —50.0 (—53.5, —46.5)
(Number per day) Rotavirus 2 3.74 (3.30-4.18) 4.27 (3.77-4.77) -12.4(-27.0, 2.1)

! Individual studies may contribute more than one study site (N) to each estimate; > Estimates for>2 study sites
generated by Poisson regression model weighted by sample size; * Percent difference calculated by: 100 x ((Pooled
Zinc Estimate — Pooled Control Estimate)/Pooled Control Estimate); 95% CI calculated by: Percent Difference +

1.96 x {‘(meanzinc/meancomrol)l x Sqrt[(Std errorzinc)z/(rneanzinc)2 + (Std errorcontro1)2/(meancomml)2]} % 100.

Table 5. Pooled relative risk of select outcomes for Chinese studies.

Specific Study Pooled Estimate Percentage ) .
Outcome Cal:lsative Sites ' (95% CI) * Relative Risk *
Pathogens N Zinc Group Control Group RR (95% CI)
Episodes >3  Unknown 44 31.4(29.4-33.5) 49.2 (46.6-51.8) 0.73 (0.66—0.79)
days (%) Rotavirus 29 31.8(29.5-34.1) 50.3 (47.4-53.3) 0.70 (0.63-0.78)
Episodes > 7 rnown 1 26.9 (-) 39.2 (9) 0.75 (0.42-1.37)
days (%)

! Individual studies may contribute more than one study site (N) to each estimate; > Estimates for>2
study sites generated by Poisson regression model weighted by sample size; * Estimates for>2 studies
generated by random effects meta-analysis.

We did not identify any studies reporting diarrhea-specific or all-cause mortality for inclusion in
this review. Nor did we identify non-Chinese studies reporting duration of fever or vomiting, or
Chinese studies reporting the proportion of children vomiting.

The mean episode duration and proportion of episodes lasting >3 days were not statistically
significantly different comparing zinc-treated children in Chinese and non-Chinese studies. There
was no statistically significant difference between the estimated relative risk of an episode lasting
>3 days (RRR: 1.07; 95% CI: 0.90-1.27) comparing Chinese and non-Chinese studies; therefore,
we pooled this outcome across regions (RR: 0.74; 95% CI: 0.68-0.80) (Figure 3). The percentage
difference between the mean episode duration of zinc-treated and control group children was
statistically significantly larger for Chinese compared to non-Chinese studies (p < 0.05), so this
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outcome was not pooled across regions. We did not have sufficient power to compare other
commonly reported outcomes by region.

Figure 2. Forest plot for the effect of therapeutic zinc supplementation on Rotavirus
diarrhea episodes >3 days.

Risk Ratio (95% CI) % Weight
Chen Jing 0.65(0.44-0.97) 4.2
Chen Liquiong 0.30(0.07-1.30) 0.5
Chen Qiugin 0.92(0.70-1.22) 6.0
Chun-Hua Kang 0.72(0.51-1.00) 5.1
Dong-Sheng Shen 8(53;3 :82:(1);:; ;g
Fu Yingxin . .33-0. .
Guan Yingwei 0.22(0.05-0.93) 0.5
Hong Yan 0.91(0.64-1.28) 5.0
Hu Xiang 0.50(0.30-0.81) 3.3
Ji-Ling Xie 0.87 (0.69-1.10) 6.8
_-_
Lin Cai 0.89(0.64-1.24) 5.1
Lu Junping 0.88(0.38-2.03) 1.5
Luo Liman 0.58(0.33-1.01) 2.7
Ming Su 0.69 (0.48-0.99) 4.7
Pu Zhiping 0.35(0.10-1.20) 0.7
Rui-chun Liu 0.65 (0.42-1.00) 3.9
Wu Wanliang 0.82(0.53-1.28) 3.8
Xiao-Jun Xu 0.65 (0.42-1.00) 3.8
Xiao-Ling Zhang - ggg :8;;833 12
Xun Zhou . .09-0. .
Yang Ying 0.86 (0.70-1.07) 7.2
Yan-Ling Qiu 0.64 (0.40-1.03) 3.4
Yin-Yong He 0.90(0.65-1.26) 5.1
Zhang Juan 0.62 (0.40-0.97) 3.7
Zhang Wanyu 0.65(0.37-1.15) 2.7
Zhao Yan 0.95 (0.66-1.36) 4.7
Zhong Zhaowia 0.70(0.45-1.07) 3.8
Zhou Xiongfei 0.63(0.34-1.14) 2.5
Zhu-Neng Huang 0.10(0.02-0.42) 0.6
_.7
Pooled Chinese 0.70(0.63-0.78) 100
1

2

Zinc dose was not associated with the mean percent difference in diarrhea duration comparing

zinc and control children for non-Chinese (p = 0.50) or Chinese (p = 0.12) studies. Comparing

Chinese studies that used Licorzinc to those that used other zinc supplements, there were no

statistically significant differences in the mean percent difference in the duration of rotavirus
episodes (p = 0.56), the RR of non-specific episodes lasting >3 days (RRR: 0.99; 95% CI: 0.72—
1.35), or the RR of rotavirus episodes lasting >3 days (RRR: 0.93; 95% CI: 0.68-1.26).
The percentage difference in the mean duration of non-specific episodes comparing zinc and

control group children was statistically significantly higher for Licorzinc compared to “other zinc”

studies (p = 0.01).

Our assessment of publication bias yielded largely symmetrical funnel plots for all outcomes.
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Under the CHERG grading system, the studies included in this review were of moderate quality
(Table 6) [11]. Effect estimates were largely consistent in directionality for all outcomes.

Figure 3. Forest plot for the effect of therapeutic zinc supplementation on non-specific
diarrhea episodes lasting >3 days.
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4. Discussion

The findings of our systematic review confirm and highlight the benefits of therapeutic zinc
supplementation for diarrhea among children under five years of age in low- and middle-income
countries. The effects of zinc treatment, which include reductions in episode duration, stool output,
stool frequency and length of hospitalization, were consistent across Chinese and non-Chinese studies
and non-specific and rotavirus diarrhea. These results suggest that zinc therapy of diarrhea is largely
beneficial and important in both low- and middle-income settings.

The results of the large number of Chinese trials in rotavirus diarrhea are a substantial addition to
the global evidence base because there have been no non-Chinese trials. One study in India based on a
post-hoc subgroup analysis suggested that zinc treatment was not beneficial for rotavirus diarrhea [113];
however, the evidence from China demonstrates that therapeutic zinc supplementation reduces the
duration and severity of rotavirus episodes. As rotavirus is the predominant cause of severe acute
diarrhea worldwide and most likely the leading cause of diarrhea mortality [114], zinc treatment of
rotavirus diarrhea could potentially yield large reductions in hospitalizations and deaths.

In comparison to non-Chinese studies, the difference between the mean episode duration of zinc-
treated and control group children was statistically significantly higher for Chinese studies
(p < 0.05). It is possible that this difference resulted from lack of placebo-controlled groups and
blinding among Chinese studies. However, estimates of the effects of therapeutic zinc supplementation
on other outcomes were largely consistent across study locations and we were able to generate a
pooled global effect size for the proportion of episodes >3 days. The consistency of effect estimates
between studies conducted in and outside China suggests that the lack of placebo-controlled groups in
Chinese studies did not greatly bias the results.

Zinc dose did not affect the estimate of the effect of zinc supplementation on the duration of
diarrhea for non-Chinese or Chinese studies. Although Licorzinc was associated with slightly greater
reductions in the mean duration of non-specific diarrhea than other zinc products, zinc effect sizes
were generally comparable across Chinese studies regardless of type of zinc preparation.

There is a dearth of literature meeting our inclusion criteria that assessed diarrhea-specific and
all-cause mortality. Although a previous review published mortality effect estimates [4], the sole
study reporting diarrhea-specific deaths was cluster-randomized and thus violated our inclusion
criteria [115]. In addition, three studies of all-cause mortality were also excluded from our review; one
was on persistent diarrhea [116], and two others were review papers [3,117].

Using previously published scoring criteria, the studies included in our review yielded pooled
estimates of overall moderate quality [11]. The majority of studies contributing to this review were
conducted in China and South Asia; however, studies conducted outside Asia were consistent in the
directionality of effect estimates. The consistency and quality of all outcomes bolsters the evidence in
support of oral zinc supplementation for the treatment of acute diarrhea among children under five in
low- and middle-income countries.
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5. Conclusions

Oral therapeutic zinc supplementation reduces the morbidity of acute diarrhea among children
under five in and outside China. Global efforts should be made to support scale-up of the WHO
recommended regimen of therapeutic zinc in all regions.

Authors’ Contributions

LML conducted the systematic review of non-Chinese studies, analysis and led the initial
manuscript preparation. CLFW assisted with the analysis and the manuscript preparation. KC and
WY1 conducted the systematic review of Chinese studies. REB conceptualized the idea and assisted
with the interpretation of the analysis and the final manuscript preparation.

Acknowledgments

We would like to thank Wei-Ju Chen, Xun Luo and Wenze Zhang for reviewing and abstracting
data from Chinese publications. Financial support for this review was provided by the Bill and
Melinda Gates Foundation to the US Fund for UNICEF for the ongoing work of the Child Health
Epidemiology Reference Group (CHERG).

Conflicts of Interest
The authors declare no conflict of interest.

References

1.  Fischer-Walker, C.; Lamberti, L.; Roth, D.; Black, R. Zinc and Infectious Diseases. In Zinc in
Human Health; Rink, L., Ed.; IOS Press: Amsterdam, The Netherlands, 2011; pp. 234-253.

2. WHO/UNICEEF. Joint Statement: Clinical Management of Acute Diarrhoea; WHO/UNICEF:
New York, NY, USA, 2004.

3. Lazzerini, M.; Ronfani, L. Oral zinc for treating diarrhoea in children. Cochrane Database Syst. Rev.
2013, 7, doi:10.1002/14651858.CD005436.

4.  Fischer Walker, C.L.; Black, R.E. Zinc for the treatment of diarrhoea: Effect on diarrhoea
morbidity, mortality and incidence of future episodes. Int. J. Epidemiol. 2010, 39, 163—-169.

5. Sachdev, H.P.; Mittal, N.K.; Mittal, S.K.; Yadav, H.S. A controlled trial on utility of oral zinc
supplementation in acute dehydrating diarrhea in infants. J. Pediatr. Gastroenterol. Nutr. 1988,
7, 877-881.

6. Sazawal, S.; Black, R.E.; Bhan, M.K.; Bhandari, N.; Sinha, A.; Jalla, S. Zinc supplementation in
young children with acute diarrhea in India. N. Engl. J. Med. 1995, 333, 839-844.

7. Bahl, R.; Bhandari, N.; Saksena, M.; Strand, T.; Kumar, G.T.; Bhan, M.K.; Sommerfelt, H.
Efficacy of zinc-fortified oral rehydration solution in 6- to 35-month-old children with acute
diarrhea. J. Pediatr. 2002, 141, 677-682.

8.  Zhang, J.S. Efficacy and effectiveness of 20 child health interventions in China: Systematic
review of Chinese literature. J. Glob. Health 2011, 1, 87-95.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

22

Stata Statistical Software, release 12; StataCorp LP: College Station, TX, USA, 2011.

Altman, D.G.; Bland, J.M. Interaction revisited: The difference between two estimates. BMJ
2003, 326, 219.

Walker, N.; Fischer-Walker, C.; Bryce, J.; Bahl, R.; Cousens, S. Standards for CHERG reviews
of intervention effects on child survival. Int. J. Epidemiol. 2010, 39, 121-31.

Faruque, A.S.; Mahalanabis, D.; Haque, S.S.; Fuchs, G.J.; Habte, D. Double-blind, randomized,
controlled trial of zinc or vitamin A supplementation in young children with acute diarrhoea.
Acta Paediatr. 1999, 88, 154-160.

Roy, S.K.; Tomkins, A.M.; Haider, R.; Behren, R.H.; Akramuzzaman, S.M.; Mahalanabis, D.;
Fuchs, G.J. Impact of zinc supplementation on subsequent growth and morbidity in Bangladeshi
children with acute diarrhoea. Eur. J. Clin. Nutr. 1999, 53, 529-534.

Strand, T.A.; Chandyo, R.K.; Bahl, R.; Sharma, P.R.; Adhikari, R.K.; Bhandari, N.; Ulvik, R.J.;
Molbak, K.; Bhan, M.K.; Sommerfelt, H. Effectiveness and efficacy of zinc for the treatment of
acute diarrhea in young children. Pediatrics 2002, 109, 898-903.

Polat, T.B.; Uysalol, M.; Cetinkaya, F. Efficacy of zinc supplementation on the severity and
duration of diarrhea in malnourished Turkish children. Pediatr. Int. Off. J. Jpn. Pediatr. Soc.
2003, 45, 555-559.

Brooks, W.A.; Santosham, M.; Roy, S.K.; Faruque, A.S.; Wahed, M.A.; Nahar, K.; Khan, A.L;
Khan, A.F.; Fuchs, G.J.; Black, R.E. Efficacy of zinc in young infants with acute watery
diarrhea. Am. J. Clin. Nutr. 2005, 82, 605-610.

Al-Sonboli, N.; Gurgel, R.Q.; Shenkin, A.; Hart, C.A.; Cuevas, L.E. Zinc supplementation in
Brazilian children with acute diarrhoea. Ann. Trop. Paediatr. 2003, 23, 3-8.

Larson, C.P.; Hoque, A.B.; Khan, A.M.; Saha, U.R. Initiation of zinc treatment for acute
childhood diarrhoea and risk for vomiting or regurgitation: A randomized, double-blind,
placebo-controlled trial. J. Health Popul. Nutr. 2005, 23, 311-319.

Fischer Walker, C.L.; Bhutta, Z.A.; Bhandari, N.; Teka, T.; Shahid, F.; Taneja, S.; Black, R.E.
Zinc supplementation for the treatment of diarrhea in infants in Pakistan, India and Ethiopia.
J. Pediatr. Gastroenterol. Nutr. 2006, 43, 357-363.

Patel, A.; Dibley, M.J.; Mamtani, M.; Badhoniya, N.; Kulkarni, H. Zinc and copper
supplementation in acute diarrhea in children: A double-blind randomized controlled trial. BMC
Med. 2009, 7, 22.

Elnemr, M.A.M.; Abdullah, A.K. Effect of zinc supplementation on morbidity due to acute
diarrhoea in infants and children in Sanaa, Yemen: A randomized controlled double blind clinical
trial. Sultan Qaboos Univ. Med. J. 2007, 7, 219-225.

Patro, B.; Szymanski, H.; Szajewska, H. Oral zinc for the treatment of acute gastroenteritis in
Polish children: A randomized, double-blind, placebo-controlled trial. J. Pediatr. 2010, 157,
984-988. el.

Dutta, P.; Mitra, U.; Dutta, S.; Naik, T.N.; Rajendran, K.; Chatterjee, M.K. Zinc, vitamin A, and
micronutrient supplementation in children with diarrhea: A randomized controlled clinical trial of
combination therapy versus monotherapy. J. Pediatr. 2011, 159, 633—-637.

Zhao, L.; Li, X.; Sun, W. 40 Cases of oral licorzinc asist treatment of diarrhea. Chin. J. Esthet.
Med. 2011, 20, 455 (in Chinese).



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

23

Zhang, L. The effect of supplement zinc orally assist treatment on autumal diarrhea. Mod. Hosp.
2009, 9, 54-56 (in Chinese).

Lin, C.; Li, Q.; Zhang, M. Observation ofthe therapeutic efficiacy of oral zinc supplement with
infantile rotaviral enteritis. Contemp. Med. 2010, 16, 8—10 (in Chinese).

Zhou, X.; Sun, Y.; Ouyang, J. Analysis on the therapeutic and preventative effects of zinc
supplement on rotavirus enteritis in children. J. Xianning Univ. 2010, 24, 401-403 (in Chinese).
Yang, H. Clinical analysis of oral zinc adjuvant treatment for infants with acute diarrhea.
China Mod. Med. 2011, 18, 7 (in Chinese).

Liu, G. Clinical observation on the therapeutic efficacy of oral zinc supplement in infants with
acute diarrhea. J. Qiaihar Med. Coll. 2010, 31, 1416 (in Chinese).

Chen, L.; Bao, Y.; Gao, S. The comparison of the therapeutic effects on children diarrhea treated
with smecta and oral zinc. J. Pediatr. Pharm. 2006, 12, 2627 (in Chinese).

Liu, H.; Nie, X. Chinical observation on the therapeutic efficacy of oral zinc supplement in
infants with diarrhea. Pract. Clin. Med. 2011, 12, 86—88 (in Chinese).

Liu, X.; Lan, X. Therapeutic effect of oral Zinc preparation on infantile diarrhea. /nt. Med.
Health Guid. News 2009, 15, 74-75 (in Chinese).

Fu, Y.; Zhang, W. Chinical analysis on the therapeutic efficacy of oral zinc supplement in infants
with rotavirus enteritis. Guide China Med. 2010, 8, 260-262 (in Chinese).

Zhou, G. Clinical efficacy of licorzinc in treatment of infantile acute diarrhea. Youjiang Med. J.
2008, 36, 573-574 (in Chinese).

Chen, J. Clinical efficacy of licorzinc in treatment of infantile autumal diarrhea. J. Huaihai Med.
2008, 26, 442 (in Chinese).

Guan, Y.; Yingwei, Y.; Yu, J.; Zhou, Y. Clinical efficacy of licorzinc in treatment of infantile
rotavirus enteritis. Stud. Trace Elem. Health 2012, 29, 21-22 (in Chinese).

Wu, W.; Li, F. 46 Cases of licorzinc in treatment of infantile rotavirus enteritis. Shaanxi J.
Tradit. Chin. Med. 2010, 31, 296-297 (in Chinese).

Zhou, Y. Clinical observation of licorzinc treatment for children with diarrhea. Contemp. Med.
2010, /6, 20-21 (in Chinese).

Luo, L.E.A. Clinical observations on curative effects of licorzinc particles in adjuvant treating
rotavirus enteritis. Clin. J. Med. Off. 2009, 37, 862—863 (in Chinese).

Zhang, S.; Wei, M. Observation of therapeutic effect of licorzinc granules adjuvant treatment for
children with autumn diarrhea. Gems Health 2010, 5, 127128 (in Chinese).

Ju, Z.; Zhang, Y.; Teng, L. Observation of therapeutic effect of licorzinc granules adjuvant
treatment for children with autumn diarrhea. Shanxi Med. J. 2007, 36, 661 (in Chinese).

Wang, L. Observation of therapeutic effect of licorzinc granules treatment for 30 cases of
children with autumn diarrhea. Chin. Pediatr. Integr. Tradit. West. Med. 2012, 4, 168—169
(in Chinese).

Hong, Y.; Wang, Z.; Shen, C. Clinical analysis of zinc sulfate adjuvant treatment for children
with rotavirus enteritis. Zhejiang Clin. Med. J. 2009, 11, 845-846 (in Chinese).

Lin, G.; Wang, J.; Zhou, T. Observation of therapeutic effect of zinc sulfate treatment for 46
cases of autumn diarrhea. Stud. Trace Elem. Health 1994, 11, 61-62 (in Chinese).



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

24

Yan, M.; Liu, Y. Clinical analysis on efficacy of zinc sulfate in adjuvant treating 120 children
with diarrhea. J. Taishan Med. Coll. 2011, 32, 303 (in Chinese).

He, S.; Quan, Y.; Li, S. Determination of zinc in hair from infant patients with diarrhea and
observation of curative effect with a supply of zinc. Guangdong Trace Elem. Sci. 1997, 4, 42—43
(in Chinese).

Wei, S. Observation of therapeutic effect of zinc gluconate treatment for children with acute
diarrhea. Youjiang Med. J. 2011, 39, 50-52 (in Chinese).

Yang, C.; Xu, L.; Huang, Z. Observation of therapeutic effect of zinc gluconate adjuvant
treatment for children with acute diarrhea. Chin. Community 2012, 14, 186 (in Chinese).

Pu, Z. Observation of therapeutic effect of zinc gluconate adjuvant treatment for children with
autumn diarrhea. J. Clin. Exp. Med. 2010, 9, 1016—1017 (in Chinese).

Zhang, W. Analysis of therapeutic effect of zinc gluconate adjuvant treatment for children with
rotavirus enteritis. China Mod. 2011, 49, 123—124 (in Chinese).

Sun, Y.; Sun, H.; Bian, X. Rotavirus enteritis suooprtive treated by glucoside zinc. J. Appl.
Clin. Pediatr. 2008, 23, 1532—1533 (in Chinese).

Zhang, Y.; He, J. Observation of therapeutic effect of zinc gluconate adjuvant treatment for
children with rotavirus enteritis. J. Med. Theory Pract. 2011, 24, 2319-2320 (in Chinese).

Lin, T.; Deng, J. Effect of zinc gluconate tablets on serum zinc and diarrhea of children with
rotariras enteritis. J. Hainan Med. Univ. 2010, 16, 491-493 (in Chinese).

Liu, D. Clinical observation of zinc gluconate’s effect on acute diarrhea of children. Sichuan Med.
J. 2009, 30, 696—-697 (in Chinese).

Qiao, J.; Wu, B. Observation of therapeutic effect of zinc gluconate treatment for children with
acute diarrhea. Shanghai J. Prev. Med. 2011, 23, 581-582 (in Chinese).

Zhang, P.; Wu, J. Observation of therapeutic effect of zinc gluconate treatment for children with
autumn diarrhea. Chin. Pract. J. Rural. 2007, 14, 29-30 (in Chinese).

Zhao, S.; Gao, Z. Observation of therapeutic effect of zinc gluconate treatment for children with
autumn diarrhea. Chin. J. Clin. Res. 2012, 25, 463—464 (in Chinese).

Cai, A. The effect of zinc gluconate on infants with acutie diarrhea. Med. J. Qilu 2011, 26,
255-256 (in Chinese).

Zhang, J. Observation of curative effect of zinc gluconate in treatment of children rotavirus
enteritis. Guide China Med. 2012, 10, 218-219 (in Chinese).

Qiao, R. Observation of therapeutic effect of zinc gluconate treatment for children with autumn
diarrhea. Shanxi Med. J. 2012, 41, 380-381 (in Chinese).

Zhong, Z. Therapeutic effect of zinc gluconate on infantile rotavirus enteritis. Contemp. Med.
2012, /8, 130-131 (in Chinese).

Wang, Z. Observation of clinical efficacy of zinc gluconate on infantile rotavirus enteritis.
China Med. Pharm. 2011, 1, 94-95 (in Chinese).

Ying, Y.; Mei, Q. Clinical observation of therapeutic effect of zinc gluconate on infantile
rotavirus diarrhea. Chongging Med. 2008, 37, 24422443 (in Chinese).

Zhao, Y. Clinical observation of therapeutic effect of zinc gluconate on infantile rotavirus
diarrhea. China Foreign Med. Treat. 2012, 13, 113 (in Chinese).



65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

25

Ma, Z. Validity and security of zinc gluconate on infantile rotavirus diarrhea. China J. Pharm.
Econ. 2012, 2, 273-274 (in Chinese).

Chen, Q.; Su, H. Efficacy and safety analysis of zinc gluconate in treatment of children with
rotavirus diarrhea. Contemp. Med. 2012, 18, 144—145 (in Chinese).

Hu, X.; Zhang, X.; Chen, A. Observation of clinical efficacy of zinc gluconate on 60 cases with
infantile acute duarrhea. Pract. Clin. Med. 2009, 10, 85 (in Chinese).

Yuan, C.; Guan, J. Therapeutic effect of zinc gluconate adjuvant treatment on infantile acute
diarrhea. Pract. Clin. Med. 2011, 12, 7677 (in Chinese).

Tan, Z. Observation of therapeutic effect of zinc gluconate adjuvant treatment for children with
autumn diarrhea. Anhui Med. J. 2011, 32, 802—803 (in Chinese).

Liu, J. Clinical treatment and analysis in 69 Children with chronic diarrhea. Chin. Manip.
Rehabil. Med. 2012, 3, 245-246 (in Chinese).

Hu, Y.; Deng, H. Observation of therapeutic effect of zinc gluconate granules for children with
acute diarrhea. Chin. Foreign Women Health 2011, 19, 205 (in Chinese).

Li, X.; Wang, H.; Feng, G. Observation of therapeutic effect of zinc gluconate granules for
children with autumn diarrhea. China Pharm. 2008, 11, 218-219 (in Chinese).

Gao, R. Clinical observation of supplemental zinc to treat 74 children with acute diarrhea.
Asia Pac. Tradit. Med. 2012, 8, 58—59 (in Chinese).

Wu, H. The effect of zinc supplementation on children with diarrhea. Strait Pharm. J. 2011, 23,
156—-158 (in Chinese).

Liu, J. Observation of therapeutic effects of zinc supplementation in treatment of children with
acute diarrhea. Chin. J. Mod. Drug Appl. 2011, 5, 27-28 (in Chinese).

Chen, L.; Wang, P. Clinical analysis of zinc supplementation to treat infant diarrhea.
Chin. J. Misdiagn. 2010, 10, 7582 (in Chinese).

Ma, K. Clinical observation of zinc supplementation to treat children with acute diarrhea.
Chin. Foreign Med. Res. 2012, 10, 32-33 (in Chinese).

Lu, J. Clinical observation of zinc supplementation in treatment of autumn diarrhea.
Med. Recapitul. 2012, 18, 1101-1102 (in Chinese).

Ma, M.; Yang, H. Clinical analysis of zinc preparation adjuvant treatment for children with acute
diarrhea. Matern. Child Health Care China 2012, 27, 3847-3848 (in Chinese).

Ao, Z.; Wang, J.; Lin, L. Formulation adjuvant therapy efficacy in children with diarrhea.
Hebei Med. 2012, 18, 1091-1093 (in Chinese).

Gu, Z.; Shen, H.; Zhao, P. Effect of zinc gluconate on acute diarrhea in children. J. Clin. Pediatr.
2011, 29, 249-251 (in Chinese).

Wen, Y.; Wang, W.; Yang, C. Zinc supplement in adjuvant treatment of children acute diarrhea.
Chin. J. Prim. Med. Pharm. 2006, 13, 1208 (in Chinese).

Wang, G.; Wu, X. Observation of therapeutic effect of zinc adjuvant treatment for infantile
autumn diarrhea. China Med. Pharm. 2011, 1, 6698 (in Chinese).

Liu, R. Zinc therapy in the treatment of children with rotavirus enteritis. Jilin Med. J. 2012,
33, 5648 (in Chinese).

Liu, G. Observation of therapeutic effects of zinc supplementation in treatment of children with
acute diarrhea. J. Med. Theory Pract. 2012, 25, 2287-2288 (in Chinese).



86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

26

Tong, W. Observation of therapeutic effects of zinc supplementation in treatment of children
with diarrhea. China Health Ind. 2011, 8, 84 (in Chinese).

Qiu, Y. Serum zinc level of children with rotaviral diarrhea before and after zinc
supplementation and clinical efficacy of the therapy. Chin. J. Woman Child Health Res. 2010,
21,616-617 (in Chinese).

Kong, X. Cinical analysis of combination of lysine hydrochloride and zinc gluconate granules
with ribavirin for children with diarrhea in autumn and winter. Inn. Mong. J. Tradit. Chin. Med.
2011, 30, 8 (in Chinese).

He, Y. Observation of therapeutic effects of oral zinc supplementation adjuvant treatment for 60
cases of rotavirus enteritis. Zhejiang J. Clin. Med. 2007, 9, 1635 (in Chinese).

Kang, C. Serum zinc levels and zinc supplementation treatment of young children with rotaviral
enteritis. J. Kunming Med. Univ. 2010, 31, 109—113 (in Chinese).

Su, M. Observation of effect of serum zinc levels and zinc supplementation treatment of young
children with rotaviral enteritis. China Health Ind. 2012, 6, 76—77 (in Chinese).

Huang, Z. Observation of therapeutic effects of zinc adjuvant treatment for 200 cases of infantile
rotavirus enteritis. Chin. J. Ethnomed. Ethnopharm. 2010, 19, 80 (in Chinese).

Zhang, J. Observation of therapeutic effect of licorzinc granules with smectite powder for
infantile diarrhea. Jiangxi Med. J. 2006, 41, 500-501 (in Chinese).

Wang, D. Observation of therapeutic effect of zinc treatment for infantile diarrhea. China Health
Care Nutr. 2012, 5, 249 (in Chinese).

Lin, T. Observation of therapeutic effect of zinc gluconate adjuvant treatment for 60 cases of
infantile acute diarrhea. Chin. Community 2008, 24, 29 (in Chinese).

Yan, P. Observation of therapeutic effect of zinc gluconate adjuvant treatment for children with
acute diarrhea. China Foreign Med. Treat. 2011, 30, 118—119.

Yu, J. Clinical observation of therapeutic effect of zinc gluconate adjuvant treatment for 80 cases
of children with diarrhea. Jilin Med. J. 2012, 26, 5644 (in Chinese).

Zhang, X. Effect of zinc gluconate among the treatment for infantile rotavirus diarrhea.
Chin. J. Midiagn. 2011, 11, 7848 (in Chinese).

Xu, X. Observation of therapeutic effect of zinc gluconate treatment for children with rotavirus
enteritis. Jiangsu Med. J. 2010, 36, 2327-2328 (in Chinese).

Tan, J. Observation of therapeutic effect of zinc gluconate treatment for children with autumn
diarrhea. Med. J. Chin. People Health 2010, 22, 1122 (in Chinese).

Shen, D. Clinical observation of therapeutic Effect of zinc gluconate on infantile rotavirus
enteritis. Guide China Med. 2012, 10, 46—47 (in Chinese).

Wang, J. Study of effect of zinc gluconate combined with Saccharomyces boulardii Sachets in
treatment for children with autumn diarrhea. Contemp. Med. 2010, 16, 141-142 (in Chinese).
Chen, L. Clinical observation of therapeutic effect of Lysine and zinc gluconate adjuvant
treatment for infantile acute diarrhea. Chin. J. Mod. Drug Appl. 2011, 5, 85-86 (in Chinese).
Meng, F. Observation of therapeutic effect of Lysine and zinc gluconate treatment for infantile
autumn and winter diarrhea. Chin. Community 2012, 14, 152 (in Chinese).

Zhong, L. Observation of therapeutic effect of Lysine and zinc gluconateadjuvant treatment for
infantile acute diarrhea. Chin. J. Aesthet. Med. 2010, 19, 258 (in Chinese).



106.

107.

108.

109.

110.

I11.

112.

113.

114.

115.

116.

117.

27

Xie, J. Serum zinc level of rotaviral enteritis in children and the significance of zinc treatment.
J. Pediatr. Pharm. 2010, 16, 18-20 (in Chinese).

Fan, J. Application of zinc preparation in treatment for infantile diarrhea. Chin. J. Misdiagn.
2012, 72, 1306 (in Chinese).

Zhou, X. Therapeutic effect of zinc in the prevention and treatment of children rotvirus enteritis.
Chin. Gen. Pract. 2012, 15, 1393—1394 (in Chinese).

Zhao, Y. Observation of effect of zinc preparation adjuvant treatment for infantile acute diarrhea.
Zhejiang J. Prev. Med. 2008, 20, 44 (in Chinese).

Wan, H. Observation of therapeutic effect of Treasured zinc and selenium in adjuvant treatment
for infantile diarrhea. Shandong Med. J. 2006, 46, 65 (in Chinese).

Yang, S. Observation of therapeutic effect of zinc preparation in adjuvant treatment for infantile
autumn diarrhea. Health World 2012, 2, 244 (in Chinese).

Luo, Y. Observation of therapeutic effect of zinc adjuvant treatment for 168 cases of infantile
acute diarrhea. Public Med. Forum Mag. 2012, 16, 3338 (in Chinese).

Patel, A.B.; Dibley, M.J.; Mamtani, M.; Badhoniya, N.; Kulkarni, H. Influence of zinc
supplementation in acute diarrhea differs by the isolated organism. /nt. J. Pediatr. 2010, 2010,
doi:10.1155/2010/671587.

Fischer Walker, C.L.; Rudan, I.; Liu, L.; Nair, H.; Theodoratou, E.; Bhutta, Z.A.; O’Brien, K.L.;
Campbell, H.; Black, R.E. Global burden of childhood pneumonia and diarrhoea. Lancet 2013,
381, 1405-1416.

Baqui, A.H.; Black, R.E.; El Arifeen, S.; Yunus, M.; Chakraborty, J.; Ahmed, S.; Vaughan, J.P.
Effect of zinc supplementation started during diarrhoea on morbidity and mortality in
Bangladeshi children: Community randomised trial. BMJ 2002, 325, 1059.

Roy, S.K.; Tomkins, A.M.; Mahalanabis, D.; Akramuzzaman, S.M.; Haider, R.; Behrens, R.H.;
Fuchs, G. Impact of zinc supplementation on persistent diarrhoea in malnourished Bangladeshi
children. Acta Paediatr. 1998, 87, 1235-1239.

Fontaine, O. Effect of zinc supplementation on clinical course of acute diarrhoea. J. Health
Popul. Nutr. 2001, 19, 339-346.

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/3.0/).



28



29

Reprinted from Nutrients. Cite as: Inoue, M.; Binns, C.W. Introducing Solid Foods to Infants in the

Asia Pacific Region. Nutrients 2014, 6, 276-288.

Introducing Solid Foods to Infants in the Asia Pacific Region

Madoka Inoue * and Colin W. Binns

School of Public Health and Curtin Health Innovation Research Institute, Curtin University,
GPO Box U1987 Perth, Western Australia 6845, Australia; E-Mail: C.Binns@curtin.edu.au

* Author to whom correspondence should be addressed; E-Mail: madoka.inoue@curtin.edu.au;

Tel.: +61-8-9266-1661; Fax: +61-8-9266-2958.

Received: 17 November 2013; in revised form: 20 December 2013 / Accepted: 24 December 2013 /

Published: 6 January 2014

Abstract: For infants’ optimal growth and development, the introduction of nutritionally
suitable solid foods at the appropriate time is essential. However, less attention has been
paid to this stage of infant life when compared with studies on breastfeeding initiation and
duration. The practice of introducing solid foods, including the types of foods given to
infants, in the Asia Pacific region was reviewed. In total nine studies using the same
questionnaire on infant feeding practices were analysed to gain a better understanding of
trends in the introduction of solid foods in this region. All studies showed less than optimal
duration of exclusive breastfeeding indicating an earlier time of introduction of solid foods
than recommended by the WHO. Most mothers commonly used rice or rice products as the
first feed. In many studies, the timing of introducing solid foods was associated with
breastfeeding duration. Compared with the Recommended Nutrient Intakes for infants aged
above six months, rice/rice products are of lower energy density and have insufficient
micronutrients unless they have been fortified. Although the timing of introducing solid
foods to infants is important in terms of preventing later health problems, the quality of the
foods should also be considered. Recommendations to improve the introduction of solid
foods include measures to discourage prelacteal feeding, facilitating breastfeeding

education and providing better information on healthier food choices for infants.
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1. Introduction

Appropriate nutrient intake, in quantity, bioavailability, and timing in infancy are essential for
optimal growth and development. Exclusive breastfeeding for six months and then the introduction of
nutritious complimentary or solid foods, while breastfeeding continues, contributes to the prevention
of acute and chronic diseases in early and later life [1]. Most reviews have concluded that “exclusive
breastfeeding” for the first six months of life provides sufficient nutrients for infants for around
six months, and then appropriate “complementary foods” should be introduced with continued
breastfeeding, preferably until around two years of age or longer [2—4]. Both breastfed and infant
formula fed infants should be introduced to safe and nutritious “complementary foods” at around
six months to prevent retardation of growth and to minimize the risk of nutrient deficiencies [5].

“Complementary foods” are defined as foods other than breastmilk, infant formula or follow-on
formula given to infants and these can be liquids, semi-liquids, and solids [6]. When these foods,
particularly solid foods, are introduced to infants, textures should be changed as appropriate to the age
of infants to give a variety of textural experiences. It is widely believed that foods with a pureed
texture should be the first solid foods introduced [7]. “Solid foods” can be defined as non-drinkable
food made by the food industry or by the family [8]. Complementary foods must also be nutritionally
adequate and provide the bioavailable nutrients required, in combination with breastmilk, to meet all
needs for growth and optimal health [4]. Since the nutrients in breastmilk are generally more
bioavailable than from other sources, breastmilk remains an important component of nutrition after the
introduction of solids. The term, “weaning” is often used to describe the infants who start taking solid
foods [9] but “weaning” usually indicates a transition period or process from breastmilk or infant
formula to solid foods [7]. It often refers to different events in different cultures and so it will not be
used in this paper.

The timing of the introduction of solid foods is important because the early introduction of solid
foods to infants by definition results in a shorter duration of “exclusive breastfeeding”, which in turn
increases the risk of morbidity. Several studies have found that the early introduction of solid
foods before six months of age has been associated with an increased risk of diarrheal disease or
gastro-intestinal infection in infancy [10,11], food allergies [12], and overweight or higher Body Mass
Index (BMI) in childhood [13]. The early introduction of solid foods may also change the composition
of gastro-intestinal bacteria, the microbiome, which has implications for health [14-16]. In contrast,
the late introduction of solid foods (after six months of age) predisposes to micronutrient deficiencies
including iron and zinc status, which affect cognitive and neurological development [17,18] and may
lead to other problems, including feeding difficulties [19].

In the most recent guidelines for infant feeding launched by the WHO/UNICEF in 2003, the
introduction of solid foods to infants is recommended at six months of age (180 days) [20] but other
international organizations recommendations may differ slightly from the WHO recommendation.
The nutrition committee of the European Society for Pediatric Gastroenterology, Hepatology and
Nutrition (ESPGHAN), recommended that the introduction of solid foods should not be commenced
before 17 weeks of age and not later than 26 weeks of age. [21]. The American Academy of
Paediatrics (AAP) stated that solid foods should not be commenced before six months of age [22].
Despite the WHO recommendations, many mothers have tended to introduce solid foods to their
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infants before six months. A cohort study of 401 mothers in Ireland found that the median age of
introducing solid foods to infants was 16 weeks (interquartile range = 14-17.7), while 22.6% of
the mothers introduced solid foods to their infants before 12 weeks postpartum [7]. In a British study
(n = 604), the median age of introducing solid foods reported by the mothers was 15 weeks
(interquartile range = 13—16), despite the national government recommendation to start solid foods for
infants from six months of age [11].

In the Asia Pacific region, the recommended timing for the introduction of solid foods for infants
varies between countries. For instance, in China, the Ministry of Health formerly recommended the
introduction of solid foods to infants after four months of age (16 weeks), but more recently they have
changed to six months of age [23]. In Australia, the National Health and Medical Research Council
Infant Feeding Guidelines state that “solid foods” should be commenced at around six months of age [4].
The introduction of solid foods to infants is influenced by many cultural factors and traditional beliefs.
For example, in Japan, a traditional ceremony is usually held at 100 days after birth and this ceremony
was the time when mothers started to introduce additional liquid foods, including fruit juice and
vegetable soup. Although the recent guidelines state that it is not necessary to provide any liquids other
than breastmilk before six months, the ceremony still remains as a traditional custom in Japan. While
changes in duration and exclusivity of breastfeeding have been extensively researched, less is known
about how the patterns of infant feeding, including introducing solid foods, are changing and how
these changes relate to differences in cultural practices between countries. The aim of this study was to
review the timing of the introduction of solid foods in the Asia Pacific region by comparing and
contrasting previous studies that used the same questionnaires and to describe the types of foods that
are introduced.

2. Methods
2.1. Study Details and Descriptions of Sample Recruitments

Nine studies (five countries) undertaken by Curtin University, School of Public Health, of infant
feeding practices conducted in the Asia Pacific region were reviewed including data on the first
introduction of solid foods to infants. The recruitment process of the samples in each study has been
published in detail elsewhere [24-30]. In Australia, the Perth Infant Feeding Study I (PIFS I) was
undertaken to obtain information about infant feeding practices and provide information to assist in
developing the Infant Feeding Guidelines and was repeated a decade later as the Perth Infant Feeding
Study II (PIFS II). The questionnaires and methodology developed for these initial studies were then
used in a similar way in other countries allowing for comparisons to be made. All of the Australian
mothers in these studies were recruited in hospitals after birth. The Vietnamese mothers were recruited
after giving birth in hospital, in community health centres, or at their home. In the two Chinese studies,
all mothers were recruited at either hospitals or health centres as birthing at home is uncommon in this
country. The mothers in the Zhejiang study were recruited from a city (Hangzhou), suburban, and rural
areas. The Maldivian mothers were recruited at clinics associated with hospitals, the Japanese mothers
were recruited at community health centres when they came for health examinations of their infants at
18 months of age and one study of mothers who have migrated to Australia used community samples
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recruited using “snowball” techniques. In the seven cohort studies the mothers were asked to complete
an initial questionnaire on their infant feeding practices while in hospital and were then followed up at
regular intervals for six months. Similar questionnaires were used in all of the studies and the three
cross-sectional studies have been included in this review. The mothers in the Maldives study are
representative of a conservative Islamic society, while the other countries are generally representative
of Asia Pacific cultures.

2.2. Study Questionnaire

All reviewed studies used the same questionnaires on infant feeding practices and demographic
details. Where necessary for cultural, translation, and ethical reasons several questions were modified.
Specific areas of the questionnaire include:

e Demographics: maternal age, occupation, marital status, method of birth, parity, family income,
husband’s/partner’s occupation, maternal smoking status, alcohol intake during lactation,
infants’ birth weight

e Infant feeding practices: timing of feeding changes, intention to breastfeed, expressing
breastmilk, breastfeeding problems, the reasons for ceasing breastfeeding, starting time of solid
food and infant formula, and types of the first solid food given to infants.

2.3. Ethical Consideration

All of the studies were approved by the Human Research Ethics Committees of Curtin University
and other relevant authorities. These included the local health authorities in Vietnam and Japan,
and participating hospitals in China, Australia, and the Maldives. Confidentiality was assured and
mothers were advised that their participation was voluntary and that they could withdraw at any time
without prejudice.

3. Results

The details of each study including the study year, country, sample size, response rate, and
methodology are shown in Table 1. Table 2 lists the sample characteristics reported by mothers in each
study. In all studies, the majority of mothers were married and mothers in industrialized countries,
particularly in cities, had more years of education than those in developing countries, but aboriginal
mothers had the lowest education levels. In Australia, there are similar sample characteristics in
maternal age in the PIFS I and II studies, while the Aboriginal mothers in PABS are younger. In both
Chinese studies (Xinjiang, a remote area that is located in the Northwest, and Zhejiang, an
industrialized province in Eastern China) most mothers were primiparous (75.8% and 88.6%,
respectively) and there were higher rates of caesarian section (44.1% and 67.0%, respectively), than in
the other studies. The Himeji study that was undertaken in the central part of Japan had the highest rate
of low birth weight (8.4%) and unemployment in mothers (71.4%) among the studies.
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Table 3 presents the median age of introducing solid foods to infants in the Asia Pacific region.
Zhejiang is the earliest at 3.8 months, while Maldives and Japan were 5.5 months of age. In Vietnam,
some mothers (4.8%) introduced solid foods to their infants as early as one week postpartum while the
median age was approximately 4 months. Japanese mothers residing in Perth introduced solid foods
earlier than those who are living in Japan. For Australian mothers the timing of introducing solid food
to their infants changed over the decade between PIFS I and PIFS II with an increase in the mean age
from 4.0 to 4.4 months. The most common first solid foods given to infants are rice or rice products in
Asia Pacific region (Table 4) except in the Maldives where their traditional food which is made with
wheat flour and fish, and Chinese migrants to Australia (egg-yolk). It is also interesting to note that
over 40% of Vietnamese mothers used monosodium glutamate in the preparation of solid foods for
infants [8].

Table 3. The median age of the first introducing solid foods (in months) by the studies.

* Study name Median age (SD) **
1 Perth Infant Feeding Study I (PIFS I) 4.0

2 Perth Aboriginal Breastfeeding Study (PABS) 4.7

3 Rural Viet Nam Infant Feeding Study 4.0

4 Perth Infant Feeding Study Mark II (PIFS 1II) 4.4

5 Xinjiang Infant Feeding Study 4.0

6 Maldives Infant Feeding Study 5.5(2.0)

7 Zhejiang (Hangzhou) Infant Feeding Study 3.8

8 Chinese Infant Feeding Study living in Perth N/A*

9 Himeji Infant Feeding Study 5.5(1.1)

* Study numbers are the same as Table 1; ** SD = Standard Deviation; * N/A = Not available.

Table 4. The type of solid foods given to infants in the Asia Pacific region.

Study Study The most The second The third
number * location popular food popular food popular food
. Ri 1 . Milk Custard
1 Australia, 1992 e cere'a Fruit gels, puree P ustards
(commercial) Yoghurt
) Agstralia Milk Custards Yoghurt Rice cere.al Com@ercial
(Aboriginal mothers) (commercial) foods with meat
3 Viet Nam Rice porridge Rice-floured porridge Meat and egg

Fresh/processed fruits

4 Australia, 2002 Rice cereal N/A
and vegetables
5 China (Xinjiang) Rice paste Rice porridge Vegetable paste
Maldivian food
6 Maldives made with wheat Rice porridge Processed food
flour and fish
7 China (Hangzhou) Rice cereal Rice porridge Mashed egg, fish
8 ) Austra'ha Egg-Yolk Commercial infant food Fruit
(Chinese migrants)
9 Japan * Rice gruel Japanese noodles Puree vegetables

N/A = Not Applicable; * Reference [35].



36

Associations between the timing of introducing solid foods and breastfeeding duration were
explored in each study. In Australia, in the PIFS II study, mothers who introduced solids at or after
17 weeks had 11 weeks longer duration of breastfeeding than those who introduced solids before
17 weeks (p < 0.001). The Japanese study also found that the timing of the introduction of solid foods
was associated with the duration of “any breastfeeding” until six months of age (OR = 1.21,
95% CI = 1.10-1.33). Among Chinese migrants to Australia, mothers introduced solid foods to their
infants at similar times to other Australian infants, but this was delayed when compared with mothers
in home countries. In Viet Nam, significant factors associated with delayed introduction of solid food
at 24 weeks were “if mother was a farmer” (OR = 0.52, 95% CI = 0.18-0.95) and “completed
secondary school” (OR = 0.28, 95% CI = 0.10-0.54), whose “husband was satisfied with the infant’s
gender” (OR = 0.30, 95% CI = 0.17-0.53), her “mother-in-law preferred exclusive breastfeeding” (OR
= 0.18, 95% CI = 0.04-0.75), or her ‘friends practised exclusive breastfeeding’ (OR = 0.41, 95%
CI=0.16-1.10).

4. Discussion

While the timing of introducing solid foods varies between countries, most infants in the Asia
Pacific region were introduced to solids earlier than recommended by the WHO. The mean age of
introducing solid foods to infants in China (Hangzhou) was 3.8 months, the earliest in these studies,
while Japan and Maldives were 5.6 months, closest to the WHO recommended age. Moreover, some
studies showed that the timing of the introduction of solid foods was related to not only breastfeeding
duration but also maternal occupation, education background, surrounding environments including
preferences of family or friends on infant feeding methods. While the timing of solid food introduction
is important in reducing problems related to infant health and development, the WHO has also
emphasized the importance of the quality of the foods. Solid foods given to infants are often of high
volume, with low energy and nutrient density together with a low meal frequency [36]. Our review
found that many countries in the Asia Pacific region used rice porridge/cereal (See Table 4) for
infants’ first foods since rice is culturally believed to help with digestion. Although some countries,
including Japan, excluded this question for ethical reasons, other reports still described that the most
common first solid foods was rice gruel [35,37]. These rice products are often of low energy and
micronutrient density, including iron, zinc and calcium. In a report by Dewey and Brown [36], the
WHO/UNICEF documented that energy requirements from solid foods for infants aged 6—8 months
should be 269 kcal per day (1125.5 kJ) and the infants would be able to obtain sufficient energy if they
were fed at least three meals with a minimum energy density of 1.0 kcal (4.2 kJ)/g. However, rice
porridge has only 37.8 kcal (158 kJ) per 100 g (0.378 kcal/g), a low energy food (See Table 5) [38].
While the WHO report recommended that infants aged 6—8 months, 9-11 months, and 12—-24 months
should be fed at least 2—3 times, 3—4 times, and 3—4 times per day respectively, this is only applicable
when energy and nutrient density is appropriate for the infants age [39]. For infants who are fed rice
porridge to meet their energy requirements following the WHO recommendations, they would have to
be fed approximately seven times per day. Similarly, the supply of micronutrient composition in rice
products is less than the recommended nutrient intakes (Table 6). Several studies have shown that
breastfed infants have better absorption of micronutrients, including iron. However, after six months of
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age, the quantities of micronutrients in breastmilk become inadequate over time, particularly for
iron [40,41]. As this happens to both breast and bottle fed infants, the quality and timing of
introduction of solid foods is important in providing adequate micronutrient intakes. In both developed
and less developed countries, poor choices of solid foods may lead to nutritional deficiencies.

Table 5. Nutritional composition of rice porridge, rice cereal and egg yolk (value per 100 g).

Main nutrients Rice porridge Rice cereal * Hard-boiled egg yolk
Energy, including dietary fibre (kJ) 158 1537 1450
Protein (g) 0.7 6.8 16.1
Fat (g) 0.1 1.1 31.7
Calcium (mg) 2 6 115
lodine (ug) 0.8 3.7 127.7
Iron (mg) 0.08 15.5 4.8
Zinc (mg) 0.12 7.8 2.7
Riboflavin (B2) (mg) 0.002 1.9 0.42
Pyridoxine (B6) (mg) 0.01 0 0.33
Vitamin C (mg) 0 33 0
Folate, natural (pg) 1 70 177

Source: [38]. * Note = this products was added vitamins B1, B2, B3, C, folate, iron and zinc.

Table 6. Recommended nutrient intakes for infants aged 7—12months and 12—-24 months.

Main nutrients 7—12 months 12-24 months

Protein(g/day) NA NA
Calcium (mg/day) 400 500
lodine (png/day) 90 90

Iron (mg/day) 0.93 " 0.58"

Zinc (mg/day) 4.1%* 4.1*
Riboflavin (B,) (mg/day) 0.4 0.5
Pyridoxine (Bg) (mg/day) 0.3 0.5
Vitamin C (mg/day) 30 30
Folate, natural (pg/day) 80 150

Source: [42]; Note: * = Moderate bioavailability; “ = 95th percentile absolute requirements.

In developing countries, the inappropriate introduction of solid foods at an early age may be
reflected in the proportion of stunting and/or wasting in young children [43]. Breastfeeding and
nutritious solid foods play key roles in promoting appropriate nutrition for their growth and
development and thus the quality of solid foods need to be focused to reduce the prevalence of under
nutrition or malnutrition.

A meta-analysis on the impact of nutritional interventions on infant survival, disease prevention,
and stunting concluded that child stunting could be reduced by approximately one third, if nutritional
interventions were provided to infants before 36 months of age [44]. It is important to emphasize
appropriate nutritious solid foods given to infants at the appropriate time. Golden [45] estimated the
Recommended Nutrient Intakes (RNIs) for children who are moderately malnourished, and suggested
the importance of a balance in nutrients between the macro- and micro-nutrients. This study also
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recognised the importance of nutrient density in the developing world, as many of the earliest foods
introduced to infants are high volume with a low nutrient density.

Although our study showed that Maldives almost reached the WHO recommended age of
introducing solid foods (5.5 months), the stunting rate under five years old was still 19% between
2006 and 2010 [46]. A more recent study in the Maldives found that within the first seven days after
birth approximately 39% and 16% of infants (n = 458) were fed honey and dates, respectively,
suggesting that the earlier study may have underreported prelacteal and early life feeds [47]. These
prelacteal and early infancy feeds were related to specific cultural beliefs, but may also have had
detrimental effects on infant health and the incidence of stunting.

In Japan, the mean age for the introduction of solid foods is approximately 5.5 months, and
prelacteal feeds are still common, in contrast to the WHO recommendations for exclusive
breastfeeding. The first priority for mothers is to continue exclusive breastfeeding for the first six months
of life and then introduce nutritious complementary foods, appropriate nutrition during the 624 months
period is also critical for infants’ nutrition and development [2]. Parents should be provided with more
detailed information about introducing solid foods, including the quantity, timing, and quality of the
foods through breastfeeding education since nutritional status during the first two years of life is
critical in terms of their lifelong physical growth and mental development [5].

There are several limitations to consider when drawing conclusions from this study. Although these
studies used almost the same questionnaire on infant feeding practices and included WHO standard
infant feeding definitions, the sample selection and sizes used mean that the results may not be
representative of the whole of the country. Nevertheless, similar methodology used in each study
means that the main conclusions of this review can be used for nutrition education. The principal
finding of the review is that most countries do not achieve the WHO goal for the timing of the
introduction of solid foods. Increased promotion of optimum infant feeding guidelines is needed,
including guidance for the appropriate time and manner in which solid foods are intoduced. This is an
important public health message for infant nutrition in the Asia Pacific region.

5. Conclusions

The review of previous observational studies using the same questionnaire on infant feeding
practices in the Asia Pacific region has shown that many countries need further improvement in the
timing and the quality of first feeds with solid foods. This should be in conjunction with promoting the
optimal duration of exclusive breastfeeding. Rice and rice products are commonly used as the first
foods in this region and are of low energy density. Without fortification they provide insufficient
quantities of micronutrients. Education of not only the mothers, but also other family members, health
professionals and the community should be provided in order to facilitate understanding about the
importance of breastfeeding and the appropriate introduction of solid foods. Several strategies
including a general prohibition of prelacteal feeding in hospitals (except in specific medical
circumstances), a ban on distribution of free gifts of infant formula to mothers, and an expansion of the
roles of midwives should be explored. Further studies on this topic are required for a better
understanding and evaluation of growth and development, and will be able to contribute to the
development of more effective strategies in pediatric nutrition in this region.
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Abstract: The birth iron endowment provides iron for growth in the first months of life.
We describe the iron endowment under conditions of low dietary iron supply. Subjects
were infants participating in a trial of Vitamin D supplementation from 1 to 9 months.
Infants were exclusively breastfed at enrollment but could receive complementary foods
from 4 months but not formula. Plasma ferritin (PF) and transferrin receptor (TfR) were
determined at 1, 2, 4, 5.5, 7.5, 9 and 12 months. At 1 month PF ranged from 38 to 752 ug/L
and was only weakly related to maternal PF. PF declined subsequently and flattened out at
5.5 months. PF of females was significantly higher than PF of males except at 12 months.
TR increased with age and was inversely correlated with PF. PF and TfR tracked strongly
until 9 months. Iron deficiency (PF < 10 pg/L) began to appear at 4 months and increased
in frequency until 9 months. Infants with ID were born with low iron endowment. We
concluded that the birth iron endowment is highly variable in size and a small endowment
places infants at risk of iron deficiency before 6 months. Boys have smaller iron
endowments and are at greater risk of iron deficiency than girls.

Keywords: iron endowment; breastfed infant; iron stores; iron deficiency

1. Introduction

At birth, the body iron content of the infant is high (94 mg/kg fat-free mass) [1] due to a high
hemoglobin mass and a sizable amount of storage iron [2]. This birth iron endowment renders the
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infant independent of exogenous iron during the early months of life. Immediately after birth, the
hemoglobin mass begins to shrinks and its iron is transferred to the storage compartment [3]. The latter
therefore represents the entire birth iron endowment. Plasma ferritin (PF) concentration is proportional
to storage iron and thus provides a measure to follow the fate of the iron endowment. At birth, the size
of the endowment varies greatly, as we [4—6] and others [7—18] have shown. Although severe maternal
iron deficiency [11] and certain pregnancy complications [19] are known to reduce the size of the iron
endowment, under most circumstances iron status of the mother is not a determinant of the size of the
iron endowment. The cause(s) of the variation in its size remain largely unknown.

The iron endowment provides iron for growth and protects the breastfed infant against iron
deficiency in the first 4-6 months of life. It follows that the size of the endowment should determine
the degree of protection afforded the infant. Indeed, there is evidence that diminished size of the storage
iron compartment shortens the protection and places the infant at risk of iron deficiency [4-6,20].
Essentially, all breastfed infants in our studies [4—-6] who developed iron deficiency by 6 months were
born with diminished iron endowment.

As the iron endowment is used up for growth, PF concentration declines, but the rate of decline is
modified by exogenous iron [4-6]. Few data exist regarding the unmodified iron endowment. Such
data may be valuable for examining longitudinal tracking of iron stores as well as defining gender-related
differences of iron stores. Only one cohort of infants in our earlier studies (control group in [5]) came
close to having an unmodified iron endowment, but as even these infants could receive supplemental
formula, their iron endowment could have been modified to a significant extent. Therefore, when in a
recently completed study [21] it was deemed necessary to prohibit the consumption of supplemental
formula until 9 months of age, the opportunity to evaluate the size of the iron endowment minimally
modified by dietary iron presented itself. The present report concerns data on the iron endowment of
these infants who, besides breast milk, received no source of iron until 4 months and thereafter
received iron only from complementary foods until 9 months. For this large group of breastfed infants,
iron status of the mothers soon after birth was known and detailed dietary information was available.

We define iron deficiency (ID) as a state of exhausted iron stores indicated by PF < 10 pg/L.
When there is, in addition, evidence of impaired hemoglobin synthesis, iron deficiency is considered
to be severe. Iron-deficiency anemia (IDA) carries a significant risk of impaired neurocognitive
development [22,23].

2. Experimental Section

Clinical Trial Registration: Registered at clinicaltrials.gov NCT00494104.

Briefly, the parent study [21] was a randomized double-blind trial of breastfed infants who received
one of four doses of Vitamin D supplementation (200 [U/day, 400 IU/day, 600 IU/day and 800 IU/day)
from 1 to 9 months. Plasma 25(OH)D concentration was the primary endpoint. In order to minimize
dietary Vitamin D intake, parents were asked not to feed supplemental formula.

Study design and intervals: The study was a prospective, randomized, double-blind study. Infants
were enrolled and randomized at 1 month (=within 4 days of 28 days). They visited the study center
every 28 days until 9 months (280 + 4 days) and made a final visit at 12 months (364 + 4 days). Infants
received the study Vitamin D drops from 1 to 9 months. The study protocol was reviewed and
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approved by the University of lowa Institutional Review Board and parents provided written consent.
The trial was registered with ClinicalTrials.gov under NCT00494104.

Subjects were full-term infants considered normal by their parents and their physicians. Infants
were exclusively breastfed at enrollment. Starting at 4 months, they could receive complementary
foods but no formula until 9 months. Vitamin or mineral (iron) supplements were not permitted.
Infants were born between August 2006 and September 2010. Enrollment was limited to infants born
between June and November so they would be between 5.5 and 9 months old at the end of winter
(March to mid-May) when the primary assessment of Vitamin D status took place. Parents were asked
not to give any iron or Vitamin D supplements.

Procedures: Infants visited the study center every 28 days and had weight and length measured.
Parents completed an interim health and feeding questionnaire. Code-labeled Vitamin D supplements
were dispensed during visits and empty and half-empty containers were collected and weighed. Infants
had blood drawn at 1, 4, 5.5, 7.5, 9 and 12 months by heel prick using a disposable spring-loaded
device (Tenderfoot, International Technidyne) into heparin-coated tubes. Plasma ferritin (PF) was
determined using an immunoradiometric procedure (Ramco catalog no. F-11) with interassay coefficient
of variation of 6.5%. Soluble transferrin receptor (TfR) was measured by enzyme immuno assay
(Ramco catalog no TF-94).

Data analysis: Iron deficiency was defined as plasma ferritin <10 pg/L [4-6] and anemia as
hemoglobin <105 g/L before 9 months and <100 g/L at 9 and 12 months [24]. Body iron was
calculated as Body iron (mg/kg) =(log(TfR/PF) — 2.8229)/0.1207, where TfR and PF are both
in pg/L [25]. Gender-related differences of PF, TfR and body iron assessed by t-tests and ANOVA
procedures. Tracking was determined by linear correlations between successive values. Associations of
PF and TfR were determined cross-sectionally on an age-specific basis by linear correlation analysis.
Percentiles of PF were determined by SAS univariate procedure. Statistical analyses were performed
using SAS version 9.1.3 (SAS Institute, Cary, NC, USA).

3. Results

Of 213 infants enrolled at 1 month and assigned to one of the Vitamin D supplement doses,
128 completed the intervention at 9 months and 120 were evaluated at 12 months. The main reason
why infants left the study was the parents’ desire to use supplemental formula. At enrollment,
177 mothers donated a venous blood sample. Table 1 summarizes feeding data as reported by the
parents and shows that parents adhered to feeding rules to a remarkable degree. Only one infant
received cereal at 2 and 3 months and 2 infants received formula at 3 months, but the amounts were in
each case small (<1 feeding/week) and infants continued in the study. Many infants did not receive
complementary foods until late. For example, at 5.5 months 63 infants (of 153) received no
complementary foods at all. Also, cereals, a rich source of iron, were received by only one-half of
infants at 5.5 months.

At 1 month, PF averaged 242 png/L with a range from 38 to 752 ug/L (Figure 1, Table 2). Maternal
PF obtained at the same time averaged 42 pg/L (SD 34 pg/L) (Figure 1). It is evident that a fair
proportion of mothers were in less than optimal iron nutritional status, with 12 mothers having
PF < 10 pg/L. However, iron status of the mother was not an important factor determining infant iron
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stores. As illustrated in Figure 2, the relationship between maternal and infant PF levels was weak
(r = 0.081, p = 0.283). Maternal iron status explained only 6.4% of the variation in infant iron
endowment. As Figure 2 shows, when the mother’s iron stores were low (PF < 20 pg/L, her infant’s
PF could still range from 40 to 680 pg/L.

Table 1. Feedings as reported by parents. The table indicates number of infants receiving
the specified food during the month preceding the visit.

(mtiih) s:b(}teaclts b?enayst Cereal Fruits Vegetables Meats Ioa(:)dl: Formula El(l)l‘:](
1 213 213 0 0 0 0 0 0 0
2 194 194 1 0 0 0 0 0 0
3 181 181 1 0 0 0 0 2 0
4 165 165 4 2 0 0 0 1 0
5.5 153 152 76 29 40 0 5 1 0
7.5 138 138 79 92 97 12 20 4 1
9 128 124 86 96 99 30 46 9 1
12 120 92 43 70 69 44 92 23 43

Figure 1. Plasma ferritin concentrations of mothers and infants one month after birth.
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Figure 2. Relationship between maternal and infant plasma ferritin one month after birth
(r=0.081, p=0.283).
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As shown in Figure 3 and Table 2, infant PF decreased rapidly with age but leveled off after
5.5 months, indicating exhaustion of the iron endowment. In some infants, PF increased between 1 and
4 months, presumably indicating continuing recycling of iron from hemoglobin breakdown. Transient
increases of PF at other ages indicate acute phase reactions. From 2 to 5.5 months, average PF declined
by 1.1 (SD 0.40) % each day. The decline was strongly inversely correlated with gain in weight and
length (p < 0.0001). This is consistent with the notion that growth is the main cause of the decline of
PF. As PF decreased, the range of values narrowed progressively. This is illustrated by the percentile
values shown in Figure 4.

Figure 3. PF of individual infants from 1 to 12 months.
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Figure 4. PF of males and females. Differences were statistically significant except at
1 and at 12 months.
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Concentrations of TfR increased with age until 7.5 months and then leveled off, mirror- imaging PF
values (Table 2). TfR was significantly inversely correlated with PF at most ages. Body iron was
highest at 1 month and declined progressively thereafter, in essence paralleling the course of PF.

Tracking: In spite of the marked decrease of PF, there was a strong tendency for infants to preserve
their rank. PF values correlated (tracked) strongly over time (Table 3). Although tracking is to be
expected given the wide range of PF values at 1 month, tracking continued at 9 and 12 months, which
suggests that other factors, including genetic, may be operating. TfR also showed tracking which was
less strong than that of PF but was still quite strong (Table 3).

Table 3. Pearson correlations among PF (a) values and TfR (b) values at different ages.

(a) PF
Age 4 months 5.5 months 7.5 months ? 12 months
months
1 month 0.670 * 0.638 * 0.496 ° 0.546 ° 0.465°
4 months - 0.738 * 0.680 ° 0.700 * 0.438°
5.5 months - - 0.751° 0.747° 0.511°
7.5 months : - - 0.804 ° 0.515*°
9 months - - - - 0.579
(b) TR
Age 4 months 5.5 months 7.5 months ? 12 months
months
1 month 0.321° 0.357° 0.319° 0.297° 0.146
4 months - 0.616° 0.613° 0.423° 0.321°
5.5 months - - 0.616° 0.543 ¢ 0.330°
7.5 months - - - 0.605 * 0.515°
9 months : - - - 0.525*

* correlation statistically significant (p < 0.05).
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Gender: Plasma ferritin showed marked gender-related differences as indicated in Table 2 and
Figure 5, with levels of female infants being significantly higher than levels of male infants at most
ages. Accordingly, female infants became iron deficient (PF < 10 pg/L) less frequently than male
infants (Table 2). Gender-related differences were also present in TfR but, contrary to PF, males had
higher levels, with differences being statistically significant except at 9 and 12 months. Body iron was
significantly higher in females than males except for 12 months.

Figure 5. Percentile values for PF from 1 to 12 months (males and females combined).
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Infants who developed ID: PF values less than 10 pug/L indicating exhausted iron stores were
observed at almost all ages. The earliest age at which BF10 pg/L occurred was 4 months in one
infant. At 5.5 months, the PF of an additional seven infants dropped below 10 pg/L, meaning that eight
(5.3%) infants had exhausted their Fe stores before 6 months. At 28 days, the mean PF of these eight
infants was 125 + 103 ug/L, which was significantly (p < 0.001) lower than the PF of all other infants
at 28 days (mean 245 + 119 pg/L). At 7.5 months, an additional nine infants developed a PF
of <10 pg/L, meaning that 16 (11.6%) infants had exhausted their iron stores. After
7.5 months, with the birth iron endowment exhausted, a PF 10 ng/L was reflective of low dietary
iron intake. This occurred in 15 infants at 9 months and 15 infants at 12 months. A total of 36 infants
(19% of those randomized at 4 months) developed a PF of10 pg/L at least once during the study.
PF values < 12 pg/L were observed on 78 occasions (Table 2). Among infants witlkk BB pg/L
at 56 days of age (N = 12), one developed ID at 4 months and four more by 5.5 months. Thus, among
infants with a PF less than 65 pg/L at 2 months, 42% developed ID before 6 months.

When infants developed a PF of<10 pg/L, the parents were informed and the suggestion was made
by the investigators to increase the consumption of iron-containing foods. One such infant was placed
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on ferrous sulfate by his pediatrician and subsequent PF values were >10 pg/L. The parents of three
infants chose to withdraw from the study. In all remaining infants with ID, PF was monitored closely
and in seven infants the next PF was >10 ug/L. In cases where it remained <10 pg/L (N = 5)
hemoglobin was determined to check for IDA. Hemoglobin was in each case >105 g/100 mL. With
IDA ruled out, no iron treatment was recommended. The parents were always informed of findings and
feeding of iron-rich foods was recommended whenever PF was <10 pg/L.

4. Discussion

We believe our cohort to be the largest group of breastfed infants in whom the birth iron
endowment was assessed while the intake of iron from exogenous sources was minimal. Thus,
the iron endowment was observed in its undisturbed state while not being modified by dietary iron.
The size of the iron endowment was assessed by determination of plasma ferritin concentration (PF).
At the earliest assessment at one and two months, the iron endowment showed enormous variation.
This wide range in the size of the iron endowment has been previously shown by us [4-6] and
others [7-18]. Only a small proportion of that variation was explained by iron status of the mother
whereas its bulk remained unexplained. Earlier studies found for the most part no association or only a
weak association between maternal iron status and infant iron status at birth [7,9,10,16—18]. Some
studies did find a reduction of infant iron status when maternal iron status was very poor [8,11,12].
Except for some maternal conditions that are known to reduce the size of the iron endowment [19], the
cause of the variation is unknown.

Because infants of the present cohort were not permitted to receive supplemental formula, a source
of dietary iron, we expected the iron endowment to be somewhat smaller than in the control infants of
our earlier study [5] who received complementary foods like the present cohort but did also receive
supplementary formula. However, PF values were nearly identical in that earlier group [5] and in
the present cohort. For example, at 5.5 months mean PF in the earlier group was 42 + 29 ng/L and was
44 + 29 pg/L in the present study. The explanation may be that infants who did receive formula
received only modest amounts, and many infants probably received no formula at all.

While the cause of the variation in the size of the iron endowment remains obscure, its consequences
are readily apparent. The small size of the iron endowment means that it becomes exhausted early and
places the infant at risk of ID. We [5,6] and others [19] have before noted this association between size
of the iron endowment and risk of ID early in life. In the present cohort a full 5.3% of infants
developed ID by 6 months. The incidence is comparable to the incidence observed earlier by us [5,6].
Others have reported somewhat lower [26] and also higher [27] incidences of ID by 6 months. The
present estimate of the incidence of ID in breastfed infants who receive only modest amounts of
dietary iron is solid thanks to the design of the study. On the other hand, the present study provides no
estimates of the incidence of IDA. The reasons are that hemoglobin was not determined with all PF
determinations but was determined only when PF remained low in spite of the parents being requested
to increase the amount of iron-containing foods. Without that intervention, some infants with ID might
have gone on to develop IDA on subsequent assessment.

The present study shows marked gender-related differences in the size of the iron endowment, with
girls having significantly greater size than boys. There was also a gender-related difference in TfR
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except in the opposite direction, with boys having higher values than girls. Similar gender-related
differences have been reported by Hay and colleagues [16,26], Domellof ef al. [28] and were seen in
our earlier studies [5,6]. PF and TfR were inversely correlated at most ages. Our data clearly show that
there are gender-related differences in the size of the iron endowment. This means that whatever is
causing gender-related differences at later ages is already operating in utero.

We showed strong tracking of PF and TfR that decreases in strength somewhat with increasing age
but is still strong at 12 months for PF. Tracking of PF has been reported before by Hay et al. [16] and
by us [5,6]. Tracking, together with gender-related differences, provides a strong suggestion that the
size of the iron endowment and iron status in general are controlled by genetic factors.

The strengths of the present study are that it involved a large cohort of breastfed infants in whom
the intake of dietary iron was kept to a practical minimum, permitting study of the natural course of the
birth iron endowment without modification by dietary iron. Another strength was that all observations
were made in longitudinal fashion and that detailed dietary information was recorded.

5. Conclusions

It was concluded that the birth iron endowment is highly variable in size and differs significantly
between males and females. Its size decreases as iron is used for growth. Some infants develop ID
by 6 months of age. A small iron endowment places infants at increased risk of iron deficiency.
The fact that PF and TfR track strongly during infancy suggests the operation of genetic factors.
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Abstract: Early nutrition plays a pivotal role in long-term health. The World Health
Organization (WHO) recommends exclusive breastfeeding during the first six months of
life, with the gradual introduction of solids after this period. However, studies in the
Republic of Ireland (ROI) have shown poor compliance with guidelines. The ROI
continues to have one of the lowest breastfeeding rates worldwide. Our objective was to
analyse differences in breastfeeding and complimentary feeding behaviours between Irish
and non-Irish mothers residing in the ROI, as well as the role of acculturation on these
behaviours, using the national longitudinal study, Growing Up in Ireland (GUI). Mothers
(n = 11,134) residing in the ROI were interviewed when their infants were nine months of
age. The percentage of Irish mothers who initiated breastfeeding was 49.5%, as opposed to
88.1% among the non-Irish cohort (p < 0.001). Breastfeeding initiation reduced from
89.4% of non-Irish mothers who had arrived within the last year to five years ago to 67.5%
for those who had arrived 11 to >20 years ago (p < 0.001). Our results indicate that cultural
differences are an important factor in shaping patterns of infant feeding in the ROIL.
Reviewing existing support and education policies for parents is required to achieve the
implementation of desirable infant feeding practices.

Keywords: infant feeding; breastfeeding; complimentary feeding; acculturation
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1. Introduction

Early nutrition plays a pivotal role in long-term health. Breastfeeding has been shown to have a
protective role in the development of being overweight, obesity and chronic diseases later in life [1-3].
The World Health Organization (WHO) recommends exclusive breastfeeding during the first
six months of life of the infant, with the gradual introduction of complimentary foods after this
period [4]. The European Society of Paediatric, Gastroenterology, Hepatology and Nutrition
(ESPGHAN) recommends not to introduce complimentary foods before 17 weeks and no later than
26 weeks, while also giving the advice to commence the introduction of solids near six months of
age [5]. Early complimentary feeding has been shown by studies to increase the risk of overweight and
obesity during childhood and adulthood [6-9]. Moreover, the transition from milk to solid foods can
have a life-long influence on dietary patterns [6,10—12]. The introduction of complimentary foods
cannot be studied in isolation from the type of milk feeding early in life, as milk type influences the
type of solid foods introduced and the timing of their introduction [13]. Studies on the predictors of
early complimentary feeding have shown that breastfeeding reduces the likelihood of early solid
food introduction [14—18].

In the Republic of Ireland (ROI), the Department of Health and Children updated their advice in
2003 to recommend adherence to the WHO advice of exclusive breastfeeding during the first six
months of the infants’ life [19]. The new Infant Feeding Guidelines released by the Food safety
Authority of Ireland (FSAI) in November, 2012, maintain the recommendation made by
ESPGHAN [20]. Despite these guidelines, the ROI continues to have one of the lowest breastfeeding
rates worldwide, and compliance with complimentary feeding guidelines is poor [21]. Irish studies
show rates of exclusive breastfeeding for six months of less than 1%, with 75% of infants being
introduced to complimentary feeding before 17 weeks, 22.6% of these being introduced prematurely
by 12 weeks [15,22].

Rates of breastfeeding in Ireland have increased since 2004, but they are still below national targets,
and a large percentage of this increase has been attributed to changes in maternal characteristics, such
as older age and an increase in non-national mothers [23-25]. Previous studies in the ROI have pointed
out different patterns of breastfeeding rates by maternal origin of birth [23,26,27]. However, we are not
aware of any studies in the ROI analysing different patterns in complimentary feeding introduction by
ethnic group. Given the fact that the time of complimentary feeding introduction seems to be linked to
the type of milk feeding early in life and given the low breastfeeding rates in the ROI, it could be
hypothesized that Irish born mothers are more likely to introduce complimentary foods early in the life
of their infant, thus increasing the risk of their infants suffering adverse health effects in the short and
long term. Moreover, acculturation of non-Irish mothers could play a role in their infant feeding
practices. The aim of this paper is to study variation in breastfeeding rates and the timing of the
introduction of complimentary feeding between Irish and non-Irish mothers living in the ROI, as well
as the role of acculturation on these behaviours using cross-sectional data from the national
longitudinal study of children in Ireland (Growing Up in Ireland).
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2. Methods
2.1. Study Design and Sample

Growing Up in Ireland (GUI) is a nationally representative cohort study of nine-month-old infants
residing in the Republic of Ireland. The main aim of the study is to study the factors affecting the lives
of infants in Ireland with the aim of creating evidence-based policy. The study sample consisted of
11,134 nine-month-old infants who participated in the first wave of the GUI study. These were
selected from the approximately 41,000 births over the period of 1 December 2007 to 30 June 2008.
The completed sample of 11,134 represents approximately one-third of all births in the ROI over the
field period. Families were invited to participate in the study when the child was nine months of age.
The sampling frame for the project was the Child Benefit Register for the Republic of Ireland.
Of 16,136 mothers selected from the sampling frame, 11,134 agreed to take part in the study, a
response rate of 69% [28].

2.2. Questionnaires and Measurements

Primary caregivers, defined as the person who spent more time with the child, and secondary
caregivers were interviewed at home and asked to complete a main questionnaire and a sensitive
questionnaire. Since only 0.5% of the primary care givers nominated were not the biological mothers,
we refer to responses from the primary care giver as those of the mother. Interviews were carried out
using a mixture of CAPI (computer-assisted personal interviewing) and CASI (computer-assisted
self-interviewing).

The wave one sample was selected from the Child Benefit Register for the Republic of Ireland,
which was provided by the Department of Social Protection. Of 16,136 mothers selected from the
sampling frame, 11,134 agreed to take part in the study, a response rate of 69%. Fieldwork was carried
out over 7 months, extending from September 2008, to the end of April 2009. Children were selected
so as to be 9-months-old at the time of the interview; consequently, eligible children were all those
born between 1 December 2007 and 30 June 2008 [28].

The sampling frame for the study was the Child Benefit Register for the Republic of Ireland. The
sample was selected on a systematic basis, pre-stratifying by marital status, county of residence,
nationality and number of children (where child is defined as <16 years of age) in the household, using
a random start and constant sampling fraction. The completed sample was statistically grossed or
reweighted on the basis of external population estimates to ensure that it was wholly representative of
all children aged one year or less in Ireland [28].

Interviewers measured and recorded both parents’ height and weight. A medically approved
mechanical SECA 761 weighing scale was used for the adults” weight and a Leicester measuring stick
for their height. All stages of the Growing Up in Ireland project were subject to rigorous ethical review
by a Research Ethics Committee convened by the Department of Children and Youth Affairs of the
Irish Government. This included a review of all instrumentation, recruitment, consent and
implementation protocols adopted at all stages of the study [28].
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2.3. Statistical Analysis and Dependent Variable

The Statistical Package for the Social Sciences statistical software package version 19.0
(SPSS, Inc., Chicago, IL, USA) and STATA 13 (StataCorp LP, College Station, TX, USA) were used
for the statistical analysis. Several independent variables considered as risk factors for early
complimentary feeding were selected from the database. These included demographic factors, such as
maternal age, maternal education, socioeconomic status and parity, and biological factors, such as
maternal BMI, mode of delivery and infant’s health. In order to study the variations in complimentary
feeding by ethnic group, as well as the influence of breastfeeding in its timing, the model was also
adjusted for ethnicity, length of stay in the ROI, breastfeeding initiation and duration of exclusive
breastfeeding. Data was analysed using cross-tabulations, and the y” statistical test, as well as
multivariate binary logistic regression. Independent variables were included in the multivariate
analysis if they were significant in the bivariate analysis.

Mothers were asked to report their ethnic or cultural background. The following options were
provided; Irish, Irish traveller, any other white background, African, any other black background,
Chinese, any other Asian background, and other, including mixed background. A recoded binary
variable was constructed with two categories: Irish ethnic background and non-Irish ethnic
background. This recoded variable was then combined with a variable that asked non-Irish mothers
how long they had been residing in the ROI.

The dependent variable “early complimentary feeding” was constructed from a question in the
database that asked mothers to indicate when they started to give their infants solid foods at least twice
a day for several weeks. Solid foods were defined as baby cereals, pureed fruits, efc., and not milk or
drinks. The dependent variable used is therefore the age at which complimentary feeding was
established rather than the child’s age when solid foods were first introduced. Following ESPGHAN’s
guidelines, a binary dependent variable was created with two categories <17 weeks for early
complimentary feeding amd7 weeks for the acceptable introduction of complimentary
feeding [5,28]. Statistical significance was taken as a p-value of < 0.05. The weights were on for all
statistical analysis.

2.4. Definition of Covariates

Socio-economic status (SES) was assessed using three different indicators: household class,
equivalised household income quintiles and household type. Income is equivalised to take into account
household size and composition using the modified Organization for Economic Cooperation and
Development equivalence scale (first adult value, 1; second or higher adults, 0.5; children
aged < 14, 0.3). Primary and secondary caregivers were asked questions about their current occupation
to derive the variable household class. Where the respondent was economically inactive (retired or
unemployed) at the time of interview, previous employment was considered. The household class
classification adopted was that used by the Central Statistics Office (CSO): professional workers,
managerial and technical, non-manual, skilled-manual, semi-skilled, unskilled, all other gainfully
occupied and unknown and never worked at all. This variable was recoded to contain only five
categories: professional, managerial and technical workers; non-manual; skilled and semi-skilled
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manual; unskilled and all other gainfully occupied and unknown, and never worked at all. Household
type is a fourfold variable derived from whether the study child is living in a one or two parent family,
as well as the number of children (<18 years) living in the household. This resulted in a classification
as follows: one parent, one child; one parent, two or more children; two parents, one child;
two parents, two or more children [28].

Maternal education was coded as follows: no formal or primary education, secondary education and
third-level education. Maternal age was coded as follows2 4, 25-34 and>35 years old. Measured
parent BMI was classified according to the World Health Organization (WHO) classifications as
underweight <18.5 kg/m?, normal weight>18.5 and <25 kg/m?, overweight >25 kg/m* and <30 kg/m’
and obese >30 kg/m”* [28].

Mothers were asked about their infants’ overall health using the question: “In general, how would
you describe the baby’s current health” with response categories “very healthy, no problems”,
“healthy, but a few minor problems”, “sometimes quite ill” and “always unwell”. Children are defined
as having been breastfed if they consumed breast milk at any stage regardless of the amount of time
the baby was breastfed, including the colostrum in the first few days after birth. Exclusive
breastfeeding was defined as the infant receiving only breast milk without any additional food or drink,
regardless of the length of exclusive breastfeeding. The variable “duration of exclusive breastfeeding”
was constructed from the question “how old was the baby when he/she stopped being
exclusively breastfed” [28,29].

2.5. Missing Data

Some of the independent variables used in the analysis had a large percentage of missing cases:
maternal BMI (5.1%) and equivalised household annual income (7.8%). This would have resulted in a
proportion of the sample being lost from the analysis. In response, multiple imputation has been
carried out in STATA 13 using the variables maternal age, maternal education, father’s education,
household class, maternal employment status, current maternal smoking and migrant status to predict
the missing values in maternal BMI and equivalised household annual income.

3. Results
3.1. Characteristics of the Study Cohort

Table 1 shows the characteristics of mothers disaggregated by ethnic group. The primary caregiver
was defined as the person who spent the most time with the study infant. Irish mothers were younger
on average than non-Irish (31.7 years with SD 5.3 compared to 30.9 with SD 5.4). Of those mothers
with an Irish ethnic background, 49.5% initiated breastfeeding compared to 88.1% of those mothers
with a non-Irish ethnic background. The mean duration of any breastfeeding for those that breastfed at
all was 71.1 days (SD 66.4) for Irish mothers compared to 95.8 days (SD 69.2) for non-Irish. A higher
percentage of mothers with an Irish ethnic background (15.5% vs. 7.6%) introduced complimentary
foods early.
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3.2. Percentage of Infants’ Breastfed and the Introduction of Complimentary Feeding in the
<17 Weeks and >17 Weeks Categories Classified by Ethnic Group

Figure 1 shows that the ethnic group with the highest percentage of mothers who breastfed their
infants was African or any other black background, with 92.5% of mothers initiating breastfeeding.
This group was followed by Chinese mothers, with 91.6% of breastfeeding initiation. Figure 2 shows
the percentage of mothers introducing complimentary foods in the <17 weels/ awdeks
categories classified by ethnic group. Fifteen-point-five percent of mothers with an Irish ethnic
background introduced complimentary foods early (<17 weeks). The group with the lowest percentage
of mothers introducing complimentary foods early (4.8%) was Chinese or any other Asian background.

Figure 1. Breastfeeding initiation by ethnic group.
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Figure 2. Introduction of complimentary feeding by ethnic group.
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3.3. Predictors of Early Complimentary Feeding

Table 2 shows the adjusted model of significant factors that independently predicted early
complimentary feeding introduction for the whole sample. After adjustment, the significant factors
included the primary caregiver’s age, education, BMI, ethnicity and length of stay in the ROI,
household class, household type and exclusive breastfeeding duration.

Non-Irish mothers who had been living in the ROI < 6 years were 50.7% less likely to introduce
complimentary feeding early compared to Irish mothers (OR 0.493, 95% CI 0.371, 0.656). This
protective effect of ethnicity decreased with the length of stay in the ROI, with non-Irish mothers who
had been living in the ROI 11 to >20 years being 3.1% less likely to introduce complimentary feeding
early when compared to Irish mothers (OR 0.969, 95% C1 0.613, 1.532).

Those mothers who exclusively breastfed >90 days were 93.9% less likely to introduce early
complimentary feeding (OR 0.061, 95% CI 0.037, 0.101) when compared to those who did not
exclusively breastfed.

3.4. Effects of Acculturation on Breastfeeding Initiation and Early Complimentary Feeding

Figure 3 shows the effects of acculturation on breastfeeding initiation and early complimentary
feeding. Breastfeeding initiation in the non-Irish cohort reduced from 89.4 of mothers who had arrived
within the last year to five years ago to 67.5% for those who had arrived 11 to >20 years ago
(p < 0.001). The percentage of non-Irish mothers introducing complimentary foods early increased
from 6.6% for those who had arrived within the last year to five years ago to 16.0% for those who
arrived 11 to >20 years ago (p < 0.001).

Figure 3. The effect of acculturation on breastfeeding initiation and early complimentary feeding.
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4. Discussion

Breastfeeding is the most beneficial and nutritionally complete feeding method during infancy [30].
However, breastfeeding initiation rates in the ROI were the lowest compared to 14 European countries
in 2010 [21]. Despite modest increases in breastfeeding rates, as shown in the Perinatal Statistics
Report in 2012, these rates are still far from national targets and international averages [21,31-34].

In Table 1, it can be observed how a lower percentage of Irish mothers (49.5%) initiated
breastfeeding compared to their non-Irish counterparts (88.1%). These findings correlate with previous
studies in the ROI, which found similar percentages of breastfeeding initiation in the Irish and
non-Irish mothers [23,26,27]. The percentages between the two cohorts are nearer to each other when
mothers are asked about exclusive breastfeeding. However, the mean duration of any breastfeeding, as
well as exclusive breastfeeding is lower for the Irish cohort. Both cohorts are far from complying with
guidelines recommending six months of exclusive breastfeeding. However, a stronger predisposition
towards breastfeeding, possibly due to cultural differences, is observed in the non-Irish group.

Figure 1 also shows that breastfeeding initiation was higher in all other ethnic groups when
compared to the Irish cohort. The fact that any other white background has 86.5% breastfeeding
initiation concurs with the study findings from 2010 in which Ireland had the lowest breastfeeding
rates when compared to 14 European countries.

Differences in breastfeeding rates by ethnic background have been pointed out by other studies
internationally [35-39]. Acculturation plays a role in infant feeding practices; as shown in Figure 2,
the amount of non-national mothers initiating breastfeeding decreased the longer they had been living
in the ROI (p < 0.001). Moreover, the percentage of these mothers introducing complimentary foods
early also increased with a longer stay in the country (p < 0.001). This finding suggests the close
relationship between the early milk feeding method chosen and the introduction of complimentary
foods. Further exploration of the reasons behind these changes in infant feeding choices by non-Irish
mothers is needed. Factors, such as societal pressures, language barriers and the perception of
behaviours in the adopted culture as being modern, could potentially play a role in the
acculturation mechanisms.

The relationship between acculturation and milk feeding choices has been reported by different
studies in the United States (US) and Australia [40—44]. A study published in 2010 found that a group
of Chinese mothers living in Ireland had a less positive attitude and more misconceptions about
breastfeeding than a group of Chinese mothers living in Perth, Australia, suggesting a possible role of
‘acculturation’ and the mothers adapting themselves to the formula feeding culture of Ireland [45].
On the other hand, a 2013 study from Australia pointed out that Chinese mothers living in Perth had
higher breastfeeding initiation rates and a longer duration of breastfeeding than Chinese mothers in
Chengdu. Reported breastfeeding initiation rates in Australia are much higher than in the ROI [31,46].
These findings suggest that the culture of the adopted country may be an important influence on infant
feeding practices among migrants.

Lack of breastfeeding and the use of formula feeding have been related to early complimentary
feeding by many studies [14,15,17,18]. Formula feeding has been associated with impairment of
appetite self-regulatory mechanisms, leading to infants demanding the introduction of solids earlier,
with no subsequent reduction in milk intake during the complimentary feeding period. This
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interference with self-regulating mechanisms early in life could have long-term health consequences,
increasing the risk of being overweight and obesity later in life [7,8,13,47].

Several studies have linked early complimentary feeding to a higher risk of being overweight and
obesity during childhood and later in life [6,7,9]. An analysis of the same cohort at three years of age
found that those children who were introduced to complimentary feeding later had a lower prevalence
of being overweight or obesity [48]. Previous studies on complimentary feeding in the ROI have
shown poor compliance with current guidelines, with more than 70% of infants being introduced to
complimentary foods <17 weeks [15]. However, these studies did not explore ethnic variations in
complimentary feeding.

An important finding in this study is observed in Figure 2, which shows that a higher percentage of
Irish mothers (15.5%) introduced complimentary foods early when compared to the other ethnic
groups. It has to be noted that the prevalence of infants introduced early to complimentary foods in this
study is probably an underestimation, because mothers were asked for the child’s age at which point
solid foods had been regularly given. The group with the lowest percentage of mothers introducing
complimentary foods early were those of Chinese or any other Asian background (4.8%). Interestingly,
this was one of the ethnic groups with one of the highest breastfeeding rates, which suggests a close
relationship between early milk feeding and complimentary feeding.

The predictors of early complimentary feeding were studied for the whole sample. An important
finding is that belonging to a different ethnic background than Irish had a protective role against early
complimentary feeding, which was reduced with a longer length of stay in the ROI (Table 2). Figure 3
shows how the acculturation of non-Irish mothers resulted in a decrease in the breastfeeding rate,
which correlates with an increase in the percentage of mothers introducing early complimentary foods.
This finding highlights again the role played by acculturation and the adoption of formula milk in the
timing of complimentary feeding introduction.

The inclusion of the duration of exclusive breastfeeding in the adjusted model resulted in a loss of
the significance of breastfeeding initiation with little change in the rest of the significant predictors.
This result suggests the importance of exclusive breastfeeding and its potential role in the timing of
solids introduction and, ultimately, in the development of being overweight and obesity.

There is inconsistency in the results of studies on early complimentary feeding and the risk of
developing being overweight and obesity. Moreover, a longer duration of breastfeeding is associated
with the later introduction of complimentary foods. In the present study, a longer duration of exclusive
breastfeeding resulted in a decrease in the probability of early complimentary feeding. Therefore,
complimentary feeding could potentially be a confounder in the relationship between breastfeeding
and being overweight or obesity [49-52].

Another interesting finding was the fact that maternal BMI was a predictor of early complimentary
feeding. The relationship between being overweight, obesity and breastfeeding duration has been well
studied, suggesting that overweight and obese women are at higher risk of early cessation of
breastfeeding, due to biological and mechanical factors. [53-56].
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5. Strengths and Limitations

GUI is a large and nationally representative sample. The results of the study can be applied at a
population level, due to the application of the sampling weights. Parental BMI was measured by
trained professionals using validated techniques.

However, there are several limitations to the present study. It would have been desirable to collect
information on the first introduction of solids into the infant’s diet to allow comparability with other
studies on complimentary feeding. The results must also be interpreted with caution, as the information
was collected retrospectively, when the infant was nine months of age, increasing the possibility of
recall bias.

Maternal BMI was measured at the time of interview, which took place when the infant was nine
months old. Therefore, we assume that those mothers who were overweight or obese at that point in
time belonged to the same BMI category pre-pregnancy.

6. Conclusions

The results from this study suggest that, after adjusting for other maternal characteristics,
inappropriate infant feeding practices are more common among Irish mothers when compared to
non-Irish mothers residing in the ROI. Acculturation plays an important role in infant feeding practices
among non-Irish mothers. Therefore, cultural differences are an important factor in shaping patterns of
infant feeding in the ROI.

There is a strong association between breastfeeding and the early introduction of complimentary
feeding. The ROI continues to have one of the lowest breastfeeding rates in the world. Existing
policies to increase breastfeeding rates have been largely ineffective and with recent increases in the
breastfeeding rate explained by an increase in the proportion of non-Irish mothers residing in the ROI
and increasing maternal education and age, characteristics that are associated with a higher propensity
to breastfeed in Ireland. The immediate revision of current support, education and policies on infant
feeding practices would appear desirable to achieve the implementation of desirable infant feeding
practices in line with WHO and ESPGHAN recommendations.
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Abstract: Exclusive breastfeeding is known to have nutritional and health benefits. This
study investigated factors associated with exclusive breastfeeding among infants aged five
months or less in Timor-Leste. The latest data from the national Demographic and Health
Survey 2009-2010 were analyzed by binary logistic regression. Of the 975 infants included
in the study, overall 49% (95% confidence interval 45.4% to 52.7%) were exclusively
breastfed. The exclusive breastfeeding prevalence declined with increasing infant age,
from 68.0% at less than one month to 24.9% at five months. Increasing infant age, mothers
with a paid occupation, who perceived their newborn as non-average size, and residence in
the capital city Dili, were associated with a lower likelihood of exclusive breastfeeding. On
the other hand, women who could decide health-related matters tended to breastfeed
exclusively, which was not the case for others whose decisions were made by someone
else. The results suggested the need of breastfeeding promotion programs to improve the
exclusive breastfeeding rate. Antenatal counseling, peer support network, and home visits
by health workers could be feasible options to promote exclusive breastfeeding given that

the majority of births occur at home.
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1. Introduction

Exclusive breastfeeding means only breastmilk is allowed with the exception of medicine, vitamin
syrup and oral rehydration solution [1,2]. It is known that exclusive breastfeeding for six months can
protect infants from short term illnesses such as gastroenteritis, respiratory infection and under
nutrition; and in the long term, against chronic diseases such as type 2 diabetes, hypertension and
obesity [3,4]. The economic benefits include cost savings from avoiding illness, workdays lost and the
purchase of infant formula [5]. Moreover, it has been projected that 11.6% of child deaths in 2011
could be attributable to sub-optimal breastfeeding [6]. A variety of factors have been reported to affect
the practice of exclusive breastfeeding, including maternal characteristics (education, occupation,
health condition, age), infant characteristics (sex, birth order, illness), and cultural practices (initiation
of breastfeeding, time of introduction of complementary feeds) [7,8]. The effects of these factors vary
according to cultural context and related socioeconomic conditions.

Timor-Leste is one of the youngest countries in Asia which gained independence since 2002 [9].
The country went through a long armed conflict during 1990s, leading to destruction of most of the
infrastructure [9], leaving thousands of its citizens being displaced from East to West Timor [10]. The
majority of health workforce returned to Indonesia after independence. Only a small number of health
professionals remained to re-establish the health system with assistance from the United Nations,
expatriate workers, and other international support [10]. The population of Timor-Leste is estimated to
be 1.07 million in 2010 with a growth rate of 2.4% [11]. The country has a high infant mortality
(45 per 1000 live births) and under five mortality rate (64 per 1000 live births). The proportion of
under five children suffering from under-nutrition is still high: stunting (53%), wasting (17%) and
under-weight (52%) [11]. Exclusive breastfeeding has been found positively associated with infant
stature [ 12] and protective against overweight and obesity in childhood [13].

Currently, information on infant nutrition in Timor-Leste is lacking. A previous survey conducted
in 2003 [14] reported that breastfeeding was almost universal (97.6%), but a much lower exclusive
breastfeeding rate of 30.7% for infants less than 6 months. Some health infrastructures have been
restored after independence in 2002. For instance, 5 hospitals, 69 health centers and 85 health posts
have been established between 2002 and 2005. A national referral hospital and community health
centers were also functioning by this time with the support from the government and international
community. The per capita expenditure on health was US $45 in 2006 (7.5% of GDP), higher than
many other Asian countries [9]. As part of the global measure Demographic and Health Surveys
(DHS) project, an updated Timor-Leste DHS was conducted during 2009—-2010 [11]. The aim of the
present study was to investigate factors associated with exclusive breastfeeding among infants aged
five months or less based on the updated information from the national DHS, findings from which will
enable policy makers and public health researchers to develop interventions to improve exclusive
breastfeeding in the country.
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2. Methods
2.1. Survey Design

DHS are conducted every five years in more than 50 countries using a validated questionnaire. The
Timor-Leste DHS 2009-2010, conducted in two stages, was the second survey after the initial 2003
DHS. During the first stage, 455 enumeration areas were selected based on probability proportionate to
size: 116 urban and 339 rural areas. More rural samples were included because the majority of the
Timor-Leste population lives in rural areas. At the second stage, 27 households were selected
randomly from each enumeration area following a systematic sampling procedure.

2.2. Participants

The final survey included 11,463 households, comprising 9806 children under five years of age.
The present study focused on the subgroup of 975 infants (1) with a singleton birth; (2) who were aged
less than six months; (3) alive and living with the respondent; and (4) who were the youngest child in
the family; in order to avoid the selection of children from the same household and parents. The DHS
was approved by the ethics committee of Macro International Inc. and the Ministry of Health of
Timor-Leste. The data were de-identified and made available for public use [15].

2.3. Exclusive Breastfeeding

The operational definition of exclusive breastfeeding, as defined by the World Health Organization
(WHO) infant feeding guidelines [2], was adopted: “infants 0—5 months of age who are fed exclusively
with breastmilk”. Apart from breastmilk or wet nurse’s milk, no other fluid was allowed, with the
exception of oral rehydration solution, drops or syrups (vitamins, minerals and medicine). The binary
status of exclusive breastfeeding (coded as ‘1’ for yes and ‘0’ for no) was determined for each of the
975 selected infants. Previous published studies have used such definition to report a period prevalence
of exclusive breastfeeding based on 24-h recall [16,17], but it should not be treated as the rate of
exclusive breastfeeding for six months.

2.4. Independent Variables

Selection and categorization of independent variables in this study were based on literature
review [14,18]. Maternal age was recoded into three groups: 15-19, 20-34 and 35-49 years.
Frequency of antennal care (ANC) visit was categorized as: 0, 1-3 and >4. Mother’s perceived size of
newborn was coded as: small, average and large. Religion was originally recorded as: Roman Catholic,
Muslim, Protestant, Hindu and others. Because the vast majority of population follows Roman
Catholic, the other religions were grouped together. Maternal occupation was re-categorized as: no
paid work (housewives and household work), agriculture (self-employed or employee), professional,
clerical, sales and services, and manual work (skilled or unskilled). Education level was classified as:
no education, primary, secondary and higher. Decision making on health had three categories:
respondent alone, respondent with others (e.g., husband), others only (e.g., husband or someone
else) [19]. Place of delivery was regrouped as either health facility (national hospital, referral hospitals,
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community health centers, health post, SisCa post, private sectors, Marrie stops) or home (home of
respondent or others). Birth order referred to: first time birth, second or third, and fourth or above.
Residential location was defined as either rural or urban.

2.5. Statistical Analysis

Timor-Leste is divided into 13 administrative districts, which has been incorporated into the
analysis to examine geographical differences in the 24-h period prevalence of exclusive breastfeeding
among infants aged <6 months. Further age-wise disaggregated proportions of exclusive breastfeeding
were reported at age <l month, 1, 2, 3, 4, and 5 months. Factors associated with exclusive
breastfeeding were screened by Chi-square tests and then assessed by backward stepwise logistic
regression [20], taking into account the apparent collinearity between independent variables. Complex
sample analysis was performed to estimate proportions, odds ratios and their 95% confidence
intervals (CI) [21].

3. Results

3.1. Exclusive Breastfeeding

As shown in Table 1, of the 975 infants aged <5 months, overall 49% (95% CI 45.4% to 52.7%)
were exclusively breastfed in the 24 h preceding the 2009-2010 survey. The exclusive breastfeeding
prevalence appeared to decline with increasing infant age, from 68.0% at less than one month to 24.9%
at five months. In particular, a sharp decrease was observed between the 4th and 5th month postpartum

for the respondents.

Table 1. Prevalence of exclusive breastfeeding by infant age, Timor-Leste, 2009-2010

(n=975).
Infant Age n Prevalence
(months) (95% Confidence Interval)
<1 80 68.0 (55.4, 78.5)
1 177 67.6 (59.2, 75.0)
2 151 56.5 (46.5, 66.1)
3 183 48.5 (40.5, 56.6)
4 209 41.8 (34.3,49.7)
5 175 249 (19.5,31.2)
<5 975 49.0 (45.4, 52.7)

3.2. Sample Characteristics

The distribution of maternal age (years) was: 15-19 (6.8%), 20-34 (67.5%), 35-49 (25.7%).
The majority (78.6%) of participants resided in rural areas. About one-third (34.6%) of mothers and
just over a quarter (28.5%) of fathers received no education. The majority of women had no paid
employment (73.2%) and followed Roman Catholic as their religion (98.2%). More of them came
from poorer (45.4%) than middle class (39.6%) and rich households (15%). Most respondents did not
read newspaper (70.3%), listen to the radio (59.9%), or watch television (68.6%) at all.
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Slightly more than half (52.7%) of mothers had high parity &4), with only 17.4% being first time
motherhood. Only 52% of the women had paid four or more ANC visits. There were more male
(52.9%) then female (47.1%) infants. The majority of infants were born at home (74.2%) by vaginal
delivery (98.3%). Surprisingly, only about a quarter (26.6%) of women could make decision by
themselves with regard to health-related matters. Although 56% of mothers perceived their newborn as
average size, 18.5% believed they were small size. Most mothers (88.8%) initiated breastfeeding
within one hour of delivery. Only a small proportion (2.9%) of mothers continued to smoke at the time
of the survey.

A number of socio-demographic and health-related variables appeared to be associated with the
prevalence of exclusive breastfeeding according to Chi-square tests. These included residential
location (P = 0.014), ecological region (P < 0.001), maternal occupation (P < 0.001), wealth status
(P = 0.003), frequency of listening to the radio (P = 0.007), frequency of watching television
(P =0.004), and decision making on health (P = 0.026).

3.3. Factors Affecting Exclusive Breastfeeding

Stepwise logistic regression analysis further confirmed that infant age, ecological region, maternal
occupation, perceived size of newborn, and decision making on health were significantly associated
with exclusive breastfeeding; results of which are shown in Table 2. In particular, increase in infant
age could reduce the likelihood of exclusive breastfeeding, consistent with the previous observation on
the decline in exclusive breastfeeding prevalence by advancing infant age in Table 1. When compared
to the capital city Dili, mothers from other regions were more likely to exclusively breastfeed their
infants. On the other hand, mothers who maintained employment seemed less likely to continue
exclusive breastfeeding than their non-working counterparts. Those mothers who perceived their
newborn as either large or small size were also less likely to exclusively breastfeed. Finally, mothers
who could decide health-related matters by themselves tended to exclusively breastfeed, which was not
the case for others whose decisions were made by someone else.

4. Discussion

This study found that half (49.0%, 95% CI 45.4% to 52.7%) of the infants aged five months or
below were exclusively breastfed at the time of the 2009—2010 DHS, which appeared to increase
substantially from the previously reported 24-h recall prevalence rate of 30.77% (95% CI 27.2% to
34.5%) in 2003 [14]. According to the report by UNICEF [22], the proportion of exclusively breastfed
children of 0-5 months during the period 2000-2007 was 43% in East Asia and Pacific, 44% in
South Asia, and 39% overall in developing countries. However, the differences in survey period
between countries should be taken into account. The apparent increase in exclusive breastfeeding
prevalence may be attributable to a number of changes in Timor-Leste since 2003. The country has
become more stable after the conflict, with social and health services being restored [9,11]. While it is
encouraging to note the improvement in exclusive breastfeeding practice, the rate is still much lower
than the recommended 90% by the WHO [23].
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Table 2. Factors associated with exclusive breastfeeding in Timor-Leste, 2009-2010 (n = 975).

Adjusted Odds Ratio
Factor n (%) EBF (%) |
(95% Confidence Interval) *
Infant age (months) Mean 2.81 SD 1.58 0.67 (0.60, 0.71) <0.001
Ecological region <0.001
Dili (Capital) 86 (6.3) 30 (33.2) 1.00
Aileu 83 (8.5) 61 (73.6) 8.05 (3.43, 18.89)
Ainaro 73 (7.5) 49 (67.2) 5.10(2.49, 10.43)
Baucau 65 (6.7) 36 (52.3) 2.83(1.23,6.51)
Bobonaro 78 (8.0) 30(39.4) 1.23 (0.62, 2.44)
Cova Lima 61(6.3) 21 (34.0) 1.06 (0.51,2.21)
Ermera 102 (10.5) 52 (50.4) 2.21(1.10, 4.44)
Liquica 84 (8.6) 53 (63.3) 3.75(1.90, 7.38)
Lautem 72 (7.4) 35 (46.5) 1.93 (1.03, 3.64)
Manufahi 63 (6.5) 39 (61.6) 3.80 (1.75, 8.28)
Manatuto 81 (8.1) 34 (41.5) 1.44 (0.76, 2.74)
Oecussi 84 (8.6) 50(59.5) 3.98 (2.21,7.15)
Viqueque 43 (4.4) 24 (55.3) 2.26 (2.21,7.15)
Maternal occupation 0.003
No paid work 712 (73.2) 394 (52.8) 1.00
Agriculture 176 (18.1) 91 (46.1) 0.68 (0.46, 1.02)
Professional, clerical,
. 67 (6.9) 23 (24.3) 0.33 (0.18, 0.62)
sales, services
Manual work 18 (1.8) 5(34.4) 0.67 (0.19, 2.31)
Perceived size of newborn 0.009
Average 536 (56.0) 301 (53.0) 1.00
Small 177 (18.5) 90 (45.6) 0.61 (0.39, 0.93)
Large 244 (25.5) 114 (43.2) 0.58 (0.38, 0.88)
Decision making on health 0.023
Others only 106 (11.1) 43 (35.1) 1.00
Respondent alone 254 (26.6) 143 (52.1) 2.02 (1.11, 3.67)
Respondent with others 595 (62.3) 318 (50.6) 1.63 (0.89, 2.98)

EBF: exclusive breastfeeding. * From backward stepwise logistic regression; variables excluded were: maternal age,
residential location, maternal education, paternal education, religion, sex of infant, wealth status, frequency of reading
newspaper/magazine, frequency of listening radio, frequency of watching television, birth order, frequency of antenatal

care visit, maternal tobacco smoking, method of delivery, place of delivery.

The prevalence of exclusive breastfeeding declined with increasing infant age, from 68.0% at less
than one month to 24.9% at five months. The inverse association between infant age and exclusive
breastfeeding practice was also observed in other Asian countries such as Bangladesh, China and
Nepal [18,24,25]. According to the local culture, it is common that Timorese infants are introduced
complementary foods at about the 4th month. The decision is usually made by the senior women of the
family such as the grandmother or grandmother-in-law.

Mothers residing in Dili were less likely to breastfeed exclusively when compared with mothers
from other regions. Such regional differences have been reported by previous studies in Timor-Leste
and other Asian countries [14,17]. Dili is the capital and economic center of the country, where infant
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formulas are readily accessible at supermarkets. Besides, the capital city citizens are more exposed
to advertisement of infant formula, consequently leading to the early cessation of exclusive
breastfeeding [26].

Moreover, women who maintained employment after giving birth were less likely to provide
exclusive breastfeeding to their infants than their non-working counterparts. Similarly, Chinese
mothers who had to return to their office job before six months were unlikely to breastfeed their infant
exclusively [24]. Another qualitative study from Bangladesh reported that caretakers introduced
formula, cow or buffalo milk when mothers attended work [27]. Working mothers in Timor-Leste are
entitled to less than three months of maternity leave. This short duration makes it difficult to continue
exclusive breastfeeding.

Newborns perceived to be non-average size by their mothers were less likely to be exclusively
breastfed. Experience in other countries has similarly shown that preterm and low birth weight infants
are breastfed for shorter duration [28]. Mothers may experience a number of barriers to breastfeed
smaller infants, for instance, poor sucking, infants being kept separately for intensive care, illness, and
lack of confidence [29], which may lead to the early introduction of complementary foods.

In this study, Timorese mothers who could decide health-related matters tended to continue
exclusive breastfeeding, when compared with those that relied on the advice from someone else. This
finding was consistent with the literature, which suggested that the ability of a woman to make
decision on utilization of services can lead to better maternal and child health outcomes [19,30].

Several issues should be considered when interpreting the results. This study utilized the dataset
from the latest national survey with a representative sample and a high response rate, while complex
sample analysis was performed to account for the sampling strategy and sample weight [21].
Therefore, the findings are generalizable to the entire country. However, the 24-h recall would
inevitably induce over-reporting of exclusive breastfeeding at six months [31] so that caution should
be taken [2]. The DHS data nonetheless remain the only available information to estimate exclusive
breastfeeding rate in many developing countries.

There is an immediate need of breastfeeding promotion programs in Timor-Leste. Given the high
infant and child mortality in the country [11], improving the practice of exclusive breastfeeding will
reduce such burden and partially overcome the problem of under-nutrition. Antenatal counseling on
breastfeeding and peer support network are recommended [32]. Because the majority of births occur at
home, home visits by health workers/volunteers would be an effective option to consider by healthcare
planners to further promote exclusive breastfeeding and to increase its duration.

5. Conclusions

Slightly less than half the infants in Timor-Leste were exclusively breastfed within 24-h preceding
the latest national survey. This represented a significant improvement in exclusive breastfeeding
practice since 2003 when the country restored peace. Mothers should be provided with continuous
support to sustain their initial high rate of exclusive breastfeeding for six months. It is desirable to
target mothers who are working, who perceive their newborns as non-average size and those residing
in the capital Dili for breastfeeding promotion programs. In addition, mothers must be involved in the
decision making process so that they can sustain breastfeeding exclusively.
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Abstract: The purposes of this paper are to report the prevalence of breastfeeding to
six months among women in Kuwait and to determine the factors that are associated with
the duration of breastfeeding. A cohort of 373 women recruited from maternity wards in
four hospitals in Kuwait city were followed from birth to 26 weeks postpartum. The
association of any and full breastfeeding duration and predictor variables were explored
using multivariate Cox’s proportional hazards models. At six months, 39% of all infants
were receiving some breast milk and only 2% of infants had been fully breastfed to
26 weeks. Women born in other Arab countries were less likely to discontinue
breastfeeding than women born in Kuwait. Other factors positively associated with
breastfeeding duration were level of maternal education, higher parity, infant being
demand fed in hospital and a preference for breastfeeding on the part of the infant’s father
and maternal grandmother. The introduction of a pacifier before four weeks of age and the
mother intending to return to work by six months were negatively associated with duration.
These findings present a number of opportunities for prolonging breastfeeding duration

in Kuwait.
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1. Introduction

Breastfeeding is an unequalled way to feed an infant. In addition to its unique nutritional properties,
human breast milk contains a wide-variety of immunoprotective factors that augment the immature
immune system of the infant [1]. Infants who are formula fed are at greater risk of infections common
to infancy including gastroenteritis, respiratory infection and otitis media [2]. The World Health
Organization (WHO) and the United Nations Children’s Fund (UNICEF) recommend that infants be
exclusively breastfed for the first six months of life with breastfeeding continuing for up to two years
of age or beyond [3]. The wide-spread practice of delayed initiation of breastfeeding and prelacteal
feeding [4-8], along with the early introduction of complementary feeding [9] in the Middle Eastern
region however, mean that very few infants in this region are exclusively breastfed from birth for
six months as recommended.

Breastfeeding practices are influenced by a complex mix of factors which are related to maternal
and family socio-demographic characteristics, biomedical factors, health-care practices, psychosocial
factors, social support, community attitudes, and public policy factors [10,11]. The direction of effect
of these factors is not consistent across all cultures. For instance, in industrialised countries, better
educated women are more likely to initiate breastfeeding and to breastfeed for longer than their less
educated counterparts, whereas in poorer countries the opposite tends to be the case. In common with
industrialised countries [10—-12], amongst Middle Eastern women breastfeeding duration has been
positively associated with maternal age [13—16] and parity [14,17,18]. Whereas inconsistent
associations have been reported for level of maternal education with breastfeeding duration being
associated both negatively [16,19,20] and positively [17] with a higher level of maternal education.
Other factors reported to be negatively associated with duration of breastfeeding include maternal
employment [17,19-22], mode of delivery [21,23-25] and the use of infant formula while in
hospital [24-26].

Regular breastfeeding surveillance is essential to determine the extent to which national
breastfeeding targets are being met, the impact of breastfeeding promotion interventions and how
breastfeeding practices are changing over time. In addition, it is important to investigate the
determinants of infant feeding practices so that breastfeeding interventions can be targeted at the most
vulnerable population groups and address potentially modifiable risk factors which adversely affect
breastfeeding practices. Relatively few studies have investigated infant feeding practices in
Kuwait [27-29] and none have been longitudinal in nature. The reported mean duration of
breastfeeding appears to have declined from 6.4 months in 1988 [27] to 4.9 months in 1997 [28] and
there is a lack of more recent data to determine if this downward trend has continued. The aim of the
Kuwait Infant Feeding Study (KIFS) was to identify the incidence and prevalence of breastfeeding up
to 26 weeks postpartum among a population of women living in Kuwait and to identify the factors
associated with the initiation and duration of breastfeeding. The determinants of breastfeeding
initiation have been reported previously [30] and the purposes of this paper, therefore, are to report the
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prevalence of breastfeeding to six months and to determine the factors that are associated with the
duration of breastfeeding.

2. Experimental Section
2.1. Recruitment of Subjects

A prospective cohort study of infant feeding practices among women in Kuwait was conducted
between October 2007 and October 2008. The study methods have been described previously [30], but
briefly mothers were recruited from three major public hospitals and one private hospital located in
Kuwait City. Within 72 h of delivery, eligible mothers were visited and invited to participate in the
study by the researcher (MD) who provided a written and verbal description of the study. Women were
considered to be eligible for the study if they were able to read or understand Arabic or English and
had delivered a live, healthy, singleton of 36 weeks or more gestational age. Mothers whose infants
were admitted to the Special Care Nursery (SCN) for minor illnesses or observation were eligible
for recruitment.

The study was approved by the Medical Faculty Ethics Committee of the University of Glasgow,
(Application No. FM03906: Approved May 29, 2007) and by the Ministry of Health in Kuwait.
Participants provided signed informed consent and were advised that they could refuse to participate or
withdraw from the study at any time, without prejudicing their post-natal care or the care of their baby.

2.2. Data Collection

Mothers who agreed to join the study were interviewed face-to-face to complete a baseline
questionnaire prior to discharge from hospital. Women who declined to participate were asked to
provide some basic socio-demographic data to determine if the sample were representative of the
population of women giving birth at the participating hospitals. All participants were followed up by
telephone interview at 6, 12, 18 and 26 weeks postpartum. Data were collected using questionnaires
previously used in similarly designed studies of Australian women [31] and modified slightly to meet
the needs of this study population. Information on socio-demographic characteristics, maternal
lifestyle factors, infant characteristics, biomedical factors, hospital practices, psychosocial factors and
feeding practices were collected at baseline. Information on current feeding practices, changes to
feeding practices, breastfeeding experiences and introduction of a pacifier were collected during
follow-up interviews.

Infant Feeding Assessments

Breastfeeding terms used in this study were those defined by the World Health Organization [3].
An infant was considered to be exclusively breastfed when he or she had received only breast milk
with no other liquids (except for oral rehydration solutions (ORS), drops or syrups) or complementary
(solid) foods, and to be predominantly breastfed when he or she received breast milk as the main
source of nourishment, with certain liquids (water, water-based fluids, fruit juices, ritual fluids, ORS,
drops or syrups) but received no other liquids (including formula milk and non-human milks)
or complementary foods. Full breastfeeding was defined as either exclusive or predominant
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breastfeeding [32]. Any breastfeeding was defined as an infant who was receiving breast milk, with or
without formula, other milks, fluids or complementary foods. Duration of exclusive, predominant and
any breastfeeding was determined by using information about the age at which other types of milks,
liquids (e.g., water, fruit juice) and/or complementary foods were introduced in the first
six months of life. In this study, prelacteal feeding was defined as the act of giving any liquid or food
item (except breast milk) to a newborn within the first three days after birth [33].

2.3. Statistical Analysis

We explored the associations of breastfeeding duration and a variety of characteristics and practices
reported in the literature to be associated with the duration of breastfeeding using Cox’s proportional
hazards model. This model allows joint estimation of the effects of independent variables on the risk of
cessation of breastfeeding and can be used to analyze data that contain censored observations [34]. We
tested the role of: (1) socio-demographic factors (maternal age, education, country of birth,
employment plans for six month postpartum); (2) maternal lifestyle factors (pre-pregnancy BMI
calculated from self-reported weight and height, smoking during pregnancy); (3) infant factors
(gender, having spent time in the SCN); (4) biomedical factors (parity, delivery method, breastfeeding
problems at baseline, breastfeeding problems at six weeks postpartum, age at which pacifier was
introduced) (5) hospital practices (time to first breastfeed, composition of infant’s first feed, use of
prelacteal feeds, infant roomed-in, infant demand fed in hospital); and (6) psychosocial factors (when
decided on feeding method, whether pregnancy was planned, father’s feeding preference, maternal
grandmother’s feeding preference, paternal grandmother’s feeding preference). The association of
individual variables and the duration of any and full breastfeeding was first evaluated in a univariate
model. Any variable with a P-value of <0.100 was then included in a multivariate model which was
reduced using the backward stepwise procedure. The fitness of each model was assessed at every step
to avoid dropping non-significant variables that affected the model fitness. All variables in the final
model were variables for which, when excluded, the change in deviance compared with the
corresponding statistics on the relevant degrees of freedom was significant. Statistical analyses were
performed using the Statistical Package of Social Sciences version 19 (SPSS Inc., Chicago, IL, USA).

3. Results

A total of 439 women were invited to participate in the study and 373 mothers completed the
baseline questionnaire while in hospital, giving a response rate of 85%. There were no significant
differences between participants and those declining to participate (n = 66) with respect to age
(> 4413, P = 0.110), level of education (y* 2.455, P = 0.117) and chosen method of feeding at
discharge (x> 447, P = 0.800), suggesting that the sample was representative of the population from
which it was drawn [30]. In all, 80 women dropped out of the study prior to completing the final
follow-up interview at 26 weeks however, there were no differences in the age, level of education and
chosen feeding method of those who completed or withdrew from the study (data not reported). Data
for the duration of any and full breastfeeding for women who withdrew were censored in accordance
with the woman’s status at the time of last contact, allowing all participants to be included in the
survival analysis.
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Almost all women (92.5%) initiated breastfeeding, and at six months, just over one third of all
infants (39%) were receiving some breast milk and only 2% of infants had been fully breastfed to
26 weeks (Table 1). As not all women had ceased breastfeeding it was not possible to estimate mean
duration of breastfeeding, however the median duration of any breastfeeding was 13.9 weeks and the
mean duration of those women who had stopped breastfeeding before 26 weeks was six weeks. The
median duration of full breastfeeding was less than one week with 50% of infants having received
formula feeds within the first week post-partum.

Table 1. Prevalence * of full and any breastfeeding at selected ages.

Age (weeks) Any Breastfeeding (%) Full Breastfeeding (%)
4 66 31
8 56 26
12 53 22
26 39 2

* Survival analysis using censored cases.

The majority of women who initiated breastfeeding (n = 345) were between 25 and 34 years of age
(64.3%), born in Kuwait (54.2%) and had completed 12 or more years of education (78%). Just over
one third of women had delivered by Caesarean section (36.5%). Delayed initiation of breastfeeding
and prelacteal feeding were the norm amongst this cohort with just over one half of women (52.8%)
initiating breastfeeding more than 24 h after giving birth and the majority of infants (88.7%) receiving
formula as either their first feed and/or at some time during the first three days of their hospital stay
(Table 2). Only one third of women who initiated breastfeeding left hospital fully breastfeeding their
infant, with the majority of women (59.4%) partially breastfeeding. A small number of women
(n =29, 8.4%) who initiated breastfeeding left hospital exclusively formula feeding.

3.1. Univariate Analysis

Due to the small number of breastfed infants (11.3%) who had been exclusively breastfed whilst in
hospital we investigated the association of covariates with the duration of full and any breastfeeding
for the first six months of life. In the univariate analysis (Table 2), the duration of any and/or full
breastfeeding was associated with socio-demographic factors (maternal age, country of birth and level
of education), parity, prelacteal feeding, introduction of a pacifier, whether a mother had roomed-in for
24 h with her infant and psychosocial factors (partner’s and maternal grandmother’s support
for breastfeeding).

3.2. Multivariate Analysis

Table 3 shows the results of the multivariate analysis. After adjustment, maternal level of education
and country of birth were independently associated with both duration of full and any breastfeeding.
Mothers with 12 or more years of education were less likely to stop any (Adjusted Hazard Ratio
(AdjHR) = 0.68) and full (AdjHR = 0.74) breastfeeding during the six month follow-up period
compared with mothers with less than 12 years of education. Similarly, mothers born in other Arab
countries were less likely to stop any (AdjHR = 0.53) and full (AdjHR = 0.65) breastfeeding compared
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with women born in Kuwait. Mothers who did not intend to return to work within six months
post-partum (AdjHR = 0.76) and those who did not experience breastfeeding problems in hospital
(AdjHR = 0.80) were less likely to have stopped full breastfeeding. Conversely, women who did not
feed on demand while in hospital (AdjHR = 1.28) or whose partner preferred formula feeding or was
ambivalent as to how his child was fed (AdjHR = 1.33) were more likely to stop full breastfeeding.
Multiparous women (Adj HR = 0.63) were less likely to cease any breastfeeding while those women
who introduced a pacifier to their infant before four weeks (AdjHR = 1.66) or whose own mother
preferred formula feeding or was ambivalent as to how her grandchild was fed (AdjHR = 2.11) were
more likely to stop breastfeeding during the six month follow-up period.

3.3. Reasons for Discontinuing Breastfeeding

The reasons given by mothers for stopping breastfeeding are given in Table 4. The majority of
women (86.8%) indicated that they were concerned about the adequacy of their breast milk in terms of
either quantity or quality. Almost half (49.1%) indicated that their baby had either weaned them self,
preferred a bottle or were ready for solids. A notable proportion stopped breastfeeding because they
had returned to work or study. Only a small number of women cited mother-centered reasons like
inconvenience and dislike of breastfeeding. The reasons for cessation did not vary markedly according
to the infant age at which women stopped breastfeeding.

4. Discussion

While breastfeeding initiation is virtually universal amongst women living in Kuwait, targets for
breastfeeding duration are not being met, with no woman in this study exclusively breastfeeding to six
month of age and only 2% of women fully breastfeeding their infants to this age. As not all women had
ceased breastfeeding by 26 weeks, it was not possible to estimate mean duration of breastfeeding
however, the median duration of any breastfeeding was slightly more than three months and the mean
duration of those women who had stopped breastfeeding before 26 weeks was six weeks. This suggests
that the mean duration of any breastfeeding in Kuwait is likely to be less than the 4.9 months reported
in 1997 [28] and that breastfeeding duration is declining.

In this study, women born in other Arab countries were less likely to have discontinued any and full
breastfeeding than women born in Kuwait or other countries. These women are likely to be the wives
of Middle Eastern guest workers employed in the oil and construction industries and the infant feeding
practices of these women likely reflect those of their home country where children are breastfed for
longer than infants in Kuwait. For instance, contemporaneous studies have reported a mean duration of
breastfeeding of 8.6 months in the UAE [16] and 7.6 months in Bahrain [35], and a median duration of
12.4 months in Jordan [36]. A recent study in Kuwait reported that Kuwaiti mothers use bottle feeding
more than the non-Kuwaiti mothers [37] which is consistent with our findings. Al Fadli et al. [37]
proposed that such practice could be explained by the lifestyle changes that occurred in Kuwait due to
oil revenue and through using modern technology similar to what happened in Western countries in the
1960s and 1970s.
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Table 2. Cont.

91

Missing 14
Infant’s first feed

Formula/other 277
Breast milk/colostrum 68

Prelacteal feed given
Yes 306
No 39

Infant roomed-in for 24 h/day
Yes 183
No 162
Infant fed on demand in hospital

Yes 245
No 100

Psycho-social factors
When decided how to feed infant

Before pregnant 262
After pregnant 83
Planned pregnancy
Yes 196
No 149
Father’s infant feeding preferences
Prefers breastfeeding 280
Prefers Bottle or ambivalent 65
Maternal grandmother’s infant feeding preference
Prefers breastfeeding 312
Prefers Bottle or ambivalent 33
Paternal grandmother’s infant feeding preference
Prefers breastfeeding 261
Prefers Bottle or ambivalent 84

4.1

80.3
19.7

88.7
11.3

53.0
47.0

71.0

29.0

75.9

24.1

56.8
43.2

81.2
18.8

90.4
9.6

75.7
24.3

1.00
0.75

1.00
0.42

1.00
0.81

1.00

1.41

1.00

0.97

1.00
0.80

1.00
1.64

1.00
2.06

1.00
1.15

0.49-1.13

0.22-0.80

0.59-1.10

1.01-1.95

0.66—-1.43

0.58-1.09

1.14-2.36

1.26-3.36

0.81-1.63

0.162

0.008

0.183

0.042

0.884

0.155

0.008

0.004

0.448

1.00
0.89

1.00
0.69

1.00
1.10

1.00

1.25

1.00

1.24

1.00
0.83

1.00
1.46

1.00
1.59

1.00
1.11

0.68-1.15

0.50-0.97

0.89-1.36

0.99-1.58

0.97-1.59

0.67-1.03

1.11-1.92

1.10-2.28

0.87-1.42

0.336

0.031

0.401

0.064

0.089

0.085

0.007

0.013

0.400

* N =Number of subjects; ®Other Arab countries included Algeria, Egypt, Iran, Iraq, Jordan, Lebanon, Morocco, Palestine, Qatar, Saudi Arabia, Syria, Yemen.
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This study found no independent association with maternal age but, consistent with the findings of
studies of women in Western countries [11,12], breastfeeding duration was positively associated with
level of maternal education and parity, and negatively associated with maternal employment. Women
with 12 or more years of education were less likely to have discontinued any or full breastfeeding
compared with women with less than 12 years of education. Multiparous women were less likely to
discontinue any breastfeeding than primiparous women which is consistent among women from
Western [11,12] and other Middle-Eastern [14,18,22,23] countries. Previous breastfeeding success is a
strong predictor of breastfeeding duration [12] and in general women breastfeed for longer with each
successive pregnancy.

While there was no association with the duration for any breastfeeding, women who did not
intend to return to work within 26 weeks were less likely to have discontinued full breastfeeding than
those who planned to return to work. This suggests that women supplement breastfeeding with formula
feeding either on return to work or in preparation for a return to work. This negative association
between early return to work and breastfeeding duration has been reported in studies of women from
other Middle-Eastern countries [17,19,20,22] and is consistent with studies of women from Western
countries [31,38—40], and suggests that women everywhere have difficulty combining working with
exclusive breastfeeding.

Other factors negatively associated with the continuation of full breastfeeding were whether prior to
discharge the mother had experienced breastfeeding problems or her infant had been fed on demand,
both of which may be inter-related. Milk production is directly related to suckling frequency [41] and
there is evidence that fixed feeding schedules lead to insufficient milk supply and breastfeeding
problems [42]. These findings highlight the importance of unrestricted breastfeeding in the early post-
partum period to the successful establishment of breastfeeding. Hospital staff should encourage
demand feeding and support and encourage women to persevere when they are experiencing difficulty
establishing breastfeeding rather than resorting quickly to supplementing breast milk with formula.

This was the first study to investigate the association between pacifier use and breastfeeding
duration among Middle Eastern women. The incidence of pacifier use amongst breastfeeding women
in Kuwait (40%) was approximately half that reported for women in Australia [43,44] and the USA [45],
and introduction of a pacifier before four weeks of age was found to be negatively associated with any
breastfeeding duration which is consistent with the international literature [46]. While the mechanism
remains unclear, it has been suggested that the non-nutritive sucking on a pacifier reduces the
frequency of nutritive sucking from the breast, thereby leading to less stimulation of the breast and
consequently less milk production [43,45].

Finally, this study highlights the importance of social support for breastfeeding. Support can come
from a woman’s partner, family and friends, and the degree to which each of these groups influences a
woman’s decision to breastfeed varies according to the mother’s age, social class and cultural or ethnic
background [47]. In traditional societies, women rely more on the advice and support of their mother,
whereas in Western cultures they are more likely to identify their husband as their main source of
support [48]. This and other studies of Muslim women have highlighted the importance of grandmothers
both in providing practical support and as major influences on infant feeding decisions [8,49]. Advice
received from their mother and mother-in-law can have both a negative and positive affect on a
woman’s breastfeeding practices. For instance, on one hand, breastfeeding is promoted in the Quran
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(4! Bagara, 233) and by elders as the desired way to feed an infant, and the mean duration of
breastfeeding is longer in most Muslim countries than in Western countries. On the other hand, there is
a common perception amongst older women that the heavier the baby the healthier he or she is. There
is anecdotal evidence that Kuwaiti grandmothers often encourage topping up with formula to ensure
the baby is satiated and to stop hunger cries, which explains in this study the positive association with
any breastfeeding but not full breastfeeding.

This study also showed that a husband’s preference for breastfeeding over formula feeding was
positively associated with breastfeeding initiation [30] and longer duration of full-breastfeeding which
is consistent with Western studies [31,50,51]. To the best of our knowledge, no Middle-Eastern study
has investigated previously the association of paternal attitudes and breastfeeding duration. There is,
however, some evidence from Middle Eastern studies that support from a woman’s husband is
important for breastfeeding success and a study of women in Saudi Arabia found that mothers were
more likely to initiate breastfeeding if their partners supported breastfeeding [25]. A Turkish
intervention study reported the positive effects of an antenatal education program for fathers on their
reproductive health knowledge, attitudes and behaviours, and women whose husbands attended these
classes reported that their husbands became more supportive and communicative [52].

Women everywhere doubt the adequacy of their milk supply [53] and in this study more than eight
in 10 women gave this as one of their reasons for discontinuing breastfeeding. Perceived breast milk
insufficiency or insufficient milk syndrome (IMS) is frequently associated with the premature
introduction of complementary foods [9] and with the cessation of breastfeeding [14,16] in Middle
Eastern countries. It has been proposed [53] that IMS is increasing with “aspects of ‘modernization’:
urbanization, education, and female employment—factors that are repeatedly found to be inversely
associated with both the prevalence and duration of breastfeeding” (p42). It has been suggested that
‘insufficient milk’ is given as a socially acceptable reason for discontinuing breastfeeding when a
mother decides she no longer wishes to breastfeed [54] and that claims of IMS should not be taken
literally when they occur in cultural contexts that present the use of infant formula as an acceptable, if
not preferred, alternative [55].

As we have previously identified [30], there are a number of limitations to this study. Firstly, the
sample size is relatively small and this is reflected in the wide confidence intervals around some of the
adjusted hazard ratios reported. Secondly, we may have underestimated the rate of prelacteal feeding,
which in this study was defined as within the first three days after birth. The average length of
post-partum stay for Kuwaiti public hospitals is a maximum of two nights for uncomplicated deliveries
and five nights for a caesarean section. Therefore, it is possible that some mothers discharged within
48 h may have gone on to supplement breastfeeding with formula following discharge from hospital
and within this 72 h period. Given, however, that almost nine out of 10 infants received prelacteal
feeding in hospital, any underestimation of prelacteal feeding is likely to have had only a negligible
effect on the results. Finally, the number of women who delivered by caesarean section is three times
that of the national average. While every attempt was made to recruit mothers within 72 h and in most
cases 48 h, women who had undergone a caesarean section had a greater chance of being recruited
because of their longer hospital stay.

The major strength of this study is that it was the first prospective study of infant feeding practices
in Kuwait, all other previously reported studies being cross-sectional. Mother-infant dyads were
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followed from birth to 26 weeks with data being collected at five time points during this period, thus
minimizing the potential for maternal recall bias [56] as women were recalling events close to the time
at which they occurred. The findings of the study are consistent with those of other studies in the
region and, in most instances, studies of Western women, and can be used to inform infant feeding
policy, hospital practices and the design of breastfeeding promotion interventions.

5. Conclusions

The duration of breastfeeding amongst women in Kuwait, particularly Kuwaiti born women,
appears to be declining. Exclusive breastfeeding is virtually non-existent with almost nine in 10 infants
receiving prelacteal feeds within the first three days of birth. Full breastfeeding is also relatively
uncommon, and by four weeks, less than one third of infants were fully breastfed, while at six months,
only four in 10 infants were receiving some breast milk. This study identified a number of areas for
intervention. Hospitals should follow the 10 Steps for Successful Breastfeeding [57] and, in particular,
promote the early initiation of breastfeeding, encourage women to feed on demand and avoid the
unnecessary practice of prelacteal feeding. Women and health professionals need to be alerted to the
negative consequences of early pacifier use on breastfeeding duration. The role of family members
should not be underestimated in planning breastfeeding interventions. Community-based interventions
are needed to support women to breastfeed and to provide a supportive environment. Close family
members, especially husbands and maternal grandmothers, should be targeted in these interventions to
ensure higher rates of exclusive breastfeeding and prolonged duration.
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Abstract: Breastfeeding during infancy may have beneficial effects on various
developmental outcomes in childhood. In this study, exclusively breastfed infants were
randomly assigned to receive complementary foods from the age of 4 months in addition
to breast milk (CF, n = 60), or to exclusively breastfeed to 6 months (EBF, n = 59).
At 18 months and again at 30—35 months of age, the children were evaluated with the
Parent’s Evaluation of Developmental Status questionnaire (PEDS) and the Brigance
Screens-II. The parents completed the PEDS questionnaire at both time intervals and the
children underwent the Brigance Screens-II at 30—35 months. At 30—35 months, no significant
differences were seen in developmental scores from the Brigance screening test (p = 0.82).
However, at 30-35 months a smaller percentage of parents in group CF (2%) had concerns
about their children’s gross motor development compared to those in group EBF (19%;
p = 0.01), which remained significant when adjusted for differences in pre-randomization
characteristics (p = 0.03). No sustained effect of a longer duration of exclusive
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breastfeeding was seen on selected measures of developmental and behavioral status at
18 months, although at 30-35 months, a smaller percentage of parents of children
introduced to complementary foods at four months of age expressed concerns about their
gross motor development.

Keywords: early childhood; exclusive breastfeeding; complementary feeding;
developmental status; behavior; randomized trial

Clinical Trial Registration: ISRCTN41946519

1. Introduction

Breastfeeding may have beneficial effects on development in childhood, adolescence and even in
adulthood [1,2], although this has not been a consistent finding [3]. Furthermore, some studies indicate
that a longer duration of exclusive breastfeeding is important for this positive association with
developmental outcomes in childhood, especially for those born small for gestational age [4—6]. While
most studies have focused on cognitive development, less is known about the impact of breastfeeding
and the duration of exclusive breastfeeding on non-cognitive developmental and behavioral status in
childhood. Some studies indicate that breastfeeding in general, and also, a longer duration of breastfeeding
may be associated with decreased risk of behavioral problems and developmental delays in childhood [7-9];
however, findings on this subject are inconsistent. A large breastfeeding promotion intervention in
Belarus showed no relationship between prolonged breastfeeding or longer duration of exclusive
breastfeeding and childrens’ behavior at 6.5 years of age [10,11]. Other studies have shown that
increased duration and exclusivity of breastfeeding may have beneficial effects on language and motor
development in childhood [12-18].

There has been a longstanding debate about the optimal duration of exclusive breastfeeding;
whether infants should be exclusively breastfed for 4 or 6 months after birth [19]. The current
recommendations of the WHO are that infants should be exclusively breastfed for the first 6 months of
life [20] but until May 2001 the WHO recommended exclusive breastfeeding for 4-6 months of
age [21]. We have previously reported the results of a parallel group, masked, randomized controlled
trial of the effects of exclusive breastfeeding for 4 vs. 6 months on growth, body composition,
breast-milk intake and iron status of the infant [22,23]. We now report a secondary analysis from this
cohort of exclusive breastfeeding infants for 4 vs. 6 months on selected measures of development and
behavior in early childhood. We hypothesized that infants exclusively breastfed for 6 months would
have better outcomes in selected measures of developmental and behavioral status at 18 months and
30-35 months of age than those receiving complementary foods from 4 months in addition to
breast milk.
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2. Experimental Section
2.1. Study Design

As described previously [22,23], between November 2007 and November 2009, a total of
119 mother-infant pairs were recruited at seven health care centers in Iceland where 50% and 35% of
mothers exclusively breastfeed through 4 and 5 months of age, respectively [24]. A total of 656 infants
were assessed for eligibility in this randomized controlled trial. Eligibility criteria for the study were
singleton birth, gestational length>37 weeks, exclusively breastfed, infant characterized as healthy:
absence of congenital abnormalities or chronic health issues likely to affect growth, development or
iron status. Mothers of eligible infants were invited to participate in the study and infants who were
still exclusively breastfed and whose parents were willing to participate were enrolled in the study at
4 months of age. Eligible mother-infant pairs were randomly assigned to receive complementary foods
from the age of 4 months in addition to breast milk (CF), or to continue being exclusively breastfed to
the age of 6 months (EBF). Vitamin D supplements were recommended in both groups. Exclusive
breastfeeding was defined as breastfeeding with no additional liquid or solid foods other than vitamins
and medications [25]. The use of up to 10 feedings of formula or water during the first 6 months was
allowed to avoid having to exclude infants that in fact were otherwise exclusively breastfed.

The study was reviewed and approved by the Data Protection Authority and National Bioethical
Committee in Iceland and the Partners Health System IRB, Boston, MA, USA.

2.2. Selected Measures of Developmental and Behavioral Status

Children in the present study were assessed both at 18 months and 30-35 months of age, during
their routine health care visits at the health center, where developmental and behavioral status was
assessed with both the Parent’s Evaluation of Developmental Status (PEDS) questionnaire and
the Brigance Screens-II. The parents filled out the PEDS questionnaire at both visits, at 18 months and
30-35 months of age, and the children underwent the Brigance Screens-II at 30-35 months.
Both tests were administered by trained nurses at each health care center following prescribed
protocols [26-28]. PEDS questionnaire and Brigance Screens-1I were both introduced in 2010 as part
of routine health care visits at health centers in Iceland.

The PEDS is designed to detect parental concerns about the developmental status and behaviors of
their child; it has been found to have very good reliability and has been validated for children from
birth to 8 years of age [29-33]. The PEDS questionnaire consists of 10 brief questions, two open-
ended about general cognitive function and other concerns and eight domain-specific items. For each
of the eight domain-specific questions the parents are asked if they have any concerns about the
development or behavior of their child and their response option is in a multiple-choice format (no,
yes, a little). Certain parental expressions of concern in response to certain of these questions are
predictive of developmental delay [26]. If parents express concern in response to >2 of these predictive
questions, then health center procedures require that the child be referred for further evaluation
(see Figure 1). It takes parents approximately 5 min to answer the questionnaire.
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Figure 1. Developmental screening tests used in the study, the Parent’s Evaluation of
Developmental Status (PEDS) questionnaire and the Brigance Screens-II.
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The Brigance Screens-1I is administered by a trained nurse who observes the child and questions
his/her parents and the test is completed by the child itself. It has good reliability and has
been validated for measuring the developmental and behavioral status of toddlers and preschool
children [34-36]. The Brigance Screens-II for 30—35 month old children is valid for children from the
age of 29 months + 15 days to 35 months + 14 days old children. The Brigance Screens-II comprises
11 components and it takes children approximately 15-20 min to complete the test. The cut off points
for defining children at risk of developmental delay are <72 and <76 points of 100 points for children
aged 30-32 months and 33-35 months, respectively. As with the PEDS questionnaire, there are some
components of the Brigance Screens-II more predictive for developmental delay than others among all
the test components (see Figure 1). Cut off points for defining children at risk of developmental delay
are <34 and <35 points for children aged 30-32 and 33-35 months, respectively [37]. In the current
study we focused on assessment of gross motor skills (3B), fine motor skills (6B, 8B) and receptive or
expressive language (5B, 10B, 11B), since studies indicate that breastfeeding may influence these
factors [12—-18].

2.3. Statistical Analysis

Data were analyzed with SPSS Windows statistical software package version 20.0 (SPSS Inc.,
Chicago, IL, USA) with a level of significance of p < 0.05. Data were presented with means and
standard deviations (SD) for normally distributed variables and with median and interquartile range
(IQR) for variables with skewed distribution. Group comparisons were performed using independent-
samples z-test and Mann-Whitney U-test. Comparisons between categorical values were made using
the Chi-square tests of association or two-sided Fisher’s exact test. Regression analysis was performed
to adjust for any pre-randomization characteristics that were different between the two intervention
groups at baseline. Finally, we calculated the power to detect differences between the CF and EBF
groups based on proportions. To detect a significant difference between intervention groups in
developmental scores from the Brigance screening test at 30—35 months of age with a sample size of
66 and a power of 80%, the mean difference in developmental scores would have had to be
approximately 11.2 points, or approximately 5.4 points if excluding the three outliers (n = 63). Of the
100 mother-infant pairs who finished the breastfeeding intervention trial, a total of 95 children attended
routine care at 18 months and 82 at 30-35 months. Fifty-four parents answered the PEDS questionnaire
when their child was 18 months and 78 parents at the 30—35 months visit. These numbers are based on the
calculation of the sample size.

3. Results
3.1. Sample Size and Characteristics of Participants

Since both PEDS questionnaire and Brigance Screens-II were introduced in 2010 we have
41 missing data points from PEDS questionnaire at 18 months of age for those children in the study
born in 2007 and some who were born in 2008. Parents of 4 children who attended routine care at
30-35 months did not answer the PEDS questionnaire at that age. The Brigance Screens-II was
undertaken by 77 children at the age of 30-35 months, but 10 of them were too old (>35 months + 14 days)
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and 1 too young (<29 months + 15 days) when the Brigance Screens-1I was performed and were
therefore excluded from the analysis. The PEDS questionnaire is for a wider age range but we chose to
use 30-35 months throughout the paper. The children that did not have developmental scores recorded
from the Brigance Screens-1I (n = 23) were lost to follow-up for several reasons, such as the family had
moved abroad or failure to attend the routine health care visits at the health center.

Among those children with developmental scores from the Brigance Screens-II at 30—35 months of
age (n = 66), no differences between study groups were seen in baseline characteristics, except for
mode of delivery, where vaginal delivery was more common among children in the CF group (94% vs.
74% in the EBF group, p = 0.04) (see Table 1). No difference was seen in baseline characteristics
(same as seen in Table 1) among those who were followed-up (n = 82) and those who were lost to
follow-up (n = 18), except for parity, where those parents who were lost to follow-up had more children
(3.0 = 1.0 children) than those who were followed-up (2.0 + 2.0 children; p = 0.01).

Table 1. Baseline characteristics of participants with scores from Brigance Screens-II at
30-35 months of age in the two study groups: infants who received complementary foods in
addition to breast milk from 4 months (CF, n = 35) compared with infants who were exclusively
breastfed for 6 months (EBF, n =31).

Variables Group CF Group EBF

Boys 17 (49%) * 13 (42%) *

Birth weight (g) 3687 (432) 3733 (526)

Length at birth (cm) 51.3 (1.8) 51.7 (1.9)

Head circumference at birth (cm) 358(1.3)F 359 (1.4)
Gain in head circumference from ; .
birth-18 months (cm) 12.6 (1.2)* 12.6 (1.7) ¢

Age when Brigance Screens-1I was

performed (months) 32.3(1.6) 32.8 (1.6)
Gestational length (days) 280.5 (9.3) 280.8 (7.1)
Maternal age (years) 294 (4.4) 31.2 (4.8)
Maternal education | 22 (63%) * 16 (52%) *
Vaginal delivery 33 (94%) * 23 (74%) *

Parity 2.0(2.0)7 2.0(1.0)°

Father’s education I

13 (38%) **

14 (45%) *

Data are presented as mean (SD) unless otherwise indicated; * Data are presented as number (%); " One
missing value, n = 34; * Three missing values, n = 32; ¥ Five missing values, n = 26; I Finished studies at

university level; ' Data are presented as median (IQR).
3.2. Developmental and Behavioral Status

Table 2 shows the developmental and behavioral status measures in the two study groups at
18 months (PEDS questionnaire) and at 30-35 months (PEDS questionnaire and Brigance
Screens-1I). At 18 months, a significantly smaller percentage of parents had concerns about any of the
domains of PEDS on their children’s developmental and behavioral status in the CF group compared
with those in the EBF group (17% in the CF group vs. 44% in the EBF group; p = 0.03). A logistic
regression was done to test the impact of the intervention by group, and when adjusted for mode of



107

delivery, the difference in parents’ concerns between groups at 18 months was not statistically
significant (p = 0.08). No difference was seen between groups in the number of concerns regarding
gross or fine motor skills or receptive and expressive language. At 18 months, parents most often
expressed concerns about their children’s expression and articulation of the eight domain-specific
questions; 10% and 20% in the CF and EBF group, respectively (p = 0.45). No significant differences
were seen even when those questions with greater predictive value for developmental delay were
compared among groups at 18 months (0% in the EBF group vs. 3% in the CF group; p = 1.0).

At 30-35 months of age no significant differences were seen between study groups in number of
parents with concerns about any of the domains of PEDS (42% in the EBF group vs. 33% in the CF
group; p = 0.45). A smaller proportion of parents of children in the CF group (2%) had concerns about
their gross motor development compared with parents of those in the EBF group (19%; p = 0.01).
When adjusted for mode of delivery the difference was still significant (p = 0.03). No difference was
seen between groups in number of concerns regarding fine motor skills or receptive and expressive
language. At 30-35 months, parents most often expressed their concerns about their children’s
expression and articulation of the eight domain-specific questions; 19% and 28% in the CF and EBF
group, respectively (p = 0.36). Use of the cut off o£>2 predictive concerns for PEDS questionnaire at
30-35 months showed that 19% of parents in the EBF group were above the cut off value compared
with 5% of the parents in the CF group, although the difference was not significant (p = 0.07).

Table 2. Selected measures of developmental and behavioral status for children at
18 months and at 30-35 months of age in the two intervention groups: infants who received
complementary foods in addition to breast milk from 4 months (CF) compared with infants who

were exclusively breastfed for 6 months (EBF).

Variables Group CF Group EBF P-value
PEDS questionnaire
Parents with concerns according to PEDS at 5 (17%) * n= 29 11 (44%) * n = 25 0.03
18 months
Parents with concerns according to PEDS at 14 (33%) * n = 42 15 (42%) * n = 36 0.45
30-35 months
Brigance Screens-11 n=735 n=731
Total score at 30-35 months 86.0 (12.5) 86.5 (12.5) 1 0.82
Total score above cut off value * 2 (6%) * 4 (13%) * 0.41
Score of predictive factors c;)mbined above 7 (20%) * 3 (10%) «l 0.32
cut off value
Components of the Brigance Screens-I1
Gross motor skills 6.0 (6.0) ' 6.0 (4.5) 1 0.44
Fine motor skills 19.0 (3.0) ' 19.0 3.0) 'l 0.89
Expressive and receptive language 40.5(8.0) " 42.0 (9.5) fl 0.81

Data are presented as mean (SD) unless otherwise indicated; * Data are presented as number (%); ' Data are
presented as median (IQR); * Cut off values for defining risk of developmental delay were <72 and <76
points from the total score from the Brigance Screens-II for children aged 30-32 months and 33-35 months,
respectively; ¥ Cut off values for defining risk of developmental delay were <34 and <35 points from the
predictive components of the Brigance Screens-II combined for children aged 30-32 months and 33-35

months, respectively; I Two missing values, n = 29.
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There was no significant difference between study groups at 30-35 months by the Brigance
Screens-I1 (p = 0.82). Neither was there a significant difference between the groups in the number of
children below the cut off value defining developmental delays for total score from the Brigance
Screens-II (p = 0.41) or number of children above the cut off value defining developmental delays
from predictive components of the Brigance screening test combined (p = 0.32). Furthermore, there
was no significant difference between groups in fine or gross motor skills or receptive and expressive
language according to the Brigance Screens-II at 30-35 months. Excluding three outliers found in the
EBF group in the Brigance screening test did not change the mean values for the study groups or the
lack of significance (86.1 + 7.8 points in the CF group vs. 88.0 = 7.4 points in the EBF group; p =
0.33).

4. Discussion

In this study of well-nourished children at 30-35 months of age, a smaller proportion of parents in
the CF group expressed their concerns about their children’s gross motor development on the PEDS
questionnaire, a difference that remained significant when adjusted for differences in pre-
randomization characteristics. However, there were no significant intergroup differences in
developmental total scores or in fine and gross motor skills or receptive and expressive language
according to the Brigance Screens-1I at 30-35 months. No difference was seen in the percentage of
parents with concerns about their children’s developmental and behavioral status at the age of 18
months.

Results from the PEDS questionnaire are based on a small number of categorical variables.
Outcomes from the Brigance Screens-II, however, are based on continuous variables and therefore this
test is more responsive to detecting minor developmental disabilities. The Brigance Screens-II is a
comprehensive, reliable and valid screening tool of developmental status that is completed by the child
itself [36,38]. Similar general developmental screening tools that are directly administered to the child and
are used in primary care settings are the Battelle Developmental Inventory Screening Tool Test II, the
Bayley Infant Neurodevelopmental Screener and the Denver-II Developmental Screening Test, which are
all comparable to the Brigance Screens-II in sensitivity and specificity [38,39]. Per health center protocols
in the Icelandic healthcare system, children identified at risk for developmental delay or behavioral
problems according to the Brigance Screens-II or the PEDS questionnaire are referred for further
evaluation, diagnosis and then developmental intervention, if appropriate. Early detection of developmental
delay and appropriate intervention has been shown to be effective in improving developmental outcomes in
childhood [40].

Although the PEDS is solely based on parental perception of their children’s developmental and
behavioral status, a positive correlation has been shown between the results of the PEDS questionnaire
and the Brigance Screens-II [28]. The PEDS questionnaire is a valid and reliable developmental
screening tool [38] and the value of parents’ concerns in the detection of developmental delay has been
well studied [31,41]. Comparable commonly used parent-completed screening questionnaires in
primary care settings comparable are the Ages & Stages Questionnaires, the Child Development
Review-Parent Questionnaire and the Infant Development Inventory [38,39]. These tests are not
perfectly concordant, but are widely used and are considered appropriate for developmental evaluation
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in primary care settings [42,43]. It should be noted that although some parental concerns are predictive
over time, the PEDS questionnaire does not always capture longitudinal changes in developmental
status since parents may have fewer concerns after their child begins a developmental intervention,
even though developmental delays may still be present. In 2006, the American Academy of Pediatrics
recommended systematic developmental screening in primary care using a validated screening tool for
children aged 9, 18 and 30 months, but no specific guidance was provided for the specific screening
tools that should be used [38]. Health care centers in Iceland chose to use the PEDS questionnaire and
the Brigance screening test because of their good reliability and validity and well-established
sensitivity and specificity and because they are useable for a wide range of ages in childhood [28].

To our knowledge this is the first secondary analysis of a randomized controlled trial conducted in a
resource rich country to examine the effects of exclusive breastfeeding for 4 vs. 6 months on selected
measures of developmental and behavioral status in early childhood. The World Health Organization
(WHO) recommended exclusive breastfeeding for 4-6 months of life until the year 2001 when the
recommendation was changed to breastfeed exclusively for the first 6 months of life in an effort to
lower the risk of adverse health outcomes for infants during the first 6 months, particularly in resource
constrained countries [44]. Developmental status is influenced by a number of genetic and environmental
factors that cause cumulative risk effects of development delays that are generally not addressed in
observational studies. This is one possible explanation for the inconsistent findings among such studies
[13,45,46]. Studies investigating the relationship between breastfeeding and developmental status often
compare formula fed infants to breastfed infants [46—49], but less is known about the impact of
exclusive breastfeeding compared to partial breastfeeding.

There is strong evidence that nutrition early in life can have long-term effects on health and
development later in life [50-52]. It has been suggested that the concentration of long chain
polyunsaturated fatty acids in breast milk may explain the enhanced cognitive outcomes reported in
some studies comparing breastfed and formula fed infants [53—56] and therefore the effect of duration
of exclusive breastfeeding on developmental and behavioral status would also be a relevant factor in
these outcomes. Since infants exclusively breastfed for 6 months in the present study had significantly
higher breast milk intakes at 5.5-6 months of age [22], we hypothesized they would have better
developmental and behavioral status in early childhood. However, no intergroup differences in measures of
developmental and behavioral status outcomes were observed among those that completed the Brigance
Screens-1II at 30-35 months of age. The parental impressions from the PEDS questionnaire administered
when the children were 30-35 months of age were thus not substantiated by the more objective and reliable
Brigance Screens-II at the same age. The reason for no difference in these developmental and behavioral
measures might be because both study groups consumed a significant amount of breast milk. While the
infants in the EBF group consumed significantly more breast milk than those in the CF group (83 g/day,
measured using the stable isotope technique) [22], the amount consumed by the CF group was consistent
with the recommendations of the WHO [57]. The mothers who participated in our study were generally
well-educated and well-supported, and we cannot generalize our findings to other populations. It is possible
that in less well-educated or supported mothers, the introduction of a small amount of CF might result in a
greater decrease in breast milk production with more impact on health outcomes, including development.

The strength of the present study lies in the fact that this is the only analysis of later developmental
and behavioral data from a randomized controlled trial of 4 vs. 6 months of exclusive breastfeeding
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and it therefore has a methodological advantage over previously published observational studies.
Furthermore, approximately 78% of the cohort was follow-up until the age of 30-35 months. The main
limitation of the present study is that data were collected in routine health care visits at the health
center. We recognize that this secondary data analysis may have been underpowered to detect small
effects on developmental and behavioral outcomes that may be biologically relevant, but the sample
size was adequate to exclude large effects on developmental and behavioral outcomes in the two
groups [58].

In addition to breast milk per se, other factors that influence infant development may have played a
role in the outcomes we observed in this randomized trial. Infants with depleted iron stores, iron
deficiency or iron deficiency anemia can have lower developmental scores in childhood [59,60],
however, we have previously reported that no differences was seen in the prevalence of iron deficiency
with or without anemia between both groups at 6 months of age [23]. Mothers who choose to
breastfeed may differ from those who never breastfeed in many ways that can influence an infant’s
development, including socio-economic status and nurturing qualities. However, mothers in both study
groups exclusively breastfed for the first 4 months of their infant’s life all were from a similar
socioeconomic background and thereafter all of them continued breastfeeding partially or exclusively
until 6 months of age or beyond, minimizing the impact of these other influential developmental
factors. It is possible that the mothers participating in the study might differ from other mothers in the
population.

In conclusion, the present study showed no sustained effect of a longer duration of exclusive
breastfeeding on selected measures of developmental and behavioral status at 18 months of age
although at 30-35 months, a smaller percentage of parents of infants introduced to complementary
foods at 4 months of age expressed concerns about their children’s gross motor development. Further
investigation is needed in a larger randomized controlled trial using the same or other measures of
developmental and behavioral status to extend and confirm these findings.

5. Conclusions

Breastfeeding during infancy may have beneficial effects on various developmental outcomes in
childhood. The association between breastfeeding and developmental status is based on observational
studies that are subject to bias by confounding factors. In this randomized controlled trial, no sustained
difference were seen on selected measures of development and behavior in early childhood between
those receiving complementary foods in addition to breast milk from 4 months or those exclusively
breastfed for 6 months. Further investigation is needed in a larger randomized controlled trial using the
same or other measures of developmental and behavioral status to extend and confirm these findings.
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Abstract: Breastfeeding is associated with numerous health benefits to offspring and
mothers and may improve maternal-infant bonding. Ample evidence suggests breastfeeding
can improve child neurodevelopment, but more research is needed to establish whether
breastfeeding is linked to the development of child psychopathology. This paper aims to
explore the effects of both breastfeeding and mother-child interactions on child behavioral
outcomes at a later age. Children from the China Jintan Child Cohort Study (N = 1267), at
age six years old were assessed, along with their parents. Children who were breastfed
exclusively for a period of time in the presence of active bonding were compared to those
who were breastfed in the absence of active bonding as well as to children who were not
exclusively breastfed, with or without active bonding. Results from ANOVA and GLM,
using SPSS20, indicate that children who were breastfed and whose mothers actively
engaged with them displayed the lowest risk of internalizing problems (mean = 10.01,
SD = 7.21), while those who were neither exclusively breastfed nor exposed to active
bonding had the least protection against later internalizing problems (mean = 12.79,
SD = 8.14). The effect of breastfeeding on internalizing pathology likely represents a
biosocial and holistic effect of physiological, and nutritive, and maternal-infant
bonding benefits.
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1. Introduction

Breastfeeding is associated with a wide range of positive health outcomes in children and mothers.
For example, a systematic review and meta-analysis of approximately 400 studies found that breastfeeding
was related to a reduced risk of acute ear infections, respiratory tract infections, asthma, obesity, type 1
and 2 diabetes mellitus, and childhood leukemia [1]. The production of prolactin and oxytocin during
breastfeeding is associated with lower levels of maternal stress and enhanced bonding [2].
Furthermore, early cessation of breastfeeding or not breastfeeding at all has been linked to an increased
risk of maternal postpartum depression [1].

One particular outcome of interest is that of cognitive development in breastfed children. Breast
milk is rich in vital nutrients, such as essential fatty acids, vitamins, minerals, and amino acids, that are
associated with improved cognitive functioning [3], language development [4], and overall neurological
development [2,5]. In addition, breastfeeding has been associated with improved mother-infant
bonding [6,7]. For instance, early feeding interactions between mother and infant may result in more
positive feeding experiences and produce greater maternal sensitivity and responsiveness to infant
needs [8].

Although previous studies have indicated a wealth of nutritional, physiological, and cognitive
benefits to children from breastfeeding, little has been done on emotional development and regulation.
It is known that childhood internalizing disorders, including depression and anxiety, can affect up to
about 20% of children and adolescents [9]. They also increase the risk of future psychopathology in
adulthood [10]. The identification of readily modifiable factors, such as breastfeeding, that may protect
against childhood internalizing behaviors is therefore important. Studies have not yet found a
relationship between breastfeeding and behavioral outcomes during early childhood [11,12]. However,
there are limited studies conducted in older age groups. Oddy et al. found that breastfeeding may be
associated with adverse mental health outcomes in early adolescents while Kwok et al. found
inconsistent associations [13,14]. However, few studies have tested the long term effect of both
breastfeeding as well as the mother-infant interaction during feeding on child behavioral outcomes.

The purpose of this study is to examine whether breastfeeding was related to fewer internalizing
disorders later in childhood in a large, community-based sample of Chinese children and parents, and
to understand whether breastfeeding and active bonding (i.e., verbal interactions during feeding) were
associated with the reduced risk of internalizing behaviors. Finally, this study will assess whether there
was any breastfeeding duration (or dosage) effect on internalizing behaviors.

2. Experimental Section
2.1. Participants and Sample Design

The current study was part of a larger population-based community cohort study of 1656 Chinese
children (55.5% boys, 44.5% girls) initially recruited from four preschools in the town of Jintan,
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located in the southeastern coastal region of Mainland China. Briefly, all children and parents taking
part in the original cohort study were invited to participate for assessment of children’s behaviors
while the children were in the final few months of their senior year in preschool (Spring 2005 to
Spring 2007). At that point, some children dropped out of the study because of changing schools or
because bio-markers were not obtained originally; therefore, only 1419 children in the original sample
were followed up in the later waves. Detailed sampling and research procedures of this larger cohort
study have been described elsewhere [15,16].

We excluded the cases where the children are over six years old (there are quite a few because it
was late in the school year) for the purpose of this analysis because we are using Child Behavior
Checklist (CBCL) 1.5 to 5 to measure behavioral outcome. We performed a comparison on measures
such as mother’s age when the children were born, neighborhood problems, gender, parent’s education
and occupation prestige, as well as whether parents are separated or divorced, and found there is no
difference except the older children tend to be boys and have parents who are less educated. We
acknowledge that Chinese tradition prefers to hold boys back in the earlier years of education because
of the cultural belief that boys develop and mature later than girls, and that more educated parents
would want to place their children in school as early as possible.

The analysis sample consists of 1267 complete data. The mean age of the analysis sample was
66.6 months (SD = 5, range = 50.0-71.9). This is close to the common kindergarten age in the US.

2.2. Measures
2.2.1. Internalizing Behavior Problems

We used the Internalizing Behavior scale from the Child Behavior Checklist (CBCL)/1.5-5 as the
measure for the dependent variable. The factor structures of CBCL/1.5-5 have been validated in our
previous study [17]. The internalizing behavior scale consists of 36 items out of 99 items in total,
including Emotionally reactive, Anxious/Depressed, Withdrawn and Somatic Complaints. Items are
rated on a 3-point scale (0 = not true, 1 = sometimes true, or 2 = often true) [18]. In this study, we
utilized both the full Internalizing Behavior scale and the four syndromes as dependent variables.
Alpha is 0.87 for the scale in our sample. We used raw scores on all behavioral assessments for the
analysis, as recommended by Achenbach [19].

2.2.2. Breastfeeding

Mothers completed a retrospective questionnaire that asked whether they breastfed (78.3%), used
formula (5.6%) or both (16%). In this study, we define exclusive breastfeeding as exclusive for a
period of time with a minimum of one month. Non-exclusive breastfeeding is defined to include
formula only or mixed methods. Mothers were also asked to report breastfeeding duration in months
(mean = 8.79, range 0-24). Duration was categorized into three levels: less or equal to 7 months
(25%), between 7 and 10 months (51%) and greater or equal to 10 months (24%).
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2.2.3. Maternal Interaction

Mothers were asked a follow-up question for (breast) feeding: “Did you talk to the child while
(breast) feeding in the first two years” These responses were: 1 = Never, 2 = Sometimes, 3 = Always.
In our study, not all mothers were always talking to the child while breastfeeding. We combined the
two measured into one and named it “Feeding types and bonding”, reflecting the beneficial effects of
both nutritional and active communication. In our sample, we identified four groups. 34.8% of the
mothers who always use breast milk and always talk to the child while feeding were classified into
Breastfed and Active bonding (group 1); 43.5% who never talk to the child even when they used breast
milk were assigned into Breastfed and no Active Bonding (group 2); 9% of the mothers were in the
group of Non-breastfed and Active Bonding (group 3), and the final 12.7% in the Non-breastfed and
no Active Bonding (group 4).

2.2.4. Social Adversity

Parents were asked to fill in a sociodemographic questionnaire at the same time they completed the
CBCL when children were six years old. A number of researchers have demonstrated the utility of
combining of several individual measurements of psychosocial risk factors in studying child behavior
problems [20,21]. The adversity index was created along lines similar to those described by Rutter and
Moffitt [20,21]. A total adversity score was derived based on 11 variables. This score was created by
adding 1 point (for 9 of the 11 indicators) or 2 points (for 2 indicators) for 11 adversity indicators:
mother’s low education (below middle school, 8.8%), father’s low education (below middle school,
5.4%), mother’s low occupational status (3-point scale: 0 = professional or skilled work, 22.2%;
1 = un-skilled worker, 38.9%; and 2 = no occupation, 31.8%), father’s low occupational status (3-point
scale: 0 = professional or skilled work, 26.8%; 1 = unskilled worker, 60.3%; and 2 = no job, 3.8%),
mother’s poor health status (2.1%), father’s poor health status (3.8%), obstetric complication (bleeding,
hypertension, diabetes, Caesarian section, difficult birth, low birth weight, difficulty breathing,
35.6%), divorce (3.3%), absence of biological mother (4.2%), house size below 70 m” (8.4%), and
poor neighborhood (overcrowded neighborhood, noise pollution, damp, 35.6%). Details on these
indicators are given in Liu et al. [22]. The adversity score ranged from 0 to 13 (M =3.51, SD = 2.04).

2.3. Statistical Methods

To test whether there is any social adversity or internalizing behavior score differences between
exclusive and non-exclusive breastfeeding groups, independent ¢ tests were employed. Differences in
proportions for gender were tested using y° tests. The same tests were conducted again to test
differences between active bonding and non-active bonding group. Cohen’s d was calculated to show
the size of the effect between two comparison groups.

To test for the combined effects of feeding and bonding types on internalizing behaviors, a series of
analysis of variance (ANOVA) were performed. “Feeding and bonding types” was a new variable
(four groups defined in the method section) created from the two independent binary variables.
It was the grouping variable in ANOVA, and the dependent variables were emotionally reactive,
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Anxious/Depressed, Somatic Complaints, Withdrawn and total internalizing problems respectively.
Omega squared w” was computed as an index of effect size with several groups.

To test for the effect of social adversity as a potential confound, general linear models were fitted
with adversity entered as covariate. The effect moderator of sex was assessed by entering the measure
as a factor alongside feeding and bonding type. Gender x breastfeeding and bonding types interaction
term was included in the model as well. The interaction effect of breastfeeding types and bonding
types was tested in the models besides including these two variables independently in the models. To
test for a dose-response relationship between breastfeeding duration and internalizing behavior, the
grouping variable of duration took on three levels €7 months, 7—10 months and>10 months) for
univariate ANOVAs. All results were considered significant if P < 0.05 using a two-tailed test.
Statistical analyses were conducted by using SPSS version 20.0 (IBM SPSS Statistics).

3. Results
3.1. Single Effect of Breastfeeding or Active Bonding

Of the 1267 participants with completed data, 77% exclusively breastfed their babies and 43.4%
always talk to their babies while feeding. Mean (SD) scores, effect sizes (Cohen’s d) and results of
specific ¢ test comparisons for the two pairs of comparison groups are given in Table 1. The children
who were exclusively breastfed had significantly lower mean scores for somatic complaints and total
internalizing problems. Active bonded children had significant lower scores across emotionally
reactive, anxious/depressed, withdrawn syndromes and total internalizing problems.

3.2. Combined Effect of Breastfeeding and Active Bonding

ANOVA results showed significant group differences on mean behavior scores for total
internalizing (£(3,1264) = 5.21; P = 0.001), anxious/depression (F(3,1263) =2.779; P = 0.04), somatic
complains (F(3,1264) = 3.20; P = 0.023) and withdrawn (F(3,1264) = 6.75; P < 0.001). Emotionally
reactive showed borderline significance (£(3,1261) = 2.38; P = 0.068). Mean (SD) scores, effect sizes
(omega squared w?) and P values from ANOVA for the four comparison groups are given in Table 2.
Results revealed identical trend across all dependent variables, with group 1 displaying the lowest
scores, followed by group 3. Group 4 had the highest scores.

3.3. Potential Confounds

Demographic and social variables are known to influence breastfeeding and children’s behavior.
Our study showed that boys were more likely be fed by formula or a mixed method rather than pure
breast milk (y* = 2.17; P = 0.031). Social adversity scores were significantly lower for those whom
actively bonded with their baby while feeding (¢ = 5.18; P < 0.001), indicating they had a better
socioeconomic background and health status (Table 1). Consequently, it is possible that social
adversity and gender could account for the main effects of breastfeeding and bonding. We also tested
the correlations between potential confounders and dependent variables. In our sample, Spearman
correlation indicates social adversity was positively correlated to each syndrome and total internalizing
problems (P < 0.001 for all), although no significant correlation was detected between gender
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and dependent variables. As gender and social adversity were correlated to either the breastfeeding and
bonding types or the internalizing problems, we entered these two constructs in to a series of general
linear models. The main effects remained significant for Anxious/Depressed, Somatic Complaints,
Withdrawn and total internalizing (Table 3) after controlling for adversity (F(1,1252)> 10.98;
P <0.001 for all) and gender (F(1,1252) < 1.56; P> 0.212 for all).

3.4. Effect Moderator

There was no interaction between breastfeeding and bonding grouping and gender
(F(1,1252) < 2.1; P > 0.097 for all), indicating that this measure did not moderate the effects of
breastfeeding and bonding.

3.5. Dose Response Relationship

Univariate ANOVAs (with three groups: 0—7 months, 7-10 months and 10 months duration levers)
were conducted on each syndrome and total internalizing scores. Results showed significant main
effect for breastfeeding duration on anxious/depression (£(2,1170) = 3.28; P = 0.038), somatic
complains (£(2,1171) = 3.25; P = 0.039) and total internalizing (F(2,1171) = 2.99; P = 0.051). No
significant dose-response effect was detected for emotionally reactive (£(2,1170) = 1.21; P = 0.298)
and withdrawn (F(2,1171) = 0.910; P = 0.403). The mean scores for each syndrome and total
internalizing problems were plotted against breastfeeding duration levels in Figure 1a,b.

4. Discussion

Three key findings emerged from this study. First, compared to children whose mothers breastfed
them, children who were not breastfed showed an increased number of internalizing behavioral
problems, particularly anxious/depressed and somatic symptoms. Second, the group of children whose
mothers both breastfed and actively interacted with their infants had the least likelihood of displaying
internalizing problems. Children who were not breastfed but whose mothers still engaged in active
interactions displayed the next-lowest risk, while being neither breastfed nor exposed to active bonding
had the smallest effect on internalizing behaviors. Finally, a duration effect (dosage effect) appeared
such that breastfeeding for 10 months or longer had the strongest impact on reducing anxious/depressed
and somatic symptoms in children.

Breastfeeding confers a strong biological benefit to infants and their development [23]. From a
nutritive standpoint, breast milk contains docosahexaenoic acid (DHA) omega-3 fats, the consumption
of which, along with eicosapentaenoic acid (EPA) fats, may reduce the risk for affective disorders,
including major depression and bipolar disorders, particularly among women [24,25]. However, the
overall literature on DHA and depression remains mixed [26,27]. What is known, however, is that
DHA plays a vital role in neural development, neurotransmitter transmission, and genetic expression,
making it highly relevant to child neurodevelopment as well as developmental disorders, such as
attention-deficit/hyperactivity disorder and motor deficits [28].
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Table 3. General linear model statistics of breastfeeding type and bonding against
internalizing problems, controlling for gender and social adversity.

Dependent Variables Type III Sum of Squares df Mean square F Significance

Emotionally Reactive 344 3, 1255 11 2.045 0.106
Anxious/Depressed 38.12 3, 1257 12.71 2.471 0.06
Somatic Complaints 54.6 3, 1258 18.2 3.108 0.026

Withdrawn 90.07 3, 1258 32.36 6.016 <0.001
Total Internalizing 774.39 3, 1258 258.13 4.573 0.003

Note: significant results (P<0.05) were highlighted in bold.

Figure 1. Dose-response Relationship between duration of breastfeeding and internalizing
behavior. (a) Breastfeeding duration and internalizing syndromes; (b) Breastfeeding
duration and total internalizing problems.
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It may be that the biological benefit offered to breastfed infants plays a role in healthy cognitive
maturation which in turn lowers their risk for psychopathology [29]. Feldman and Eidelman report that
breastfeeding is associated with improved motor and social skills [5], but other authors have not found
an impact on emotional regulation and behavioral disruption, indicating the need for further research
on breastfeeding and child psychodevelopment [30]. Interestingly, a recent study examined effects of
breastfeeding on mental health outcomes among children at age 14 years and found that breastfeeding
at age six months was associated with a lower rate of child psychopathology, including social and
attention difficulties and aggression [31]. However, more longitudinal data is needed to better
understand the potential long-term benefits of breastfeeding to child mental health. Whether the
nutritional, physiological and cognitive benefits from breastfeeding directly enhance mental health via
a biological route in our brain may still require further exploration. However, speculatively, the
reported nutritional, physiological and cognitive benefits can confer a lot of advantages to a child to
negotiate with the challenges of growing up. For example, a healthier, energetic physical body and a
faster cognitive growth can help a child to cope with the arduous demands of modern-day schooling,
particularly in mainland China, the tradition of which has long emphasized education as the avenue for
upward socio-economic migration. A child who excels at school will also be well liked and accepted
by parents, relatives, teachers and peers. School success and social popularity are both known key
precursors to mental health [32]. Thus, it is likely that there may be both a direct biological route and
an indirect psychosocial route from breastfeeding leading to positive mental health or fewer
internalizing problems. These dual routes should both be further examined in future study.

Breastfeeding also provides a biological benefit to the mother by reducing blood pressure and
pain [33]. Furthermore, the release of hormones oxytocin and prolactin not only confer analgesic and
relaxation benefits, but they also appear to play a key role in mother-infant bonding [11,33], which has
been shown to reduce emotional and behavior problems in children [6,7].

The attachment aspect of breastfeeding underscores the need to consider its potential mental health
benefits. Psychologically, breastfeeding may enhance the mother-infant bonding process via active
talking, eye contact, and skin-to-skin touch. This may help mothers form stronger attachments to
offspring and improve maternal sensitivity [33], reduce postpartum depression [34], and ward off other
negative mood states like maternal stress [35]. This may indirectly benefit a child’s mental health, as
the literature detailing the impact of maternal depression on increasing the risk of future child and
adolescent psychopathology is compelling [36,37].

Infants may similarly derive a mental health benefit from being breastfed, including development
of more secure attachments and reduced negative temperament [38]. Several authors have
documented analgesic properties of breast milk, along with reductions in salivary cortisol, due to milk
odor and skin-to-skin contact [39,40]; these are hypothesized to help alleviate child distress and
strengthen bonding.

Taken together, these findings underlie a biopsychological aspect of breastfeeding wherein the
physiological benefits of breastfeeding (e.g., pain reduction, stress reduction, healthy cognitive
development) coupled with improved pair bonding and mother-infant attachments may provide
protective effects against the formation of child internalizing behaviors The biopsychosocial interaction
may also provide indirect benefits that operate through mediating or moderating variables [41]. For
example, secure parent-child attachment may improve child sleep quality [42], and reduced sleep
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problems in children has been linked to better emotional and behavioral functioning [43]. In addition,
breastfeeding is ultimately a holistic process and there are several aspects that facilitate the process,
including how the mother responds to the infant, the physical and social environment around the
mother and baby, and the level nutrients in the breast milk. These factors, such as the genetic and
environmental influences of nutrient intake (e.g., breast milk) should be considered [44]. Consideration
of such in larger samples will require further study before definitive conclusions can be drawn about
intervening variables on breastfeeding and internalizing conditions.

In this study, breastfeeding for a longer duration (at least 10 months) had the greatest effect on
reducing internalizing symptoms. This is consistent with other authors who report that longer duration
of breastfeeding was associated with greater protection against child mental health problems at age
five years [45]. Another recent longitudinal cohort study from Oddy and colleagues followed breastfed
infants to 14 years of age and found that breastfeeding for six months or less independently predicted
greater externalizing and internalizing problems in childhood and adolescence, compared to infants
who were breastfed for 6 months duration or longer [14].

Some important limitations on the present study’s findings exist. First, the use of retrospective data
may involve recall bias. However, in the current literature, it is not rare for studies examining
breastfeeding practices to use maternal recall data after much longer periods. For example, a study by
Promislow looked at maternal recall of breastfeeding duration of elderly US women from 34 to
50 years ago [46]. Nevertheless, future prospective designs should be considered. As previously
mentioned, we also did not include holistic measures in our assessment of breastfeeding as we do not
have data available due to the retrospective nature of this study. Instead, we included confounding
factors, such as demographic and social background, in our analysis of breastfeeding. Another
limitation of the present study is that it does not take into consideration the exact duration of exclusive
breastfeeding, which is particularly important given the fact that breastfeeding practices have
decreased in recent years, especially among urban and well-educated mothers [47]. Future studies
should test if there is a duration-dependent relationship between breastfeeding and internalizing
behavior in children. Additionally, as active bonding was one of the key predictors, future studies
should employ validated, empirical-based measures on this construct. However, despite the use of such
“crude” measures, they are able to produce consistent results, indicating evidently the benefits of
breastfeeding on the children’s mental health. Furthermore, future studies should stratify by region,
given that breastfeeding practices differ by location.

5. Conclusions

These results indicate that children who were breastfed and exposed to active bonding during
feeding displayed the lowest risks of internalizing behavior problems at age six years. Increased
duration of breastfeeding (=10 months) could also help lower internalizing problems in children (i.e., a
dosage effect). These findings were independent of several socio-demographic/family characteristics,
as well as gender. It is possible that both nutrients (e.g., fatty acids) and maternal bonding interactively
work to promote optimal neurodevelopment in early childhood, subsequently protecting children from
internalizing disorders, such as depression, anxiety, and somatic complaints [48]. The promotion of
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active bonding practices during feeding (whether breastfeeding or formula feeding) may help reduce

later internalizing behaviors in children by enhancing attachment between the mother and infant.
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Abstract: The use of human milk fortifiers (HMF) helps to meet the high nutritional
requirements of the human milk-fed premature infant. Previously available powdered
products have not met the protein requirements of the preterm infant population and many
neonatologists add powder protein modulars to help meet protein needs. The use of
powdered products is discouraged in neonatal intensive care units (NICU) due to concern
for invasive infection. The use of a commercially available acidified liquid product with
higher protein content was implemented to address these two concerns. During the course
of this implementation, poor growth and clinically significant acidosis of infants on
Acidified Liquid HMF (ALHMF) was observed. The purpose of this study was to quantify
those observations by comparing infant outcomes between groups receiving the ALHMF
vs. infants receiving powdered HMF (PHMF). A retrospective chart review compared
outcomes of human milk-fed premature infants <2000 g receiving the ALHMF (n = 23)
and the PHMF (n = 46). Infant growth, enteral feeding tolerance and provision, and
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incidence of necrotizing enterocolitis (NEC), metabolic acidosis, and diaper dermatitis
were compared between the two groups. No infants were excluded from this study based
on acuity. Use of ALHMF resulted in a higher incidence of metabolic acidosis (p = 0.002).
Growth while on HMF as measured in both g/kg/day (10.59 vs. 15.37, p < 0.0001) and in
g/day (23.66 vs. 31.27, p = 0.0001) was slower in the ALHMF group, on increased mean
cal/kg/day (128.7 vs. 117.3, p = 0.13) with nearly twice as many infants on the ALHMF
requiring increased fortification of enteral feedings beyond 24 cal/ounce to promote
adequate growth (48% vs. 26%, p = 0.10). Although we were not powered to study NEC as
a primary outcome, NEC was significantly increased in the ALHMF group. (13% vs. 0%,
p = 0.03). Use of a LHMF in an unrestricted NICU population resulted in an increase in
clinical complications within a high-acuity NICU, including metabolic acidosis and poor
growth. Although further research is needed to assess outcomes among infants with a
variety of clinical acuities, gestational ages, and weights to confirm these findings, based
on this experience, caution is urged to avoid potential risks.

Keywords: prematurity; human milk; fortifier; infant feeding; growth; acidosis

1. Introduction

Infants born prematurely have increased nutrient needs compared to those born at term [1-3].
Nutrition-related goals for premature infants aim to mimic fetal nutrient accretion and growth
in utero [4], yet many develop extrauterine growth restriction (EUGR) [5].

Despite the availability of customized, nutrient-dense enteral formulas, the American Academy of
Pediatrics strongly supports the use of human milk for premature infants [6]. However, unfortified
human milk remains inadequate to meet the high nutrient requirements of premature infants [1,4,7].
Provision of unfortified human milk has subsequently been linked to suboptimal growth (development
of EUGR or growth < 15 g/kg/day), reduced bone density leading to osteopenia of prematurity and a
clinical diagnosis of rickets, and the secondary consequences of each [1,4].

The use of commercial human milk fortifiers (HMF) allows for a more optimal provision of
essential nutrients to meet premature infant requirements [1,4,7]. Macronutrient recommendations
for low birth weight premature infants vary, but consensus goal ranges suggest enteral intake
of 110-120 cal/kg/day and 3.4-4.4 g protein/kg/day [1]. Protein is specifically emphasized, as early
and higher provisions promote more desirable growth and clinical outcomes [8,9]. The use of HMF
has been shown to be both safe and effective in improving growth and nutrition status of premature
infants compared to unfortified human milk [7,10,11]. In recent years the use of HMF with additional
powdered protein modular has been presented as a method of supplying the preterm infant with the
recommended amount of enteral protein to provide improved linear growth and neurodevelopmental
outcomes [12,13].

Human milk fortifiers have primarily been available in powder form, although the United States
Food and Drug Administration discourages the use of powdered forms in the neonatal intensive care
units (NICU) secondary to contamination risk [14]. They additionally advise that “alternatives to
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powdered forms should be chosen when possible” [14]. To comply with this recommendation and
achieve improved protein intake, The Nebraska Medical Center (TNMC) NICU changed standard
human milk fortification practices with a powdered product when an acidified liquid HMF (ALHMF)
with improved protein delivery became available. However, in the four months following our initial
use of the ALHMF, clinical observations of infants receiving the ALHMF suggested an increased
feeding intolerance, increased incidence of metabolic acidosis, poor growth, and a need for higher
caloric densities of enteral feedings to promote adequate growth. Due to our concern for patient
outcomes, use of the ALHMF was discontinued. The purpose of this study is to objectively quantify
these clinical observations by comparing outcomes of infants receiving the ALHMF to those receiving
the originally-used PHMF. Our study also looked to identify potential risk factors for the development
of the observed clinical complications, as previous research evaluating the ALHMF also documented
changes in pH and CO, when compared to a powder HMF (PHMF) [15].

2. Patients and Methods
2.1. Participants and Study Design

The institutional review board at the University of Nebraska Medical Center (Omaha, NE, USA)
approved this study. Data was retrospectively collected from inpatient electronic medical records of all
infants admitted to the NICU, between October 2009 and July 2011, if they met the following
inclusion criteria: birth weight (BW) < 2000 g, received enteral feedings as fortified maternal breast
milk during NICU stay, and remained in the NICU > 14 days. Exclusion criteria included infants with
congenital abnormalities or conditions that significantly inhibited growth, such as Trisomy 13. No
infants were excluded based on clinical acuity. After extensive chart review, 69 infants were eligible
for the study.

2.2. Comparison and Use of Human Milk Fortifiers

Maternal breast milk (MBM) was fortified according to manufacturer directions. Ingredient and
estimated nutrient compositions of fortified preterm human milk were obtained from online nutritional
references [16,17]. Table 1 provides a composition comparison for key nutrients and ingredients.
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Table 1. Comparison of ingrediants and key nutrients using powder and liquid HMF.

24-Calorie-Per-Ounce Fortified Premature Human Milk [16,17]

Per 100 mL Powder HMF Liquid HMF
Protein (g) 2.35 3.2
Iron (mg) 0.46 1.85
Calcium (mg) 138 141
Phosphorus (mg) 78 78
Vitamin D (IU) 119 200
pH - 4.7
Primary Fortifier nonfat milk, whey protein water, whey protein isolate hydrolysate
Macronutrient Ingredients  concentrate, corn syrup solids, (milk), medium chain triglycerides
medium-chain triglycerides (MCT oil), vegetable oil
(MCT oil) (soy and high oleic sunflower oils)

-: Information not avaliable.

Enteral feedings are initiated in this NICU within the first one to three days of life with Human
Milk (MBM as available or donor milk form the Milk Bank of Austin) at 20 mL/kg/day, trophic
feedings are continued for three to five days at the discretion of the attending neonatologist, and
then feedings are advanced daily by 20 mL/kg/day with human milk fortification beginning at
80-100 mL/kg/day enteral volume. A protein modular is utilized to improve protein intake to
approximately 4 g/kg/day enteral protein once caloric density is 24 kcal/oz. While using the ALHMF,
no additional protein modular was utilized. There were no other nutrition differences during the two time
periods. Nutrition is managed closely per unit protocol and is very consistent from provider to provider.

According to unit policy, infants receiving the PHMF also received supplementation with a protein
modular to provide approximately 4 g protein/kg/day when fed at goal volumes.

Sole use of the ALHMF was initiated on April 1, 2011. Infants receiving the PHMF before this date
of fortification change were included in the control group (PHMF, n = 46). Infants receiving the
ALHMF following this date were included in the study group (ALHMF, n = 23). Infants transitioned
from the PHMF to the LHMEF on the date of fortification change were excluded.

2.3. Data Collection

Four investigators familiar with the electronic medical record and NICU terminology obtained all
data in a consistent predetermined manner. Collected information was reviewed for accuracy and
corrected if an electronic error occurred. All available information on each infant was included in the
analysis and is displayed in the tables.

2.4. Demographics

Demographic information was collected for all infants including gender, gestational age at birth and
discharge, and day of life (DOL) at discharge. Additional clinical outcomes were collected including
the presence of bronchopulmonary dysplasia (BPD), retinopathy of prematurity (ROP), intraventricular
hemorrhage (IVH), necrotizing enterocolitis (NEC), diaper dermatitis, and death. Treatment
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requirements were coded similarly if an infant required: oxygen at 36 weeks estimated gestational age
(EGA), ROP procedure, IVH shunt, Avastin treatment, Dexamethasone use, and Bicitra use. ROP
stage, IVH grade, and number of days of Dexamethasone use were included if available.

2.5. Anthropometrics

Infants were weighed daily on a gram scale, and head circumference and length (centimeters)
were recorded weekly by nursing staff using a measuring tape. Fenton growth curve percentile
rankings [18,19] were electronically plotted for each recorded anthropometric measurement. Weight, head
circumference, and length measurements with associated Fenton percentile rankings were taken for
infants at birth and at 36 weeks EGA, if available.

2.6. Nutrition

Enteral feeding data collected included day of life (DOL) enteral feedings were initiated, DOL full
enteral feedings were reached (with a discontinuation of parenteral nutrition support), and the number
of times enteral feedings were held (not secondary to preparation for a procedure). Maximum caloric
density and number of days on enteral feedings >24 cal/ounce were collected for infants requiring
caloric densities higher than the standard 24 cal/ounce to promote adequate growth.

Daily average provision of calories and protein (g) per kg body weight were calculated for infants
in each group if they received >50% of enteral feedings as fortified MBM during NICU stay. These
averages were taken when fortified enteral feedings reached a minimum of 140 mL/kg/day until either
daily intake was consistently less than this amount, the infant was changed to unfortified MBM, or the
infant received greater than 50% infant formula. Growth and nutrition was evaluated for the groups
comparing only growth during the period where the infant received >50% of enteral feedings as
fortified MBM. An electronic medical system (Intuacare™: Omaha, NE, USA) contained protein
references for breast milk and specified enteral formulas and caloric density. Nursing staff documented
daily intake of breast milk or specified enteral formulas, thus, daily calorie and protein provision per
kg of body weight were electronically calculated using the daily-recorded weight. The electronic
medical system also calculated the percentages of MBM vs. infant formula received according to
nursing documentation.

2.7. Laboratory Measurements

Maximum creatinine, maximum blood urea nitrogen (BUN) level, maximum base deficit value,
maximum calcium level, and lowest carbon dioxide (CO,) lab values were collected, if available, after
DOL 14 and DOL 30 for all infants. Values were not collected before DOL 14 to eliminate those
reflective of parenteral nutrition support and unfortified enteral feedings. Phosphorus and pH were not
consistently nor routinely obtained in this patient population and were therefore not collected in this
retrospective study.

2.8. Data Analysis
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Descriptive statistics were displayed for all variables by type of milk (powder vs. liquid) given. The
Wilcoxon rank sum test was used to compare continuous data between the milks groups. Associations
of categorical variables were assessed with the Fisher’s exact test. A p-value < 0.05 was considered
statistically significant. To assess the difference in growth patterns between infants given powder and
infants given liquid, a mixed effects model was used. We included random slopes and intercepts for
each subject to capture individual growth pattern as well as fixed effects for group and day and a group
day interaction term. A significant interaction of day and group indicates differing growth patterns
based on group. Growth Velocity (GV) was calculated using Equation 1 [20].

GV =[1000 x In(W,/W)]/(Dn — Dy) (1)
3. Results

There were 46 infants in the PHMF group (21 males, 25 females) and 23 infants in the ALHMF
group (13 males, 10 females) (p = 0.45). Additional baseline characteristics were not statistically
significant between the two groups, as shown in Table 2. Enteral feeding data, growth and analyzed lab
values are displayed in Table 3. Clinical outcomes are displayed in Table 4. ROP stage, IVH grade, and
number of days of Dexamethasone use were not statistically significant and are not included in Table 4.

Table 2. Baseline characteristics of the subjects.

PHMF ALHMF

Variable n Mean SD(H) n Mean SD (%) p-value
CGA at Birth 46  29.5 3.0 23 303 2.5 0.21
Birth Weight (g) 46 1293.7 407.5 23 14373 375.6 0.13
Birth Weight Percentile 46 314 2477 23 36 26.5 0.82

Weight at 36 Weeks CGA (g) 44 22459 450.72 18 20712 367.4 0.17
Weight Percentile at 36 Weeks CGA* 44  18.6 244 18 103 13.8 0.22

HC at Birth (cm) 46 27.2 34 22 279 2.1 0.19

HC Percentile at Birth 46 299 23.1 22 336 26.3 0.7

HC at 36 Weeks CGA (cm) 42 325 2.6 19 319 1.5 0.37
HC Percentile at 36 Weeks CGA * 42 388 30.7 19 314 24.6 0.5
Length at Birth (cm) 46  38.6 3.9 21 404 2.8 0.07
Length Percentile at Birth 46 314 246 22 328 219 0.68
Length at 36 Weeks CGA (cm) * 42 442 33 19 435 4.6 0.44

Length Percentile at 36 Weeks CGA" 42 173 223 19 213 28.1 0.93
* Growth at these time points represents nutrition delivery throughout hospitalization not just breast milk with
PHMF and ALHMF.

Table 3. Enteral feeding, growth and laboratory data.

Variable PHMF ALHMF p-Value
N  Median N  Median
Average Daily Provision of Protein per kg Weight 42 3.9 18 4.3 0.0014
CO2 Minimum after DOL 14 33 23 16 18.5 0.002
CO2 Minimum after DOL 30 23 25 8 20 0.002
Growth Velocity (g/kg/day) while on HMF 46 15.37 21 10.59 <0.0001
Growth (g/day, while on HMF) 46 31.27 21 23.66 0.0001

DOL Enteral Feedings Started 46 3.0 22 1.1 0.12
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Calcium Maximum 34 10.3 16 10.45 0.17
BUN Maximum after DOL 14 33 18 16 20 0.28
BUN Maximum after DOL 30 23 18 8 16 0.91

Creatinine Maximum 46 0.92 22 0.9 0.52

Table 4. Clinical outcomes.
) PHMF LHMF
Variable 1 (%) 7 (%) p-Value

NEC 0 (0%) 3 (13%) 0.03
ROP 16 (35%) 3 (13%) 0.09
ROP Procedure 3 (7%) 2 (9%) 1.00
IVH (any) 18 (39%) 4 (17%) 0.10
Dexamethasone Treatment 9 (20%) 1 (5%) 0.15
Bicitra Treatment 0 (0%) 1 (5%) 0.31
Death 0 (0%) 1 (4%) 0.33
Diaper Dermatitis 5 (11%) 4 (18%) 0.46
BPD 9 (20%) 3 (14%) 0.74

3.1. Safety and Clinical Outcomes

Mean lowest CO; lab values (collected while infants were enterally feeding and not acutely ill)
were significantly lower in the ALHMF group compared to the PHMF group after both DOL 14
(18.5 vs. 23 mmol/L, p = 0.002) and DOL 30 (20 vs. 25 mmol/L, p = 0.002). Lowest CO; lab values
after DOL 14 are displayed comparatively in Figure 1. Lowest values after DOL 30 are displayed

similarly in Figure 2. Maximum BUN and creatinine levels were similar between the two fortifier

groups and were not statistically significant. All other analyzed lab values were not statistically

different. All laboratory data in this retrospective study was obtained for clinical purposes regardless

of the fortifier group.

Incidence of NEC (a variable we were not powered to evaluate) was significantly higher in the

ALHMF group compared to the PHMF group (13% vs. 0%, p = 0.03).

Figure 1. CO2 levels between groups after Day of Life 14. The lowest CO2 levels after

DOL 14 were collected from metabolic panels. The mean level in the powder group

was 23, the mean level in the liquid group was 18.5. Laboratory clinical reference range

22-32 mmol/L. The difference is statistically significant (p = 0.002).
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Figure 2. CO2 levels between groups after Day of Life 30. The lowest CO2 levels after
DOL 30 were collected from metabolic panels. The mean level in the powder group
was 25, the mean level in the liquid group was 20. Laboratory Clinical reference range
22-32 mmol/L. The difference is statistically significant (»p = 0.002).
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3.2. Enteral Nutrition and Growth

Growth was significantly different between the two groups as measured in g/kg/day and is
described in Figure 3. Infant growth as measured in g/day from birth to 36 weeks EGA was 23.7 in
the PHMF group and 18.8 in the LHMF group (p = 0.057). There were no statistically significant
differences in the length of time to full feedings or the number of times that feedings were held that
could account for the difference in growth rates between the two groups.

Figure 3. The growth pattern of infants receiving powder differs from the growth pattern
of infants receiving liquid on fortified feed days. The plot shows the growth pattern for
each infant and the fitted line by group. Based on the plot, infants on powder grow at a
faster rate than infants receiving liquid. Evaluation of growth in gm/kg/day for the days
infants were fed fortified breast milk, based on the mixed effects model, shows a
significant interaction between day and group (p = 0.0022). Truncating the analysis at 45
days did not attenuate the results.
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Daily average protein/kg/day provision was higher in the ALHMF group compared to the PHMF
group (4.3 vs. 3.9 g, p = 0.0014). Mean enteral calorie provisions in the ALHMF group were higher
than in the PHMF group, 117.3 kcal/kg/day in the PHMF group as compared to 128.7 kcal/kg/day for
infants in the ALHMF group (p = 0.057). A higher proportion of infants in the ALHMF group required
increased caloric density of feedings >24 cal/ounce as compared to infants in the PHMF group,
(48% vs. 26%, p = 0.10). While this did not reach a statistical difference, clinically this was notable.

4. Discussion

To our knowledge, we are the first study to date to report our clinical findings of increased
complications with the use of ALHMEF in a Level Illc clinical setting. In our retrospective analysis of
acidosis, growth, and clinical outcomes in NICU infants fed with human milk fortified with LHMF
and PHMF we found significant acidosis and poor growth in the infants receiving LHMF. These
findings were very consistent with our clinical impressions during our clinical use of the LHMF.
We were also surprised to see increased NEC in the ALHMF group. Although we were not powered
as a primary outcome to evaluate NEC, we strongly encourage cautious further evaluation of the
product in the clinical setting with regards to this serious outcome.

A key difference in the ALHMF as compared to the PHMF is the acidification process required for
sterilization. This difference is likely to explain the increased complications seen in the ALHMF
group. The preterm infant’s inability to buffer this acid load likely led to an increase in clinical
complications including acidosis, poor growth, and, possibly, NEC.

4.1. Acidosis

There was a higher incidence of clinically significant metabolic acidosis in the ALHMF group, with
one infant requiring treatment with Bicitra. No infants in the PHMF group required Bicitra treatment,
even with twice as many patients in this group. Premature infants are susceptible to metabolic
acidosis [21] and renal tubular acidosis. However, these imbalances of acid base status should begin to
normalize after the first weeks of extrauterine life [21]. Considering similar baseline characteristics,
we hypothesize additional enteral acid load was a potential contributor to this increased incidence of
metabolic acidosis in the LHMF group.

Premature infants are at risk for developing metabolic acidosis secondary to immature
metabolic processes, a lower renal capacity to adequately excrete acid, and higher urinary losses of
bicarbonate [2,4,22]. Quantity of protein may affect metabolic processes; however the median daily
average protein provisions for each fortifier group were within the currently recommended ranges [1].
No clearly defined amount for maximum protein provision exists, however, it is suggested that intakes
greater than 6 g/kg/day are poorly tolerated [2]. Maximum daily average protein provisions for both
groups were below this level. Another reference states that protein provisions greater than 5 g/kg/day
may cause azotemia [1], but each group had intakes below this value, and maximum BUN and
creatinine levels were not different in the two fortifier groups. Having increased protein intake in
the PHMF group as well as the ALHMF group helps to illuminate that increased protein content in
the ALHMF was not likely the cause of the adverse outcomes.
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We question if the acidification sterilization process of the ALHMF may contribute to this acidosis
in some fragile premature infants. Our patient population included in this study was not limited by
respiratory acuity, as was the population in the Moya et al. paper [23]. We hypothesize that our more
inclusive population of both healthy infants and more fragile infants who may have less respiratory
stability decreases their capability to buffer the acid load provided in the ALHMF resulting in clinical
acidosis in some cases requiring medical therapy. It may be unwise in a fragile preterm infant
population to minimize the clinical significance of the metabolic acidosis noted in the ALHMF groups
in our study, the study conducted by Moya et al. [24], who reported that infants fed the ALHMF had
significantly lower pH (at day six), bicarbonate (at day six and 14), and CO; (at day 14 and 28), and
significantly higher chloride (at day 14 and 28). Additionally, in an abstract evaluating 100 infants, 50
fed with ALHMF and 50 fed with PHMF, published by Cibulskis et al., from Saint Louis University at
the 2013 AAP_NCE, similar metabolic acidosis is described in this patient population (54% ALHMF
vs. 10% PHMEF, p = 0.0001) [25]. As reported in their abstract, this grouptreated the acidosis as if it
were clinically significant, discontinuing ALHMF on 21/50 patients due to a clinical diagnosis of
acidosis [25].

4.2. Enteral Nutrition and Growth

Infants in the PHMF group received a mean daily calorie intake of 117.3 kcal/kg/day as compared
to infants in the ALHMF group who received a mean calorie intake of 128.7 kcal/kg/day. Infants in the
ALHMF group also received a median of 0.4 g protein/kg/day more than the infants in the PHMF
group. Despite higher protein and calorie provisions in the LHMF group, growth during the HMF
period was slower between the two groups as evaluated by several methods: in a mixed effects model
evaluated in g/kg/day (p = 0.002), in g/day (p = 0.0001), and by growth velocity in g/kg/day
(p < 0.0001). Noted also, is that ALHMF infants experienced an additional decrease of 10 growth
curve percentiles for weight from birth to 36 weeks EGA when compared to infants in the PHMF
group (growth at 36 weeks is representative of nutrition delivery that is not limited to the period
evaluated on PHMF and ALHMF). As Dexamethasone use inhibits growth in premature infants [4],
we further note that fewer infants in the ALHMF group (5%) compared to the PHMF group (20%)
required this drug for clinical treatment (p = 0.15).

Maintaining appropriate growth in this patient population was a high priority, so infants with
suboptimal growth were fed increased caloric density feedings above 24 cal/oz. Though not
statistically significant, a higher proportion of infants in the ALHMF group (48%) required caloric
densities greater than 24 cal/ounce when compared to the PHMF group (26%). Had those 48% of
infants in the ALHMF group not been prescribed increased caloric densities due to clinical
observations of poor growth differences in growth throughout the hospitalization would likely have
been larger between the PHMF groups and ALHMF groups. The statistical significance in infant
growth as noted in g/kg/day is seen in spite of the high priority our unit takes in maintaining optimal
growth and the subsequent aggressive adjustment of caloric density to achieve desired results. This
was ultimately the reason 26% of infants receiving ALHMF were transitioned to receive the PHMF
once the ALHMF use was discontinued in the NICU.

Not only are these growth effects consistent with the findings of Moya et al., they raise further
questions [24]. Moya et al., reported no significant differences in rate of weight gain or head
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circumference growth between infants fed this same ALHMF and infants fed a PHMF, even though
the human milk fortified with ALHMF contained 23% more protein (3.2 vs. 2.6 g protein/100 mL
fortified preterm human milk) [24]. In our study, even though we compensated for the difference
in protein content so that protein intake was similar, there was still poorer growth in infants
fed ALHMF.

At least part of the inability of the additional protein to improve growth may be due to the acidosis
noted above. It is well-known that infants with metabolic acidosis hyperventilate, as the expiration of
CO, drives the elimination of H' ions through the bicarbonate buffering system. What is less well
recognized is that protein catabolism can also be utilized to decrease acidity by the elimination of H"
ions through the urinary excretion of NH,". Acidosis reduces protein synthesis in rats [26] and leads to
protein catabolism in humans [27].

4.3. NEC

No infants in PHMF group developed NEC compared to 13% in the ALHMF group. Reasons for
these occurrences remain unclear, as similar prevention strategies were followed for each group.
Previous implementation of aggressive nutrition practices in our unit demonstrated improved feeding
tolerance and clinical outcomes, with no increased incidence of NEC [12]. These nutrition practices
remained unchanged during the study period, and no additional clinical practices were implemented
concurrent with the change in human milk fortification. Slow rate of enteral feeding advancement
remained consistent between both groups, as evidenced by no statistically significant differences in
length to full enteral feedings. No changes in brand or caloric density of premature infant formula were
made, and infant formula was utilized equally in both groups if no MBM was available. As no
additional practice changes were implemented during this study period, we can neither confirm nor
exclude use of the ALHMF as a contributor to these occurrences of NEC. Although this study was not
powered to detect NEC based on historical incidence in our unit with rates over the last five years
ranging from 2% to 5% from our Vermont Oxford Network data, one should consider that significant
differences with small sample sizes may either reflect coincidental effects due to sample size, or may be
due to a real difference that is unexpectedly large.

4.4. Metabolic Acidosis

Literature suggests that premature infant formulas contain a high renal acid load, though human
milk contains less [2,21]. Research has additionally demonstrated that the composition of infant
formulas may affect the urinary pH and nutrient excretion of premature infants [21,22]. It is further
proposed that high renal acid loads contribute to maximum renal acid stimulation (urine pH < 5.4) [28] in
premature infants with immature renal function. Previous research studies have demonstrated that
infants with metabolic acidosis or maximum renal acid stimulation exhibit decreased growth [28,29].
This may also result in an increase in urinary sodium excretion [24,29] and a decrease in nitrogen
assimilation [30]. Blood sampling for acid-base indicators may not be significantly abnormal in
the presence of maximum renal acid excretion [22,28]. However, CO, values may trend low [28§],
which was clearly observed among infants in the ALHMF group (p = 0.002).
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4.5. Summary

Our results showing increased acidosis in the ALHMF group raise further concerns with use of
the ALHMF, as infants with metabolic acidosis may experience altered nutrient metabolism [28,31]
and decreased bone mineralization [32], leading to poor growth and osteopenia of prematurity.

Poor growth in the ALHMF group may also be attributed to changes to the nutrient content of the
milk caused by acidification as described by Erickson et al. [23]. This group reported significant
changes in acidified breast milk, including decreased total protein content, lipase activity, and free
fatty acids [23]. The nutritional changes in the composition of acidified breast milk documented by
Erickson in vitro may have led to the in vivo growth deficiencies noted in our ALHMF population [23].

S. Strengths and Limitations
5.1. Strengths

This study is the first to quantify results of use of ALHMF in a Level Illc NICU setting. We are
uniquely situated to evaluate outcomes of our use of ALHMF in our patient population for several
important reasons. First, we initiated utilization of this product on all infants at one time. There was no
possibility of crossover product use to decrease the validity of the data. Additionally, we used this
product on all infants who would be eligible to receive fortified human milk, as would be expected in
a clinical NICU practice. This makes our data very relevant and applicable to clinical NICU settings.

Second, our clinical management of nutrition in this patient population has been published and
remains very successful with excellent growth and low baseline rates of NEC. Not only do we manage
nutrition care of this population very closely, but we also have a defined protocol in place so that
infants (except for fortification method) receive the same nutrition interventions over time regardless
of which group, PHMF or ALHMF, they received.

Additionally, our nutrition management with additional protein added to the PHMF group makes
the comparison of the two groups more relevant by giving them a more similar nutrient intake at
baseline than a comparison of ALHMF and PHMF alone which compares a large difference in
delivered protein.

Finally, we have a very detailed nutrition documentation medical record system, Intuacare. This
system allows for easy retrieval of detailed nutrition information including daily percentages of breast
milk, daily caloric intake, and daily protein intake in g/kg/day. This allows for minimal reporting error
in a retrospective study, such as this, and provides an excellent historical representation of each
infant’s delivered nutrition.

5.2. Limitations

This retrospective review of a clinical trial of a commercially available acidified liquid human milk
fortifier has several limitations including the retrospective nature of the study, and a modest sample
size, which limits the power of some data points. These limitations were partially reduced by our
reliance on electronic documentation for data collection and analysis. All medical documentation
remains variable between individuals and we cannot quantify unrecorded data, but the system utilized
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allowed for complete assessment of all recorded data on each research subject. As with any study
evaluating growth, head circumference and length measurements are also variable as length boards
were not used and measuring tape placement may vary between nursing staff. Some subjects were
discharged prior to 36 weeks EGA, therefore, anthropometric measurements at 36 weeks EGA were
not available. Likewise, lab values were also unavailable for these infants and could not be included in
data analysis.

Alterations in human milk composition are continuous, so calculated nutrient compositions of
fortified human milk may only serve as general estimations for our nutrient comparisons. Standard
NICU nutrition practices are followed as consistently as possible, however feeding advancement may
remain variable according to infant clinical status. Furthermore, the proportion of feedings as human
milk or formula remained variable among each infant. In an ideal study, all enrolled infants would
receive human milk only.

Though the incidence of NEC was statistically significant, it was not powered as a primary outcome
for this study. We also suspect that diaper dermatitis was under-recorded during this study period, as
our clinical experience suggests that diaper dermatitis is infrequently documented in the electronic
medical record even when infants experience more serious medical complications. However, perceived
worsening skin breakdown in our unit while using the ALHMF prompted development of a unit list of
infants with diaper dermatitis. Unfortunately, not a