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Preface

Dietetics is a scientific discipline that focuses on human nutrition, regulation of diet and improving human health.
This book on nutrition and dietetics encompasses various clinical trials, experiments and case studies that analyze
and evaluate current knowledge on nutrition sources and treatment techniques for nutritional deficiency. The aim
of this book is to present researches that have transformed this discipline and aided its advancement. With state-
of-the-art inputs by acclaimed experts of this field, this book targets students and professionals.

The information contained in this book is the result of intensive hard work done by researchers in this field. All
due efforts have been made to make this book serve as a complete guiding source for students and researchers. The
topics in this book have been comprehensively explained to help readers understand the growing trends in the field.

I would like to thank the entire group of writers who made sincere efforts in this book and my family who
supported me in my efforts of working on this book. I take this opportunity to thank all those who have been a
guiding force throughout my life.

Editor

WORLD TECHNOLOGIES




WORLD TECHNOLOGIES




Higher iron pearl millet (Pennisetum glaucum L.)
provides more absorbable iron that is limited by
increased polyphenolic content

Flad Tako'", Spenser M Reed'?, Jessica Budiman?, Jonathan J Hart' and Raymond P Glahn'

Abstract

Background: Our objective was to compare the capacity of iron (Fe) biofortified and standard pearl millet
(Pennisetum glaucum L.) to deliver Fe for hemoglobin (Hb)-synthesis. Pearl millet (PM) is common in West-Africa
and India, and is well adapted to growing areas characterized by drought, low-soil fertility, and high-temperature.
Because of its tolerance to difficult growing conditions, it can be grown in areas where other cereal crops, such as
maize, would not survive. It accounts for approximately 50% of the total world-production of millet. Given the
widespread use of PM in areas of the world affected by Fe-deficiency, it is important to establish whether
biofortified-PM can improve Fe-nutriture.

Methods: Two isolines of PM, a low-Fe-control (“DG-9444", Low-Fe) and biofortified (“ICTP-8203 Fe” High-fe) in Fe
(26 pg and 85 ug-Fe/g, respectively) were used. PM-based diets were formulated to meet the nutrient requirements
for the broiler (Gallus-gallus) except for Fe (Fe concentrations were 22.1+0.52 and 78.6+0.51 ug-Fe/g for the Low-Fe
and High-Fe diets, respectively). For 6-weeks, Hb, feed-consumption and body-weight were measured (n=12).

Results: Improved Fe-status was observed in the High-fe group, as suggested by total-Hb-Fe values (15.5+0.8 and
26.7+1.4 mg, Low-Fe and High-Fe respectively, P<0.05). DMT-1, DcytB, and ferroportin mRNA-expression was higher
(P<0.05) and liver-ferritin was lower (P>0.05) in the Low-Fe group versus High-Fe group. In-vitro comparisons indicated
that the High-Fe PM should provide more absorbable-Fe; however, the cell-ferritin values of the in-vitro bioassay were
very low. Such low in-vitro values, and as previously demonstrated, indicate the presence of high-levels of
polyphenolic-compounds or/and phytic-acid that inhibit Fe-absorption. LC/MS-analysis yielded 15 unique parent
aglycone polyphenolic-compounds elevated in the High-Fe line, corresponding to m/z =431.09.

Conclusions: The High-Fe diet appeared to deliver more absorbable-Fe as evidenced by the increased Hb and Hb-Fe
status. Results suggest that some PM varieties with higher Fe contents also contain elevated polyphenolic concentrations,
which inhibit Fe-bioavailability. Our observations are important as these polyphenols-compounds represent potential
targets which can perhaps be manipulated during the breeding process to yield improved dietary Fe-bioavailability.
Therefore, the polyphenolic and phytate profiles of PM must be carefully evaluated in order to further improve the
nutritional benefit of this crop.

Keywords: Pearl millet, Biofortification, Iron bioavailability, Polyphenols, In vitro digestion/Caco- 2 cell model, Broiler
chicken

* Correspondence: et79@cornell.edu

'USDA/ARS, Robert W. Holley Center for Agriculture and Health, Cornell
University, Ithaca, NY 14853, USA

Full list of author information is available at the end of the article
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Introduction

The World Health Organization estimates that approxi-
mately one-third of worldwide infant deaths and one
half in developing countries can be attributed to malnu-
trition. More specifically, iron (Fe) deficiency is the most
common nutritional deficiency worldwide [1]. Fe defi-
ciency is particularly widespread in low-income coun-
tries because of a general lack of consumption of animal
products (which can promote non-heme iron absorption
and contain highly bioavailable heme Fe) coupled with a
high consumption of cereal grains and legumes replete
with antinutrients (e.g., polyphenolic compounds and
phytic acid) that are inhibitors of Fe bioavailability [2,3].

Poor dietary quality is more often characterized by
micronutrient deficiencies or reduced mineral bioavail-
ability, than by insufficient energy intake [3,4]. Diets
with chronically poor Fe bioavailability which result in
high prevalence of iron deficiency and anemia increase
the risk of all-cause child mortalities and also may lead
to many pathophysiological consequences including
stunted growth, low birth weight, delayed mental devel-
opment and motor functioning, and others [5-7]. Thus,
a crucial step in alleviating Fe deficiency anemia is
through understanding how specific dietary practices
and components contribute to the Fe status in a particu-
lar region where Fe deficiency is prevalent.

Pear] millet (PM) is a resilient cereal crop, grown mostly
in marginal environments in the arid and semi-arid trop-
ical regions of Asia and Africa [8-10]. It is a major dietary
constituent for peoples living in Western India and the
Sahel region of the African continent, and is often served
as a complementary food for infants and young children
[11,12]. For example, among the rural poor in India, PM
intake can reach nearly 60% of all cereal grain consump-
tion [8]. A major non-nutritional advantage to PM con-
sumption is that it can be grown in areas with very limited
rainfall, where crops such as maize or sorghum are very
likely to fail during most growing seasons [8,13]. As a
well-adapted crop to growing areas characterized by
drought, low soil fertility, and high temperature, it per-
forms well in soils with high salinity or low pH [13,14].

With regard to nutritional quality, PM is at least equiva-
lent to maize and generally superior to sorghum in protein
content/quality and metabolizable energy levels [10], as
well as digestibility [15]. Furthermore, PM does not usu-
ally contain significant amounts of condensed polyphe-
nols, such as the tannins commonly found in other staple
crops such as sorghum, which can decrease digestibility
[16]. PM grain is also rich in important micronutrients
such as Fe and Zn, and has a more complete amino acid
profile than maize or sorghum [15]. Taken in totality,
these qualities make PM a major contributor of dietary
protein, Fe, and Zn intake in a variety of rural populations
in India and sub-Saharan Africa [10,11].
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Recently, conventional plant breeding at ICRISAT (Inter-
national Crops Research Institute For the Semi-Arid
Tropics, Andhra Oradesh, India) has developed bioforti-
fied PM containing up to 90 ug Fe/g PM, a substantial in-
crease over standard PM containing 36-50 pg Fe/g PM
[17]. A previous study that assessed biofortified PM line to
deliver more absorbable Fe to young women indicated
that consumption of the Fe biofortified PM increased the
amount of absorbable Fe [18]. Another study in young
children assessed the absorption of Fe and Zn from biofor-
tified PM, and found that the concentrations of both Fe
and Zn absorbed were more than adequate to meet the
physiological requirements for these micronutrients [11].

However, an increase in Fe concentration in PM may
not necessarily translate into a proportional increase in
absorbed Fe since genotypes with high Fe concentrations
may also have increased (or decreased) concentrations
of Fe absorption inhibitors or enhancers [19]. Therefore,
it is necessary to measure both the amount of bioavail-
able Fe and the concentration of Fe in these new iron-
enhanced crops, as well as potential inhibitors (e.g.,
polyphenols) of Fe bioavailability [19,20].

The Gallus gallus model has been used extensively for
nutritional research and has shown to be an excellent ani-
mal to model Fe bioavailability [21], as chicks respond
quickly to Fe malnutrition, and their micronutrient defi-
cient phenotypes include poor Fe status, growth stunting,
and organ hypertrophy. Further, this model agrees well with
in vitro Caco-2 cell results [19,20,22-26]. Hence, the object-
ive of the current study was to compare the capacities of
two pearl millet varieties to deliver Fe for Hb synthesis and
to improve the Fe status of Fe deficient broiler chickens.

Materials and methods
Diets, animals and study design
The two pearl millet isolines used in the study were de-
veloped from a low Fe commercial variety for India
(DG-9444, “Low-Fe”) and an introgressed, open polli-
nated variety line (ICTP 8203 Fe, “High-Fe”). Seed was
multiplied in Andrha Pradesh, India under phosphorus
fertilized, standard agronomic conditions and shipped to
Ithaca, New York in sealed containers imported as grain.
Forty eight Cornish cross fertile broiler eggs were ob-
tained from a commercial hatchery (Moyer’s chicks,
Quakertown, PA). The eggs were incubated under opti-
mal conditions at the Cornell University Animal Science
poultry farm incubator. Upon hatching (hatchability rate
was 93%), chicks were allocated into 2 treatment groups
on the basis of body weight, gender and blood Hb con-
centration (aimed to ensure equal distribution between
groups, n = 12): 1. High-Fe: 75% pearl millet diet (78 pg/g
Fe); 2. Low-Fe: 75% pearl millet diet (22 pg/g Fe). Experi-
mental diets had no supplemental Fe. Diets compositions
are shown in Table 1.
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Table 1 Composition of the experimental diets' >
Ingredient High-Fe Low-Fe
(Biofortified) (Standard)
g/kg (by formulation)
High-Fe Pearl millet (84.9 ug/g Fe) 750 -
Low-Fe Pearl Millet (25.9 pg/g Fe) - 750
Skim milk, dry 100 100
DL- Methionine 25 25
Corn starch 47.5 475
Corn oil 30 30
Choline chloride 0.75 0.75
Vitamin/mineral premix (no Fe) 70 70
Total (g) 1000 1000
Selected components mean + SEM, n =5 (by analysis)
Dietary Fe concentration (ug/g) 786 +0.51° 22.1+052°
Phytic Acid (ug/g) 9940 + 1380° 10500 + 230°
Phytate:Fe molar ratio® 107 +0.55° 402 +0.35%

'Vitamin and mineral premix provided/kg diet (330002 Chick vitamin mixture;
235001 Salt mix for chick diet; Dyets Inc. Bethlehem, PA).

2Iron concentrations in the diets were determined by an inductively-coupled
argon-plasma/atomic emission spectrophotometer (ICAP 61E Thermal Jarrell
Ash Trace Analyzer, Jarrell Ash Co. Franklin, MA) following wet ashing.
3Method for determining phytate is described in the materials and methods
section.

2Pwithin a row, means without a common letter are significantly different

(P <0.05).

Chicks were housed in a total-confinement building (1
chick per 0.5 m* metal cage). Birds were under indoor
controlled temperatures and were provided 16 h of light.
Each cage was equipped with an automatic nipple drinker
and manual self-feeder. All birds were given ad libitum ac-
cess to water (Fe content was 0.379 £ 0.012 mg/L). Feed
intakes were measured daily (as from day 1). Dietary Fe in-
take was calculated from feed intake and Fe concentration
in the diets.

Blood analysis and Hemoglobin (Hb) measurements
Blood samples were collected weekly from the wing vein
(n=12, ~100 pL) using micro-hematocrit heparinized
capillary tubes (Fisher, Pittsburgh, PA). Samples were
collected in the morning (starting at 08:00) following an
8 h overnight fast. The samples were analyzed for Hb
concentration. Body weights and Hb concentrations were
measured weekly.

Fe bioavailability was calculated as hemoglobin main-
tenance efficiency (HME) [21]:

Hb Fe, mg (final)-Hb Fe, mg (initial)

HME =
Total Fe Intake, mg

x 100

Where Hb-Fe (index of Fe absorption) = total body
Hb-Fe. Hb-Fe was calculated from Hb concentrations

and estimates of blood volume based on body weight
(a blood volume of 85 mL per kg body weight is as-
sumed) [21]:

Hb- Fe (mg) = B.W. (kg) x 0.085 L blood/kg
x Hb (g/L) x 3.35mg Fe/g Hb.

At the end of the experiment (day 42), birds were eu-
thanized by CO, exposure. The digestive tracts and
livers were quickly removed (within 1 min post death)
from the carcass and separated into various sections for
tissue (duodenum and liver ~ 1-2 cm; ~2-3 g, respectively).
The samples were immediately frozen in liquid nitrogen,
and then stored in a —80°C freezer until analysis. All ani-
mal protocols were approved by the Cornell University
Institutional Animal Care and Use Committee. Blood Hb
concentrations were determined spectrophotometrically
using the cyanmethemoglobin method (H7506-STD, Pointe
Scientific Inc. Canton, MI) following the kit manufac-
turer’s instructions.

Isolation of total RNA

Total RNA was extracted from 30 mg of duodenal (prox-
imal duodenum, n=12) and liver tissues (n=12) using
Qiagen RNeasy Mini Kit (Qiagen Inc., Valencia, CA) ac-
cording to the manufacturer’s protocol. All steps were car-
ried out under RNase free conditions. RNA was quantified
by absorbance at 260-280 nm. Integrity of the 28S and
18S rRNA was verified by 1.5% agarose gel electrophoresis
followed by ethidium bromide staining [19-26].

DMT1, DcytB and ferroportin gene expression analysis

As previously described [19-26], PCR was carried out
with primers chosen from the fragments of chicken
(Gallus gallus) duodenal and hepatic tissues [Divalent
Metal Transporter-1, DMT1 gene (GeneBank database;
GI 206597489) (forward: 5-AGC CGT TCA CCA CTT
ATT TCG-3’; reverse: 5-GGT CCA AAT AGG CGA
TGC TC-3), Duodenal Cytochrome B, DcytB gene (GI
20380692) (forward: 5-GGC CGT GTT TGA GAA
CCA CAA TGT T-3’; reverse: 5-CGT TTG CAA TCA
CGT TTC CAA AGA T-3) and Ferroportin gene (GI
61098365) (forward: 5-GAT GCA TTC TGA ACA ACC
AAG GA’; reverse: 5-GGA GAC TGG GTG GAC AAG
AAC TC-3)].Tissue-specific 18S rRNA was used to
normalize the results [(GI 7262899) (forward: 5- CGA
TGC TCT TAA CTG AGT-3’; reverse: 5-CAG CTT
TGC AAC CAT ACT C-3’)]. All PCR products were
separated by electrophoresis on 2% agarose gel, stained
with ethidium bromide, and quantified using the Quan-
tity One 1-D analysis software (Bio-Rad, Hercules, CA).
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In-vitro Fe bioavailability assessment

An in vitro digestion/Caco-2 cell culture model [19] was
used to assess in vitro Fe bioavailability. In this method,
the cooked pearl millet samples and the formulated diets
were subjected to simulated gastric and intestinal diges-
tion. Exactly 0.5 g of the freeze-dried cooked pearl millet
and diets samples were utilized for each replication of
the in vitro digestion process.

Harvesting of Caco-2 cells for ferritin analysis

The protocols used in the ferritin and total protein con-
tents analyses of Caco-2 cells were similar to those pre-
viously described [19]. Caco-2 cells synthesize ferritin in
response to increases in intracellular Fe concentration.
Therefore, we used the ratio of ferritin/total protein
(expressed as ng ferritin/mg protein) as an index of the
cellular Fe uptake. All glassware used in the sample
preparation and analyses were acid washed.

Ferritin and Fe in the liver, electrophoresis, staining and
measurement of gels

Liver ferritin and liver Fe quantification were conducted
as previously described [21]. The gels were scanned with
Bio-Rad densitometer. Measurements of the bands were
conducted using the Quantity-One 1-D analysis program
(Bio-Rad, Hercules, CA). All samples (n=6) were ana-
lyzed in duplicates (n = 6).

Polyphenolic relative amounts in diets

A list of reported compounds was obtained by gener-
ation of high accuracy mass-to-charge (m/z) data de-
rived from analysis of the PM samples using a UPLC/
MS system and related software [19,27]. From this m/z
data, the METLIN database (METLIN, Scripps Center,
La Jolla, CA) was used to identify a further list of poten-
tial flavonoid aglycones present in greater concentration
in the High-Fe PM, and compiled in Table 2.

Polyphenol extraction

As previously described [19,27], to one gram of ground
PM material, 5 mL of methanol:water (50:50) was added.
The slurry was vortexed for one minute, placed in a son-
ication water bath for 10 minutes, vortexed again for
one minute, and centrifuged at 4000 x g for 15 min. The
supernatant was filtered with a 0.45 pum syringe filter
and stored for later use in a —20°C freezer.

LC/MS analysis

As previously described [19,27], Extracts were analyzed
by LC-MS with an Acquity UPLC coupled to a Xevo G2
QTof spectrometer (Waters Corp. Milford, MA). For LC
analysis, 5 pL samples of extract were injected and passed
through a HSS C18 1.8 um 2.1 x 100 mm column (Wa-
ters) at 0.4 mL/min. The mobile phase consisted of water

Nutrition and Dietetics

Table 2 Aglycone of polyphenolic compounds corresponding
to an m/z=431.09 highly-enriched in the High-Fe PM

Class Compound Putative in vitro Citation
effect on Fe
absorption/

bioavailability
Flavones Apigenin l [28,29]
Baicalein ! [30,31]
Luteolin ! [28]

Norwogonin *

Scutellarein *
5,7,2-Trihydroxyflavone *
7,3'4-Trihydroxyflavone *

73'4' 5-Tetrahydroxyflavone *
Flavonol Galangin l [32]

Kaempferol ! [28]

Isoflavones Dihydrodaidzein ! [28]
Genistein ! [29,33]
Trihydroxyisoflavone *
6,7 4-trinydroxyisoflavone *
Anthocyanins Pelargonidin l [34]

*As of the writing of this paper, no data on the putative effects of these
compounds relating to Fe absorption/ bioavailability exist.
| Decrease of Fe bioavailability/absorption in vitro.

with 0.1% formic acid (solvent A) and acetonitrile with
0.1% formic acid (solvent B). Polyphenols were eluted
using linear gradients of 2.4 to 20% B in 2.5 min, 20 to
40% B in 0.5 min, 40 to 52% B in 2 min, 52 to 95% B in
0.5 min, 95 to 2.4% B in 1 min, and a 0.5 min hold at 2.4%
B. ESI mass spectrometry was performed in positive
ionization mode with a scan speed of 5/s in the mass
range from 50 to 1200 Da. Lock-mass correction was used,
with leucine-enkephalin as the external lock-mass stand-
ard. Instrumentation and data acquisition were controlled
by MassLynx (Waters Corp., Milford, MA) software.
Eluted compounds were marked by mass (m/z) and rela-
tive abundance using MarkerLynx (Waters Corp., Milford,
MA) software. Potential polyphenol identities of individual
masses were obtained by reference to METLIN database
(Scripps Center for Metabolomics).

Determination of phytic acid concentration in the diet
samples

Dietary phytic acid (phytate)/total phosphorus was mea-
sured as phosphorus released by phytase and alkaline
phosphatase, following the kit manufacturer’s instruc-
tions (n=5) (K-PHYT 12/12, Megazyme International,
Ireland).

Statistical analysis
Results were analyzed by ANOVA using the general lin-
ear models procedure of SAS software (SAS Institute
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Inc. Cary, NC). Differences between treatments were
compared by Tukey’s test and values were considered
statistically different at P <0.05 (values in the text are
means + SEM).

Results

Growth rates, Hb, Hb-Fe and HME

There were no significant differences in feed intakes at
any time throughout the study. However, Fe intakes
were consistently higher in the High-Fe group versus
Low-Fe group. As from day 14 of the study, body
weights were higher (P < 0.05) in the High-Fe group ver-
sus Low-Fe group. Also, as from day 35 of the study, Hb
concentrations were higher (P<0.05) in the High-Fe
group versus Low-Fe group (Figure 1). The increase in
total body Hb-Fe from day 14 until study conclusion
was significantly greater in the High-Fe group versus
Low-Fe group (25.6 + 1.4 mg and 14.4 + 0.8 mg, respect-
ively, P < 0.05, Figure 1). HME was significantly different
between groups at all-time points, with a higher percent
obtained in the bird group receiving the standard PM
diet (Low-Fe, n =6, P <0.05).

Gene expression of iron transporters (DMT-1, Ferroportin)
and DcytB in the duodenum

Gene expression analysis of duodenal DMT-1, Ferropor-
tin and DcytB, with results reported relative to 18S
rRNA, revealed increased mRNA expression of DMT-1,
Ferroportin, and DcytB in the Low-Fe group compared
to the High-Fe group (Figure 2) (n =6, P <0.05).

Caco-2 cell ferritin protein formation

Ferritin concentrations were significantly higher in cells
exposed to the High-Fe diet versus the Low-Fe diet, as
well as higher in cells exposed to the High-Fe PM versus
Low-Fe PM only (P <0.05, n = 6, Table 3).

Ferritin and Fe in the liver

The avian ferritins corresponded to a weight of approxi-
mately 470 to 500 kDa [21]. No significant differences in
liver Fe or liver ferritin concentrations (with liver speci-
mens collected on day 42) were measured between the
treatment groups (n =6, P > 0.05, Table 4).

A 120 -

100 -
80
60 -
40 -

Hemoglobin (g/L)

20 -

Total body Hb-Fe
content (mg)

@

Hemoglobin maintenance

80 -
70 |
60 |
50
40
30
20 1
10 1

efficiency (%)

Day 0 Day7 Day 14 Day 2l Day 28 Day 35 Day 42

Figure 1 Iron status parameters of chicken fed the tested diets from days 0- 42". (A) Hb (g/L), (B) Total body Hb-Fe content (mg), and
(€) % HME. 'Values are mean daily feed intakes for the 7 days preceding the day designated in the column heading (n=12).
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Polyphenolic relative amounts in the diets samples
Phenolic analysis [19,27] of the PM samples detected
three specific mass-to-charge ratios (m/z), one of which
significantly higher in the High-Fe (biofortified) PM var-
iety (AU, P<0.05). The elevated mass (m/z=431.09)
corresponds to 15 possible candidate glycosylated phen-
olic compounds. The aglucones of these compounds, as
well as their purported effect on Fe absorption and bio-
availability [28-34], can be found in Table 2.

Phytate concentration and Phytate:Fe molar ratios in the
diet samples

No significant differences in phytate concentration were
measured between High-Fe and Low-Fe diets (n=5,
P >0.05). Dietary phytate concentrations (as inositol

Table 3 Ferritin concentrations in Caco-2 cells exposed to
samples of PM only and PM-based diets

Tested sample’ Ferritin/cell protein (ng/mg)

Cell Baseline 1.54d°+0.12
FeCl, 5869° +2.29
FeCl; + Ascorbic Acid 364.95% + 19.55
Low-Fe PM only 1.22°+0.05
High-Fe PM only 261°+036
Low-Fe PM-based diet 1479 +027
High-Fe PM- based diet 246°+0.13

'Caco-2 bioassay procedures and preparation of the digested samples are
described in the materials and methods sections (mean + SEM).

2Cells were exposed to only MEM (minimal essential media) without added
food digests and Fe (n=6).

@€ Within a column, means without a common letter are significantly different
(P <0.05).

hexaphosphate, IP6) are shown in Table 1. The concentra-
tions of phytic acid (IP; ) and Fe in the diets were used
to calculate the phytate to Fe molar ratios. However, as ex-
pected, the ratios of phytate:Fe significantly differ between
diets (40.2 +£ 0.35 and 10.7 + 0.55 for the Low-Fe and High-
Fe PM diets, respectively, n =5, P > 0.05, Table 1).

Discussion

PM is a pervasive and nutritious grain harvested in
many parts of the world; it is common primarily in West
Africa and the Indian subcontinent, where micronutrient
deficiencies are rampant [8]. It is an unusually hardy
food crop, and consequently there is a progressive in-
crease in the use of these grains as a major food staple,
especially among subsistence farmers and the rural poor
in large areas of India and sub-Saharan Africa [8,35]. In
terms of biofortification, target levels for PM Fe concen-
tration have been set at nearly 77 pg/g or higher, which
should likely represent a 30-40 pg/g differential from
the more typical PM Fe levels [17]. In the present study,
the differential in Fe content between the two PM lines
was 56 ug/g, thus confidence was high going into the

Table 4 Ferritin protein and the iron concentration in the
liver

Treatment  Ferritin Iron Iron/Ferritin
diet (ng/g wet weight)  (png/g wet weight)  (umol)
High-fe 285 +85° 252+39% 345+35%
Low-Fe 277 +7.1° 193+2.7° 297 +53°%

Atomic mass for iron used for calculations defined as 55.8 g/mol.
2Within a column, means with a common letter are not significantly different
(n=12, P>0.05, mean + SEM).
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study that a nutritional benefit would be observed. In
addition, it was recently demonstrated that Fe bioforti-
fied PM improved Fe status in Indian school children,
and the authors concluded that dietary supplementation
with Fe biofortified PM for six months significantly re-
solved Fe deficiency [36]. Hence, the objectives of the
current study were to assess the capacity of a Fe-
biofortified PM line to provide bioavailable Fe for Hb
synthesis, as well as to establish a polyphenolic profile of
the PM variety.

The in vitro results showing increased ferritin concen-
trations in Caco-2 cells exemplify that the High-Fe (bio-
fortified) PM does in fact provide additional, absorbable
Fe. However, the assay also suggests that the bioavail-
ability is relatively low compared to other foods, as the
ferritin values are only slightly higher than the “baseline”
conditions. As was previously demonstrated, such low
values are typical of an inhibitory effect by polyphenols
[19,20,22,27]. Although hepatic ferritin and Fe concen-
trations were not significantly different between groups,
increases in Hb (on days 35 through 42 in the High-Fe)
and total body Hb-Fe (higher as from day 14 in the
High-Fe) indicate birds receiving the High-Fe diet had
moderately higher Fe available for Hb synthesis. Further,
% HME was significantly elevated at all time points in
the Low-Fe indicating an adaptive response (e.g., a rela-
tive up-regulation of absorption) to less absorbable diet-
ary Fe. In addition, significant differences in duodenal
mRNA abundance of DMT-1, DcytB and ferroportin
were obtained between groups, with a higher relative
mRNA expression of all three genes in the Low-Fe
group. Similar to previous observations [19,20,24,25],
these results suggest, again, a compensatory, or adapta-
tive, mechanism in the Low-Fe group due to a relative
deficiency of absorbable Fe in the diet. In totality, how-
ever, these results suggest that the High-Fe PM diet pro-
vided more absorbable Fe to the birds, and thus yielded
an improved Fe status throughout the duration of the
study.

The interference of Fe uptake, relative to control diets
high in bioavailable Fe, reflected in the Caco-2 cell re-
sults (Table 3) is indicative of the strong inhibitory effect
that so-called anti-nutrients (e.g., polyphenolic com-
pounds) have on Fe bioavailability [37]. Although, for ex-
ample, differences in ferritin concentration in Caco-2
cells exposed to the High-Fe PM diet versus the Low-Fe
PM diet were obtained, however, this relatively higher
amount of ferritin (in the High-Fe PM) is not propor-
tional to the significantly increased Fe content in the
biofortified High-Fe PM. Although the High-Fe PM con-
tained a greater Fe concentration than did the Low-Fe
PM, concentration of polyphenolic compounds, known
inhibitors of Fe bioavailability [38], also increased. There-
fore, as part of the breeding process, it is incumbent upon

researchers to assess the polyphenolic profile of the biofor-
tified crop in question, since these chemicals have signifi-
cant effects on Fe absorption and bioavailability in a
variety of cell culture, animal, and human models [37-39].

From our LC/MS analysis, we determined a m/z ratio
of 431.09 corresponding to 15 unique parent poly-
phenolic aglycones, significantly elevated in the High-Fe
PM compared to the Low-Fe PM. The plant metabolites
identified belong to chemical families including flavones,
flavonols, isoflavones, and anthocyanins, many of which
have been shown to inhibit Fe absorption [28-34],
[Table 2] either by direct mineral chelation and Fe efflux
or, in the case of the phytoestrogen isoflavones, by
modulating membrane Fe receptor expression and thus
affecting Fe homeostasis [33]. For example, [31] elucidated
antioxidant effects of baicalein through Fe-binding in a
physiologically-relevant in vitro model. It was determined
that baicalein bound Fe** more strongly than ferrozine,
a well-known Fe** chelator. Our results are consistent
with others [40-42] who have found a variety of phen-
olic and polyphenolic compounds, namely kaempferol,
luteolin, and apigenin, in different varieties of millet
(mainly E. coracana, a utricles millet). For a detailed re-
view of relevant phenolic compounds found in millet,
please see [43] and [44].

Indeed the purpose of the current study was to assess
Fe bioavailability in biofortified PM, however, future re-
search is certainly needed to elucidate what, if any, af-
fects these other compounds mentioned in Table 2 have
on mineral absorption and bioavailability. In light of the
significant biological effects these polyphenols have in
modulating many aspects of health and chronic disease
[45], a goal of future research should be to identify and
modulate concentration of specific families, and perhaps
individual compounds, which display Fe inhibitory prop-
erties. Using this tailored, individualistic approach, the
health-promoting properties of these compounds may
remain largely intact in PM and other crops, while the
effects of Fe inhibition suppressed. In India alone, about
50 million people rely upon PM as a major source of
their dietary energy. Its tolerance to drought, heat and
soil salinity and its high water use efficiency makes it a
climate-smart crop. In addition, given its high protein
and mineral content (especially Fe), and high dietary fiber,
the area under PM cultivation is expected to increase, in-
cluding its adoption in non-traditional growing environ-
ments [2,8-13]. Hence, we suggest continued research
using the in vitro/ Caco-2 cell and Gallus gallus models as
guiding tools to further investigate these effects.

Conclusion

This study provides evidence that increasing Fe concentra-
tion in biofortified PM by nearly 60 pg/g provides modest,
yet noticeable, increases in bioavailable Fe in vitro and
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improved Fe status in vivo. Concurrent increases in poly-
phenolic compounds, inhibitors of Fe utilization, in the
biofortified PM suggest that these compounds must be
considered when using high- Fe PM lines to improve the
Fe status of at-risk populations. Future feeding trials must
continue to characterize the polyphenolic and phytate pro-
files of PM, and evaluate the effects such compounds have
on Fe absorption and bioavailability. Modification of the
PM polyphenol profile may be a means to improve Fe bio-
availability in PM. We conclude that PM is a promising
vehicle for increasing intakes of bioavailable Fe.
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Foods advertised in US weekly supermarket sales
circulars over one year: a content analysis
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Abstract

as influencing their grocery shopping decisions.

and fall (P=0.05).

Background: The nutritional content of Americans’ shopping carts is suboptimal despite federal dietary guidance,
in this case, the MyPlate consumer icon which displays desired proportions of vegetables, fruits, dairy, grains and
protein foods for consumption. Consumers mention print advertising—such as weekly sales circulars—frequently

Methods: To examine and describe the relative proportions of advertised foods aggregated into the MyPlate food
grouping system, a content analysis of 9 209 foods advertised in 52 weekly supermarket newspaper sales inserts in
2009 from a local grocery chain was conducted in a Midwestern community.

Results: Overall, the protein foods group was most often represented in sales circulars (25% of total items),
followed by grains (18%); dairy (10%); vegetables (8%) and fruits (7%). Less than 3% of sales advertisements were
for dark green and red & orange vegetables. Over twice as much whole fruit versus 100% fruit juice was advertised
(70% vs. 30%, respectively; P < 0.001). Significantly fewer protein foods and more grains than expected were
advertised in the fall, and slightly more dark green vegetables were advertised in winter and spring than in summer

Conclusions: The average American diet, including underconsumption of fruits and vegetables but
overconsumption of protein foods, was reflected in the relative frequency of food groups advertised in weekly sales
circulars. Modifying sales circulars to represent healthier food groups may preserve retail profits (considering these
groups’ higher profit margin) while promoting adherence to federal dietary guidance.

Keywords: Dietary guidelines, Advertising, Supermarkets, Grocery stores, Promotion

Background

Americans reported spending an average of ~ $400.00
USD each month at supermarkets in 2012, and spending
has increased slightly since 2006 [1]. While some of the
monthly expenditure can be explained by consumer
demand for specific food items (e.g., organic products),
more can be explained by supermarket strategies to pro-
mote specific products that maximize store profitability
[2,3]. One very effective way supermarkets promote spe-
cific products is through weekly sales circulars, both in
print and online.

* Correspondence: lisajahns@ars.usda.gov

'United States Department of Agriculture, Agricultural Research Service,
Grand Forks Human Nutrition Research Center, Grand Forks, ND 58203, USA
Full list of author information is available at the end of the article

Weekly sales circulars provide information to con-
sumers about not only price discounts, but also what
foods to consider purchasing. Price discount information
is important considering economic downturns and rising
food prices [1,4-8]. Indeed, 88% of consumers say that
price is somewhat or very important when buying food
[9]. Information regarding what foods to purchase is im-
portant considering consumers have to contend with
multiple possible grocery stores in which to shop and an
average of 39 000 items from which to choose within
each store [10]. Weekly grocery store sales circulars help
facilitate food purchasing decisions [11].

Over 70% percent of US adults read newspaper circu-
lars [11,12]. Half of shoppers report using technology
when grocery shopping and 23% of these shoppers report
that they check prices at multiple stores before shopping
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[1]. Circulars have been shown to increase targeted versus
untargeted item purchasing by 100% [13]. In fact, super-
market sales circulars are so effective in stimulating
demand [13-16] that it is difficult to find a supermarket
that does not use them.

Considering weekly sales circulars’ effectiveness on
influencing consumer purchases, it is not surprising that
seasonal changes in promotion would affect consumer
purchase types and amounts. For example, there is evi-
dence that food pricing and advertising vary seasonally
[17], as do purchases of vegetables and fruits [18]. Fur-
thermore, seasonality may be associated with food intake
[19-21], suggesting that advertising different foods more
heavily at certain times of the year, such as vegetables
and fruits in the summer or meats over holidays, may
influence demand. Despite being an important new area
of research given the influence of advertising on pur-
chasing and its potential to positively impact dietary
habits, the healthfulness of food items advertised in sales
circulars is understudied. To our knowledge, there have
been only two short-term studies published to date
[22,23] that have described the contents of weekly gro-
cery store sales circulars. Examination of supermarket
sales circular content is critical to diet quality research
to help understand commercial promotion of food types,
which—inadvertently or advertently—are used as con-
sumption recommendations [24]. Given that American’s
food purchases [25] and dietary intake [26] fall short of
the Dietary Guidelines for Americans (DGA) [27] rec-
ommendations, and that supermarket sales circulars are
widely used by consumers to guide their purchases, cir-
culars have the potential to have a positive influence on
an individual’s diet quality [24].

Accordingly, the goal of this study was to examine the
content of a year’s worth of sales circulars to determine
whether food groups advertised in sales circulars varied
from recommended food group intake guidance overall
and by season. We hypothesized that circulars would
reflect seasonal changes and advertise more vegetables
and fruits in summer and fall compared to the winter
and spring seasons.

Methods

Fifty-two weekly supermarket sales circulars dating from
January 1 to December 31, 2009 were collected from a
local Midwestern supermarket chain. The chain consists
of eight stores located in a city of 69 000 predominantly
Non-Hispanic white individuals (86.7%) [28], and is con-
sidered small compared to other chain supermarkets
[29]. As all stores belonged to the same chain, there was
no variation in the circulars by individual store. Each
food item in the weekly circulars was dual-coded by
trained research personnel to assure data entry accuracy;
all discrepancies were resolved by a supervisory research

dietitian. A total of 9 209 food items were coded. The
coding scheme for the advertised items was as follows:
all items advertised in the circulars were classified as
food or nonfood items. Food items were further classified
into food groups and subgroups of food groups. Guide-
lines for classifying were based upon the following: The
initial groupings were based on the Food Group Descrip-
tion File from the USDA National Nutrient Database for
Standard Reference, Release 22 [30] and subgroups from
USDA Handbook 8 (AHS8) [31] with minor modifica-
tions to include products not originally designated in
AHS8. Food items were then grouped by major food
groups (vegetables, fruits, grains, protein foods, and dairy)
and subgroups of MyPlate, the consumer icon implement-
ing the DGA [32] (n=6 366; 69%) using the MyPyramid
Equivalents Database [33]. The DGA makes recommenda-
tions to limit or reduce intake of the food components
termed empty calories (solid fats and added sugars), there-
fore this group was also included. The solid fats group
contains fats that are solid at room temperature, such as
margarine spreads and added sugars refers to sugar that is
not naturally-occurring and is added to foods during pro-
cessing. The added sugars group in this study includes
foods that are comprised predominantly of added sugar,
such as sugar-sweetened beverages and hard candy
[32]. Advertised items that did not have enough detail
to determine the food group were categorized as “other”
(n =2 843). The “other” group included mixed dishes that
could not be categorized into food groups. Wherever
possible, the major food groups were disaggregated into
subgroups. For instance, the fruit group was divided into
whole fruit and 100% fruit juice, and dairy, protein, and
vegetable groups were broken into individual components.
It was not possible to identify whole versus non-whole
grain products from the advertisements, however, we sub-
jectively categorized grain products as “with” or “without”
added sugars. For instance, cakes, cookies, and sweet rolls
were categorized as “with added sugar” while bread, pasta,
and crackers were classified “without added sugar”. Sea-
sons were categorized using the meteorological definition
as follows: winter (December, January, February), spring
(March, April, May), summer (June, July, August), and fall
(September, October, November).

To determine whether observed frequencies of the five
recommended food groups in the advertisements (n=6
366) varied significantly from what was expected across
seasons, a contingency table analysis was conducted using
PASW Statistics 18, Release Version 18.0 [34]. Significant
discrepancies between observed versus expected frequen-
cies were determined by computing adjusted chi-square
residuals for each contingency table cell. As adjusted chi-
square residuals are normally distributed, any residual
value greater than or equal to £1.96 is interpreted as a
significant departure from what was expected [35].
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A generalized linear model was used to test for sea-
sonal differences in the relative proportions of advertised
items for each food group and subgroup using Proc
GENMOD in SAS Version 9.2 [36]. If the overall model
was significant, Tukey’s contrasts were used to do pair-
wise comparisons between all seasons.

Results

The proportions of all food and subgroups advertised
over the year are presented in Figures 1 and 2. Over the
year, the groups frequently advertised of the recom-
mended food groups was the protein foods group, which
comprised one-fourth of all items described. Grains were
the next most often advertised group (18%), followed by
dairy (10%), vegetables (8%), and fruits (7%). Sixteen per-
cent of foods were categorized as empty calories while
another 14% were not able to be categorized. Meat,
poultry and cheese were the most often advertised items
in the protein and dairy groups, respectively.

Sixty-nine percent of all food items were categorized
into the five major food groups. The frequency of items
advertised approached significance as a function of
season (overall chi-square test of independence, )(2 (12,
N=6, 316) =20.1, P=0.066). The adjusted chi-square
residuals are plotted in Figure 3. Advertised frequencies of
grains were significantly higher in fall (z=2.97, P=0.003)
and lower than expected in the spring (z = 1.95, P = 0.051).
The frequency of protein foods advertised was lower
than expected in fall (z=2.62, P<0.009). There were

Water Oils

Protein Foods
25%

Empty Calories
16%

Figure 1 Proportions of food groups advertised in 52 weekly
US supermarket sales circulars in 2009.

Nutrition and Dietetics

no significant differences in the observed frequencies
in the vegetable, fruit, or dairy groups by season.

Next, we examined differences in groups and sub-
groups by season using generalized linear regression
(Table 1). Items in the grain group were advertised signifi-
cantly more often in fall compared to spring or summer
(P<0.001) and grains without added sugar was lowest in
the spring months (P <0.001). There were no seasonal
differences in frequency of advertisments of grains with
added sugar. Overall, there were no significant differences
in the dairy group (P = 0.35), but fluid milk advertisements
varied seasonally (P=0.02). Advertised dark green
vegetables also varied by season (P =0.05); as did sea-
food, which was more heavily advertised in the winter
months (P <0.001).

Discussion
In this study we described the seasonal content of one
year’s worth of Sunday supermarket circulars. There was
little variation between the frequencies of food groups
advertised by season. In particular, advertisements for
the major fruit and vegetable groups did not vary signifi-
cantly during the summer or fall seasons, as one would
expect, since one might assume that they are more easily
available to supermarkets during the harvest months of
the year. Only the promotion of dark green vegetables
varied by season, with the highest numbers in spring
compared to summer, although the absolute number of
items advertised was neligible. However, advertisements
for grains were greater in the fall and lower in spring
whilst the frequency of protein foods was lower in the
fall season than expected. The increased advertising of
grain products in the fall was not due to changes in the
grains with added sugar category, as might be antici-
pated with the demand for holiday baked goods, such as
cookies and other sweetened desserts, but due to
changes in the grains without added sugar category.
Overall, the frequency of advertisements for most food
groups by this supermarket chain did not reflect current
recommendations. Although nearly 50% of the recom-
mended foods by the DGA are fruits and vegetables, we
found that only a small proportion of advertisements
were for items from those two food groups (15%). En-
couragingly, one-fifth of items advertised were grain
products. Although we were unable to distinguish whole
grain items from refined items, we roughly categorized
grains with added sugar and grains without added sugar,
and found that over half of all grain products advertised
were in the without added sugar category. As many food
manufacturers are reformulating their grain products to
contain more whole grains, the relatively high frequency
of advertisements for grain products without added sugar
has the potential to increase whole grain purchases and
consumption [37].
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Without
Added
Sugar
58%
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Figure 2 Proportions of food subgroups advertised in 52 weekly US supermarket sales circulars in 2009.

Grains

Empty Calories

Fruits

J

Our findings are similar to those of Martin-Biggers
et al. [22], who to our knowledge were the first investi-
gators to compare the content of supermarket flyers to
dietary recommendations and obesity prevalence in a
national sample of sales circulars. Their approach com-
pared the physical space devoted to the major food
groups recommended by the DGA on the front page of
single weekly supermarket sales circulars nationwide to

the space allocated on the MyPlate icon. Despite the fact
that their approach differed significantly from ours and
they did not examine advertisements over time, they also
found that while protein foods were over-represented,
dairy, fruits, and vegetables were underrepresented; only
the grains group was represented in approximately the
same proportions as those shown in the MyPlate icon. It
is of interest that the same pattern was found both when

m fall

Hspring Esummer M winter

*

-3

Dairy Fruits

was expected in each season and marked with an *.

Grains

Figure 3 Expected compared to observed frequency of food groups advertised seasonally. Footnotes: Adjusted chi-square residuals were
computed for each contingency table cell. Any residual value greater than or equal to +1.96 is interpreted as a significant departure from what

Protein foods Vegetables
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Table 1 Differences in the proportions of food groups advertised in weekly supermarket sales circulars by season’

Season

Winter Spring Summer Fall
MyPlate major food groups n=2 006 n=2622 n=2154 n=2427 p-value
and subgroups n % n % n % n %
Grains 388 19.3% 427 163° 360 16.7°° 481 19.8° < 0.001
Without added sugar 224 11.% 233 89° 205 9.5% 298 122° <0.001
With added sugar 164 82 194 74 155 7.2 183 7.5 0.67
Vegetables 156 78 227 8.7 171 79 214 88 0.50
Other vegetables 65 32 114 44 85 40 85 35 0.20
Red & orange 40 20 47 18 48 2.2 63 26 0.25
Potatoes 34 1.7 40 15 29 14 54 2.2 0.12
Dark green 17 09 26 1.0 9 04 12 05 0.05
Fruits 144 7.2 177 6.8 150 7.0 160 6.6 0.88
Fruit 94 4.7 126 4.8 115 53 107 44 0.53
100% fruit juice 50 2.5 51 20 35 1.6 53 2.2 023
QOils 9 0.5 13 0.5 7 03 21 09 0.08
Dairy 218 109 257 9.8 242 1.2 245 10.1 035
Cheese 125 6.2 143 55 134 6.2 125 52 029
Milk-based desserts 44 22 76 29 72 33 62 26 0.13
Fluid milk 31 1.6 21 0.8 16 0.7 34 14 0.02
Yogurt 18 09 17 0.7 20 09 24 1.0 0.55
Protein Foods 525 26.2 657 25.1 557 259 560 23.1 0.66
Meat & poultry 391 19.5% 513 196% 457 21.2° 433 17.8° 004
Seafood 97 48 85 32° 50 23° 70 29° < 0.001
Nuts and seeds 20 1.0 30 1.1 23 1.1 36 15 045
Beans & peas 10 0.5 18 0.7 16 0.7 13 0.5 0.69
Eqgs 7 04 1 04 1 05 8 03 078
Water 21 1.0 30 1.1 20 09 23 1.0 087
Empty calories 300 15.0 408 156 376 175 388 16.0 0.15
Added sugars 182 9.1 253 9.7 242 1.2 252 104 0.10
Solid fats 118 59 155 59 134 6.2 136 56 0.85
Other? 245 12.2° 426 16.3° 271 126 335 138% < 0.001

'Values with the same superscript letters are not significantly different from each other.
2Includes combination foods; not enough detail available to separate out into groups.

examining either the front page only or the entire circu-
lar, and either in a national sample at a single time point
or in a regional sample over a year. Ethan et al. reported
the nutrition content of items on the first page of online
sales circulars in the Bronx area [23]. They found that,
at least on the front page, approximately 16% of adver-
tisements were for vegetables or fruits, including 100%
juice, compared to our findings of 15% and also reported
that grain products accounted for 15% of ads compared
to our results of 18%. Again, using different methods
and time periods, results are consistent, indicating that
perhaps overall, the front page of circulars is representa-
tive of the content of the full advertisement. Regardless

of the methodology, this important initial research con-
sistently points to a lack of concordance between dietary
guidance and food items advertised in sales circulars.
Compared to recommendations, purchases for fruits
and vegetables are suboptimal while products high in
solid fats and added sugars are excessive [25]. While
there is little research linking food purchases to food
consumption [38], a growing body of literature suggests
that price reductions or provision of coupons and food
vouchers can improve both purchases and dietary intake
of healthy food [39]. Online coupons are becoming popu-
lar with retailers; however, current research indicates that
online coupons are overwhelmingly for processed snack
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foods, not for healthier foods [40]. Many intervention
efforts to promote the consumption of nutrient dense
foods, especially fruits and vegetables, have turned to retail
outlets. Economic incentives are often coupled with be-
havioral change strategies such as price manipulation, tar-
geted coupons, in-store education, printed promotional
materials, changes in product placement, and newspaper
messages [41]. Other novel approaches include influen-
cing purchasing by manipulating social meaning during
shopping [42] and providing direct guidance for fruit and
vegetable recommendations built into shopping carts [43].
Yet, to our knowledge, none have partnered with stores
to target weekly circulars as a method of promoting
price discounts of healthy, nutrient dense, foods. Rela-
tively minor and inexpensive changes in content and
placement of advertised items in circulars hold great
potential to influence purchasing behavior and dietary
intake to more closely align with recommendations.

The sales circulars were from a local grocery chain in
the Midwest and may not reflect advertised products in
other parts of the country. Other locations may also
have a more pronounced seasonal variation in items ad-
vertised, especially vegetables and fruits, however, as our
results were not dissimilar to other studies [22,23], they
may be relevant to other parts of the country. Although
coders worked in teams, coding was subjective and not
all advertisements could be accurately classified, such as
promotions where a variety of food items by one company
were advertised together. We could not discriminate re-
fined grains from whole grains as generally advertisements
for ready-to-eat cereals and breads contained a variety of
both whole- and non-whole grains. Because we counted
each advertised item as it was displayed, we did not
account for “buy one get one free” multiples. Although we
did not distinguish between high- and low-fat meats or
fried vs fresh fish, food items were categorized by sub-
categories of the major MyPlate food groups. Federal
guidance recommends decreasing intake of solid fats and
added sugars, but this is not reflected in the MyPlate icon.
Strengths of the study include the use of foods in the
entire circular, the use of a full years” worth of advertise-
ments, and the comparison to federal dietary guidance.
This novel approach adds to the sparse literature on
grocery store sales circulars.

Stores use sales circulars to increase purchases by
existing customers and to attract customers away from
their usual grocery store by offering price discounts.
However, if the sales circulars are not only interpreted as
communicating purchasing deals but also function as
intake guidance, then the relationship between sales
circulars, purchasing behavior, and food consumption
patterns needs to be investigated further.

Using a calendar year of supermarket sales circulars to
ascertain information on the types of foods advertised

helps us to understand consumer choices and can inform
policy changes to promote healthier diets. Consumers in-
dicate that weekly sales circulars are main factors in food
purchasing decisions; thus, modification of the items ad-
vertised has the potential to significantly support people’s
efforts to eat healthier.

Reconfiguring sales circulars to promote healthier
items may result in at least four possible outcomes: 1.
No effect (i.e., new circulars are ignored); 2. A decrease
in total sales and sales of healthier foods (i.e., consumer
reactance to new circulars); 3. A decrease in total sales,
but increase in healthier food sales (i.e., switching from
less healthy food to more healthy food because of new cir-
culars); 4. An increase in total sales and sales of healthier
foods (i.e., keeping current purchasing patterns plus new
healthy circular foods). Given what is known about price
discounts and in-store marketing [24,43], we would expect
outcomes #3 or #4. Currently, however, there is no empir-
ical evidence examining the impact of systematic circular
changes on purchases of healthier foods. Consequently, we
expect this to be a fruitful area of future research regarding
attempts to encourage healthier purchases. Increased focus
on promoting fruits and vegetables in sales circulars may
result in increased retail profits, through promotion of
sales and simultaneous reduction in waste due to spoilage
[44,45] —a beneficial effect for the stores that would likely
keep these foods consistently in weekly circulars.

Conclusions

The results of this study demonstrated that the food items
advertised in weekly grocery circulars in this particular
geographic location did not correspond to the current
DGA recommendations. Nevertheless, health interventions
via supermarket advertising are largely underexplored to
date. If changes in advertisements were partnered with
interventions sensitive to the needs of retail stakeholders,
the goal to increase the proportion of Americans meeting
national dietary guidance, thereby decreasing the risk of
chronic disease, could be paralleled by increased profits for
the participating retailers.
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Effect of calcium supplementation on bone
resorption in pregnancy and the early postpartum:
a randomized controlled trial in Mexican Women
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Abstract

Background: Calcium needs are physiologically upregulated during pregnancy and lactation to meet demands of
the developing fetus and breastfeeding infant. Maternal calcium homeostasis is maintained by hormonal adaptive
mechanisms, thus, the role of dietary calcium supplementation in altering maternal responses to fetal-infant
demand for calcium is thought to be limited. However, increased calcium absorption is directly related to
maternal calcium intake and dietary supplementation has been suggested to prevent transient bone loss
associated with childbearing.

Methods: In a double-blind, randomized placebo-controlled trial, we randomly assigned 670 women in their
first trimester of pregnancy to 1,200 mg/day calcium (N=334) or placebo (N =336). Subjects were followed
through 1-month postpartum and the effect on urinary cross-linked N-telopeptides (NTx) of type | collagen,
a specific marker of bone resorption, was evaluated using an intent-to-treat analysis. Women with a baseline
and at least one follow-up measurement (N =563; 84%) were included. Subsequent analyses were conducted
stratifying subjects by compliance assessed using pill counts. In random subsets of participants, bone-specific
alkaline phosphatase (BAP) (N=100) and quantitative ultrasound (QUS) (N =290) were also measured.

Results: Calcium was associated with an overall reduction of 15.8% in urinary NTx relative to placebo (p < 0.001).
Among those who consumed >50%, >67%, and >75% of pills, respectively, the effect was associated with 17.3%,
21.3%, and 22.1% reductions in bone resorption (all p < 0.001). There was no significant effect of calcium on
bone formation measured by BAP. However, by 1-month postpartum, those in the calcium group had significantly
lower NTx/BAP ratios than those in the placebo group (p =0.04) indicating a net reduction in bone loss in the
supplement group by the end of follow-up. Among subjects who consumed >50% and >75% of pills, respectively,
calcium was also associated with an increase of 26.3 m/s (p=0.03) and 59.0 m/s (p = 0.009) in radial SOS relative to
placebo by 1-month postpartum.

Conclusions: Calcium administered during pregnancy and the early postpartum period, to women with intakes
around adequacy, was associated with reduced bone resorption and, thus, may constitute a practical intervention to
prevent transient skeletal loss associated with childbearing.

Trial registration: ClinicalTrials.gov Identifier NCT00558623

Keywords: Bone-specific alkaline phosphatase, Calcium, Clinical trials, Lactation, Pregnancy, Quantitative ultrasound
bone speed of sound, Urinary N-telopeptide of type | collagen
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Background

Calcium needs are physiologically-upregulated during preg-
nancy and lactation to meet the demands of the developing
fetus and breastfeeding infant for skeletal mineralization
and growth [1,2]. Maternal calcium homeostasis is main-
tained by hormonal adaptive mechanisms that control
intestinal calcium absorption, renal calcium excretion,
and mobilization of skeletal mineral stores [3,4]. The role
of dietary calcium supplementation in altering maternal
responses to fetal-infant demand for calcium is thought to
be limited; however, increased calcium absorption is dir-
ectly related to maternal calcium intake [5,6].

Pregnancy- and lactation-associated bone loss has also
been demonstrated through decreases in bone mineral
density (BMD). An estimated five percent or more of total
maternal bone mass may be mobilized [7,8], although, this
bone loss is reversible with levels rebounding to pre-
pregnancy levels after cessation of lactation [9]. There is
clear histological and biochemical evidence that the ma-
ternal skeleton undergoes increased bone resorption dur-
ing pregnancy [10,11].

Biochemical markers of bone resorption (osteoclast ac-
tivity) and bone formation (osteoblast activity) have been
found change drastically during pregnancy suggesting a
physiological state of high bone turnover [12]. These
markers of bone turnover may identify changes in bone
remodeling and microarchitecture within a relatively short
time interval (several days to months) before changes in
BMD can be detected [13] and, thus, may provide insights
into mechanisms of bone loss [14]. The long-term effects
of these transient changes in maternal bone on child bone
health are not fully understood [15], but new data indicate
that maternal dietary deficiency during pregnancy may be
associated with lower peak bone mass in offspring [16,17].

It is recommended that U.S. pregnant and breastfeed-
ing women over the age of 18 years consume at least
1,000 mg calcium per day [18], but these recommenda-
tions are based largely on studies in non-pregnant adults
[2]. High dietary calcium intake has been shown to de-
crease bone mobilization during pregnancy [19,20] sug-
gesting that dietary calcium supplementation may be an
effective means to prevent maternal bone loss. A number
of studies have demonstrated an association with calcium
supplementation and changes in bone turnover in non-
pregnant adults [21], but data on the effects among preg-
nant women are scarce and there have been relatively few
controlled supplementation trials that have studied the
relationships directly [22]. The previously published trials
of calcium supplementation and bone turnover in preg-
nant women [23-25] have been limited by their sample
sizes and varying study designs making inferences from
their results difficult. In addition, the trials in Gambia
and China studied populations with low habitual diet-
ary calcium intakes which limit their generalizability
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to populations with intakes approaching adequacy (such
as the general U.S. population).

The objective of the present study was to evaluate the ef-
fect of dietary calcium supplementation on bone turnover
during pregnancy and the early postpartum period using a
double-blind, randomized placebo-controlled trial design.
The hypothesis was that a daily supplement of 1,200 mg
calcium carbonate would decrease bone resorption over
the course of pregnancy among a relatively large sample
of women with near adequate dietary calcium intakes.

Methods

Study population and design

First trimester pregnant women were enrolled from
January 1, 2001 to April 26, 2004 at Mexican Social
Security Institute prenatal clinics which serve a low-to-
moderate income population in Mexico City. In brief,
a total of 3,836 women were assessed for eligibility, of
whom 1,981 did not meet study eligibility criteria (preg-
nancy of no more than 14 weeks gestation; not a high-risk
pregnancy; plans to reside in Mexico City for study period;
and no other reasons for exclusion) or were not able to
be reached for contact (N =2). When pregnant women
were screened for initial recruitment, they were excluded
if they exhibited any of the following conditions: any fac-
tor that could interfere with maternal calcium metabol-
ism, intention not to breastfeed, preeclampsia, kidney or
cardiac diseases, gestational diabetes, history of urinary
infections, family or personal history of kidney stone for-
mation, seizure disorder requiring daily medications, or
ingestion of corticosteroids. Of the remaining 1,853 eli-
gible women, 670 (36%) agreed to participate, signed in-
formed consent, and were randomly assigned to receive a
daily supplement of 1,200 mg calcium carbonate (two-600
mg tablets (Lederle, Inc.); N =334) or placebo (N =336)
(Figure 1). Neither participants nor study personnel were
aware of treatment group assignments and placebo tablets
were formulated to be indistinguishable from the active
treatment tablets.

Calcium carbonate is ~40% elemental calcium by weight
[26]; therefore, for 1,200 mg calcium carbonate, the elem-
ental calcium equivalent is: 480 mg. All treatment and
control subjects were provided with a daily supplement
of 30 mg iron (Fe) sulfate from study entry through
12 months postpartum since prenatal vitamins were not
included in the standard of care. Women were instructed
to consume Fe supplements at the mid-day “comida”
(main meal) to decrease side effects that may accompany
Fe ingestion [27]. Supplement levels were selected to meet
two criteria: ensured adequacy and safety of total dietary
intake. Doses consistent with the AI for calcium [28] and
the Recommended Dietary Allowance (RDA) for Fe [29]
to ensure normal physiologic requirements for pregnancy
and lactation [30] would be met among women in the
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Figure 1 Study sample profile.
A

lower quartile of intake in our study population. Calcium
was suggested to be consumed at bedtime, rather than in
the morning, due to recent evidence (at the time of study
planning) of potentially greater effects on bone turnover
which was shown to be greater during the night than day-
time hours [31]. Given potential problems with compliance,
a split-dose regimen is not usually suggested for long-term
supplementation trials as simplified drug-dosing regimens
have been shown to improve adherence to therapy [32].
Participants were assessed at four time points: baseline
(Ist trimester) prior to initiation of treatment, and after
having consumed calcium or placebo at 6 (2nd trimester)
and 8 (3rd trimester) months of gestation and 1-month
postpartum. Immediately following the baseline assess-
ment, women were instructed to consume tablets daily at
bedtime and compliance was assessed by pill count at each
follow-up visit. Women who had a baseline and at least
one follow-up measurement (calcium, N =288; placebo,
N =275) were defined as having completed follow-up and
included in this analysis (N =563; 84%). The reasons

for loss-to-follow up and the final numbers of women
included at each stage of the analysis are detailed in
Figure 1.

The research protocol was approved by the Human
Subjects Committees of the Mexican National Institute
of Public Health, the Mexican Social Security Institute,
and participating institutions and has complied with all
federal guidelines governing the use of human subjects.
All participants received a detailed explanation of the
study intent and procedures prior to signing the informed
consent.

Markers of bone turnover

Urinary excretion of cross-linked N-telopeptides (NTx)
of type I collagen was measured in urine from second-
morning void collected by participants prior to each
visit. NTx is a specific marker of osteoclast activity (bone
resorption) that has been shown to be stable and resistant
to degradation in stored samples [33]. Samples were ana-
lyzed with a commercially available competitive-inhibition
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enzyme-linked immunosorbent assay (Osteomark; Ostex
International, Seattle, Washington). NTx concentrations
were controlled for urine dilution using creatinine con-
centration and expressed as nanomoles of bone collagen
equivalents (BCE) per millimole of creatinine (nM BCE/
mM creatinine). The intra-assay CV was 8.9% (at 406 nM
BCE) and 8.7% (at 1563 nM BCE); the inter-assay CV was
8.6% (at 427 nM BCE) and 5.6% (at 1513 nM BCE).

Bone-specific alkaline phosphatase (BAP) was measured
in plasma stored at —70°C from a subset of participants
(N =100) using the Ostase® BAP immunoenzymetric assay
(Immunodiagnostic Systems Inc., Fountain Hills, AZ).
BAP levels reflect the metabolic status of osteoblasts and,
thus, serve as an indicator of bone formation [34,35].

Bone ultrasound measurement

Bone speed of sound (SOS, in meters per second) was
measured at the distal radius using quantitative ultra-
sound (QUS) (Sunlight Omnisense 7000, Zicon Ltd.
Petah-Tikva, Israel) in a random subset of participants
(N =290). Dual-energy x-ray absorptiometry (DXA) is the
gold standard for measuring BMD [36], however, due to
the potential for ionizing radiation exposure to the fetus,
its use during pregnancy is inadvisable and specifically pro-
hibited by Mexican law. QUS allows for an inexpensive,
convenient, and radiation-free method by which to assess
bone quality during pregnancy and several previous epide-
miologic studies have used quantitative ultrasound to as-
sess bone changes over the course of pregnancy [37-39].

Dietary intake

Daily intakes of calcium and total energy were assessed
at each visit using a semi-quantitative food frequency
questionnaire designed to estimate usual dietary intake
over the prior month. The questionnaire was modified
and validated among women living in Mexico City [40]
and included questions specific to pregnancy such as any
additional use of dietary supplements.

Statistical analysis

To assess whether randomization was successful in achiev-
ing comparability, baseline characteristics were com-
pared between the calcium and placebo groups using the
Wilcoxon rank-sum (Mann—Whitney U) two-sample test
of equality. A similar comparison was performed between
those who were included in the analyses and those who
were lost to follow-up in order to assess whether selective
attrition occurred. All tests of statistical significance were
two-sided.

The effect of the calcium supplement on bone resorption
was evaluated using an intent-to-treat strategy. A first ap-
proach was to conduct a comparison of the log-transformed
NTx concentrations between treatment groups at each
follow-up stage, both unadjusted (t-test) and adjusting for
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covariates (linear regression). A second approach was fit-
ting a by mixed-effects regression model with a random
intercept for each subject in order to adjust for imbalances
at baseline and to gain precision in treatment effect esti-
mates by including covariates. Mixed-effects models take
into account the correlation between repeated measures
on subjects over time. In addition, as mixed models are
flexible with respect to incomplete data, all subjects with
at least one follow-up measurement were included to in-
crease the study’s power. The outcome variable was nat-
ural log-transformed NTx in the 2"¢ and 3" trimesters
and 1-month postpartum. Models included the following
baseline variables: treatment assignment (calcium vs. pla-
cebo), age (years), primigravidity (yes/no), NTx (nM BCE/
mM creatinine), daily calcium (g/day) and energy intake
(kcal/day), and time. We fitted a model including time*-
treatment interactions to test for heterogeneity of treatment
effects at different timepoints. To assess if breastfeeding at
1-month postpartum modified the effect of the supplement,
a cross-sectional model with an interaction term between
lactation (0,1 variable that defines whether the woman was
lactating at the time of the 1 month postpartum visit) and
supplement group was also fitted.

A secondary strategy was to estimate the efficacy of the
supplement by performing a dose-response analysis to
further assess the effect of the supplement by estimated
compliance. Compliance was analyzed as the proportion
of the expected number of pills taken by subjects be-
tween consecutive visits and then categorized into three
groups: 250% of pills consumed, >67% of pills consumed,
and >75% of pills consumed.

We also fitted a model with the NTx/BAP ratio as
the outcome variable, in the subset with both mea-
sures available (N =100 subjects, 270 observations), to
observe if the relative levels of bone resorption-to-bone
formation changed over the course of the pregnancy and
to evaluate if this change was different between treatment
groups. All statistical analyses were performed using
STATA for Windows, version 12.0 (StataCorp LP, College
Station, Texas).

Results

A total of 670 eligible women were randomized to receive
calcium supplementation (N =334) or placebo (N =336)
(Figure 1). Baseline characteristics were similar for the cal-
cium and placebo groups with the exception of maternal
age which was one year higher on average in controls
(26.9 years) than in the supplement group (25.9 years; p =
0.02) (Table 1). Approximately 35.4% of women were pri-
migravid and there were no significant differences by
treatment. Dietary calcium intake, also not significantly
different between treatment groups, was about 1,100 milli-
grams per day on average. Geometric mean (and geomet-
ric standard deviation (GSD)) pre-treatment NTx levels
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Treatment assignment

Follow-up status

Calcium Placebo Included® Not included

(N=334) (N =336) (N=563) (N=107)
Variable Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Age (years) 269 (5.6) 259 (53)° 26.5 (5.5) 262 (5.3)
Education (years) 10.8 (2.9) 11.0 3.2) 109 (3.1) 106 (2.9)
Number of pregnancies 2.0 (1.0) 2.1 (1.1) 2.1 (1.0) 2.0 (0.9
Number of children 0.8 (0.8) 0.8 (0.9) 0.8 (0.9) 0.7 (0.7)
Number of months previous breastfeeding (cumulative lifetime) 56 (89) 6.8 (9.0) 64 (9.2) 51(7.2)
BMI (kg/mz) 259 (4.0) 258 (3.7) 259 (39) 259 (3.9)
Energy intake (kcal/day) 1888 (592) 1862 (637) 1860 (613) 1951 (619)
Calcium intake (mg/day) 1108 (492) 1083 (532) 1096 (515) 1091 (497)
Hematocrit (%) 39.1 33) 39.1 3.0) 39.1 32) 39.1 (2.7)
NTx (nM BCE/mM creatinine)® 623 (1.7) 629 (1.7) 629 (1.7) 522 (1.7)

?Defined as having at least one visit completed after baseline and included in final model.
Pp < 0.05 Wilcoxon rank-sum (Mann-Whitney U) two sample test of equality of distributions.

“Geometric mean and GSD; n =291 treated, n = 285 with placebo.

were 62.3 (1.7) and 62.9 (1.7) nM BCE/mM creatinine for
the calcium and placebo groups, respectively (p = 0.73).

A total of 563 women (84%) had at least one follow-up
assessment and were included in the analyses. Compar-
ing those included in the analysis (placebo N =275; cal-
cium N =288) to those who were not included (placebo
N =61; calcium N = 46) revealed no significant differences
by treatment assignment suggesting that those women
who remained in the study were not systematically differ-
ent than those who did not complete follow-up. Overall,
the proportion of lactating women at 1-month postpar-
tum was 89.6% and there were no differences by treatment
group (calcium, 89.9% vs. placebo, 89.3%; p = 0.8).

In the unadjusted intent-to-treat analysis, calcium was
associated with average reductions of 15.1, 16.4, and
20.2% in N'Tx concentrations in the 2" and 3™ trimesters,
and 1 month post-partum respectively (all p <0.001). The
corresponding visit-specific covariate-adjusted reduc-
tion estimates were 13.8, 15.6 and 19.2% (all p <0.001)
(Table 2). The overall covariate-adjusted average reduc-
tion in NTx concentrations relative to placebo was 15.8%
(p <0.001).

Results of the mixed effects regression model with
treatment-by-time interactions showed a significantly
different effect of the calcium supplementation on bone
resorption at each study assessment when compared to
baseline difference between treatment groups. The re-
duction was more evident at 1-month postpartum than
in the 2nd and 3rd trimesters, but these reductions were
significant for each of the three assessments: 2nd trimes-
ter (-13.7% reduction, p = 0.002); 3rd trimester (-15.6%
reduction, p =0.001); and 1-month postpartum: (-18.6%
reduction, p < 0.001) (Figure 2).

Since response to treatment could depend on baseline
dietary calcium intake, we tested a dietary calcium-by-
treatment group interaction. There was no significant
interaction between dietary calcium intake (either as a
continuous variable or as quartiles) and supplement group
at baseline. However, when examining lactation status,
there was no effect of supplement in the non-lactating
women (p = 0.57) compared to a 23% reduction in lactat-
ing women (p < 0.0001), indicating that lactation is an ef-
fect modifier for the effect of calcium supplementation on
bone resorption.

When the effect of calcium supplementation was assessed
for women “as treated” (N =563) using models stratified
by compliance (Table 3), we saw a dose—response effect of
calcium on NTx concentration. Among those women who
consumed >50% of pills, calcium was associated, on aver-
age, with a 17.3% reduction in NTx in comparison to pla-
cebo (p<0.001). This increased to 21.3% (p < 0.001) and
22.1% (p <0.001) for those who consumed >67% of pills
and >75% of pills.

Table 2 Effect of calcium supplementation on NTX
(Log-transformed) (N =563)

Unadjusted Adjusted®
N  %AP p-value N %AP p-value
Study visit
2" trimester 548 151 0001 544 138 0001
3" trimester 517 164  <0.001 513 156 <0.001
T-month postpartum 456 202 <0001 453 192  <0.001
Average 567 168 <0001 563 158 <0.001

?Adjusted for baseline: age, primigravidity, NTx, and dietary calcium and total
energy intakes.
bPercent reduction: 1- e®.
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Figure 2 Effect of calcium supplementation on urinary N-telopeptides of type | collagen [NTx] (nM BCE/mM creatinine) at each trimester
during pregnancy and at 1-month postpartum (Intent-to-Treat Analysis, N = 563); adjusting for baseline variables: NTx, age, primigravidity,
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The subset of women with serum BAP measurements
(N =100) were not significantly different than those who
did not have the measurements available (N =463) ex-
cept for years in school (those with BAP had 0.7 more
years, on average, p=0.04) and hematocrit (those with
BAP 0.7 percentage points higher, on average, p = 0.04).
There was no significant effect of calcium on BAP alone
at any stage (p-values: 0.61, 0.20, 0.32 for 2™ trimester,
3" trimester, and 1-month postpartum, respectively)
(data not shown). Adjusting for age, primigravidity, base-
line dietary calcium and total energy intakes, and baseline
NTx/BAP ratio, the calcium group had lower, though
not statistically significant, NTx/BAP ratio estimates at
the 2nd (-10.1%, p = 0.32) and 3rd trimester (—13.4%, p =
0.20) visits. By 1-month postpartum, those in the calcium

group had statistically significant lower NTx/BAP ratios
than those in the placebo group (-21.5%, p = 0.04) indicat-
ing a greater net reduction in bone loss in the supplement
group by the end of follow-up.

The subset of women with SOS available (N = 290) were
not significantly different than those who did not have the
measurements available except for years in school (those
with SOS had 0.6 more years, p=0.01) and total energy
intake (women with SOS consumed ~190 kcal less, on
average, p < 0.001). While radial SOS decreased over the
course of pregnancy in both groups, declines in the sup-
plement group were relatively attenuated and, by 1-month
postpartum, those in the supplement group had higher,
though not significantly, radial SOS than those in the
placebo group (p=0.13) (data not shown). Calcium was

Table 3 Effect of calcium supplementation® on NTx by treatment compliance®

Average (Overall)

2nd trimester

3rd trimester 1-month postpartum

Compliance N (Obs) %A€ p-value %A€ p-value %A€ p-value %A p-value
ALL 563 (1510) 15.8 <0.001 13.7 0.002 15.6 0.001 18.6 <0.001
<50% 1619 (270) 11.2 0.110 109 0.256 10.7 0.383 126 0.361
250% 5059 (1240) 17.3 <0.001 149 0.003 15.6 0.002 19.2 <0.001
267% 378 (790) 213 <0.001 19.0 0.005 19.2 0.001 230 <0.001
275% 267 (423) 22.1 <0.001 250 0.171 19.0 0.006 219 0.002

?Adjusted for baseline: age, primigravidity, NTx, and dietary calcium and total energy intakes.
PCompliance assessed by pill count at each visit and analyzed as proportion of expected pills used between consecutive visits.

“Percent reduction: 1-e®.

9Numbers of subjects do not add to 563 because subjects may appear in more than one stratum due to time-varying nature of compliance.
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associated with an overall average increase of 9.05 m/s in
radial SOS relative to placebo though this difference was
not significant (p = 0.216). However, among those subjects
who consumed 50% or more of pills (N =251), calcium
was associated with an increase of 26.3 m/s in radial SOS
relative to placebo by 1-month postpartum (p=0.03).
Among those subjects who consumed at least 75% of pills,
calcium supplementation was associated with an increase
of 59.0 m/s in radial SOS relative to placebo by 1-month
postpartum (p = 0.009).

Discussion

In this randomized controlled trial, a 1,200 mg daily cal-
cium carbonate supplement administered during preg-
nancy and the early postpartum period was associated
with reductions in NTx, compared to placebo, both during
pregnancy and at one month postpartum, indicating that
dietary calcium supplementation may help to suppress
maternal bone mobilization. These effects were stronger
with increasing treatment compliance, suggesting a dose—
response effect, with a greater than 22% average overall
reduction observed among the most compliant women.
These results are consistent with a previous randomized
crossover trial in a small group of women which showed
that dietary calcium supplementation reduced NTx levels
by an average of 14% when administered in the third tri-
mester of pregnancy [23]. To place the magnitude and dir-
ection of these changes into context, this is consistent
with a 28% reduction in urinary NTx observed after 1-
month of hormone replacement therapy among women
randomized to receive 0.625 mg conjugated equine estro-
gen (Premarin, Wyeth Ayerst, Philadelphia, PA) [41].

The results of this study are also consistent with the
findings of a study among 36 pregnant Chinese women
with low habitual dietary calcium intake that found cal-
cium supplementation was associated with significant
decreases in markers on bone resorption; although in
contrast to our findings, they also reported increases in
bone formation [25]. Unlike our study, calcium was pro-
vided by supplementing the “usual diet” with 45 g milk
powder (350 mg calcium) or milk powder plus 600 mg
calcium supplement (950 mg calcium). In that study, diet-
ary calcium supplementation during pregnancy was asso-
ciated, in a dose-dependent manner, with greater BMD
measured by DXA at 6 weeks postpartum at the spine and
whole body (p < 0.05), but not at the hip site.

In the present study, calcium was associated with sig-
nificantly higher radial SOS, a marker of bone density,
by 1-month postpartum among the most compliant sub-
jects. While the overall effect, including all subjects re-
gardless of compliance, was not statistically significant, the
direction of the effect is consistent with our hypothesis
and radial SOS measurements were available in only about
half of the subjects, thus, the study was underpowered to

detect an effect of calcium on SOS. In addition, calcium’s
impact on bone density may differ depending on the type
of bone. We measured SOS in the distal radius, a site with
a predominance of cortical bone, and calcium may be act-
ing on bone sites where trabecular bone dominates.

In a study of 125 Gambian women, supplementation
with 1,500 mg/day calcium was associated with lower
BMD measured by DXA in a subset of participants at
the distal and midshaft of the radius, but with increases
in measures of BMD in the lumbar spine and whole body
[24]. Like the Chinese study, the Gambian study also
measured the effect of calcium supplementation among
women with low dietary calcium intake. However, unlike
our study and the one by Liu et al. [25], the Gambian
study did not continue supplementation into the post-
partum period which may be partially responsible for
their findings of rebound demineralization following ces-
sation of lactation [42]. We found that the ratio of bone
resorption-to-bone formation was significantly lower in
the calcium group by 1-month postpartum suggesting that
calcium is effective in reducing net bone loss measured
after pregnancy. The observed effects at 1-month postpar-
tum were being driven by lactating women in our study
which suggests that the need for continuation of calcium
supplementation may extend into the postpartum period.

A limitation of our study is that we used QUS, and
not DXA, to assess bone quality in pregnant women and
this measurement was available in only about half of the
women. QUS has been demonstrated to predict fracture
risk [43] and has been widely used in epidemiologic
studies to measure bone density particularly where DXA
is not available [44] or not advisable, such as during
pregnancy [37-39] due to the potential for radiation ex-
posure to the fetus. QUS has been found to be well-
correlated with DXA at all sites measured over 7 years
of follow-up [45] and provides our study with the advan-
tage that we were able to include repeated measures of
bone density, in addition to biochemical markers of bone
turnover, over the entire course of pregnancy and the early
postpartum period.

Pregnancy and lactation may impact a woman’s peak
bone mass which is an important determinant of subse-
quent osteoporosis risk [46]. In addition, calcium may also
have potential benefits for child bone health [16,17,47].
The possibility that intrauterine programming of fetal
bone growth may be an important determinant of osteo-
porosis and the risk of other chronic diseases in later life
is now being considered [48]. New evidence indicates that
maternal dietary deficiencies during pregnancy may be
associated with lower peak bone mass in offspring later in
life [16,17].

Average baseline dietary calcium intake for women
in our trial was within the current recommended dietary
guidelines of 1,000-1,300 mg/day for pregnant and lactating
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women [18]. It is possible that high amounts of calcium are
needed to counterbalance the nutritional needs of the de-
veloping fetus [49]; thus, previous trials among women with
low habitual dietary calcium intakes may have been unable
to detect an effect. Bone mineralization does not depend
solely on the availability of calcium: protein, energy, and
other nutrients are also important to bone formation and
mineralization. Vitamin D is essential for calcium home-
ostatis and now recognized as an important nutrient for
bone health including modest support for maternal vita-
min D status and increased offspring bone mass among
[50]. However, this study was planned and carried out on
the basis of the 1997 IOM guidelines [28]. Vitamin D was
not specifically recommended with calcium supplementa-
tion as is currently common practice. Nonetheless, other
prior studies of calcium supplementation in adult preg-
nancy [23-25], to which we compare our results, also did
not measure or administer Vitamin D. One small ran-
domized study of pregnant Brazilian adolescents with
habitually low calcium intake [51] found that 600 mg
calcium carbonate plus vitamin D3 (200 IU) resulted
in higher lumbar spine bone mass and a reduced rate of
femoral neck bone loss during lactation which is consistent
with our results. The maternal response to fetal calcium
demand may also be highly individualized and other gen-
etic, hormonal, or lifestyle factors may be involved [52].

Conclusion

In summary, dietary calcium intake likely plays a mod-
est, but important role in suppressing maternal bone
mobilization during pregnancy and the early postpartum.
Calcium supplementation during pregnancy may also
reduce the risk of hypertensive disorders of pregnancy
[53,54], pre-eclampsia [55,56], and lead exposure [57]
which themselves pose risks to the mother and fetus.
The risks posed by calcium supplementation at levels
approximating the upper limit of recommended daily in-
take are relatively minor [2,18] and U.S. guidelines for cal-
cium in pregnancy and lactation are based on studies in
non-pregnant adults [2]. The World Health Organization
now recognizes the importance of calcium supplementa-
tion in pregnancy [58]. Thus, dietary supplementation of
calcium intake among pregnant and lactating women
should be considered particularly in populations where
dietary calcium intake is low.
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Human milk and neurodevelopment in children
with very low birth weight: a systematic review

Winston Koo', Surinder Tank', Sandra Martin? and Runhua Shi®

Abstract

Human milk (HM) contains critical nutrients and possibly other neurotrophic factors that could benefit the less
developed brain of preterm infants, particularly those with very low birth weight (VLBW). This study aims to
systematically review the original studies to determine whether there is a reproducible independent effect of HM
feeding on neurodevelopment outcome in preterm VLBW infants. Search of seven databases (PubMed, Cochrane,
CINAHL, Embase, Proquest Research Library, Google Scholar, and Web of Science) identified 24 original studies. Each
study was evaluated by two authors independently for 8 non-nutritive (study design, target population, a priori
power calculation, adjustment for baseline growth status, postnatal complication, other confounders, observer
blinding to feeding status, effect size) and 5 nutritive (definition and duration of HM intake, use of HM fortifier,
source of HM data, infant formula used) methodology parameters, and consistency and directness of outcome
measures. Thirteen reports of preterm infants with wide ranges of birth weights were excluded as none provided
sufficient data to delineate the effects of HM feeding on developmental outcome of subjects with VLBW. Eleven
reports included only VLBW children and 7 studies were reviewed after elimination of preliminary data from same
cohort or lack of appropriate standardized testing or control group. These 7 studies (n = 18 to 704, median 219)
were performed at <3 years (3 studies) and at 5 to 11 years (4 studies). Six studies were secondary analysis of data
from other studies. Each study met or only partially met 4 to 10 methodological parameters. VLBW children with no
neurological impairment fed HM achieved normal or low normal range of test scores. Formula feeding using older
formulations was associated with a lower subtest score in 4 studies. There is no randomized clinical trial comparing
the neurodevelopment outcome of HM versus formula or minimal HM feeding that included only children with
VLBW. The role of HM in the neurodevelopment and cognitive function of VLBW children needs reassessment with
high quality studies in the context of current formulations of HM fortifier and preterm formula.

Keywords: Preterm, Very low birth weight, Milk, Human, Breast milk, Donor milk, Neurodevelopment or cognitive

function

Introduction

Preterm very low birth weight (VLBW, <1,500 g) infants
are at high risk for growth failure and co-morbidities
that result in delayed neurodevelopment and academic
achievement [1-3]. Early nutrition support is recognized
as critical to growth and development and exclusive
breastfeeding is universally recommended as beneficial
to the health and well-being for all infants [4-6]. How-
ever, human milk (HM) alone does not support optimal
growth for VLBW infants, so multinutrient fortification,

* Correspondence: wkoo@lsuhsc.edu

'Department of Pediatrics, Louisiana State University Health Sciences, 1501
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Full list of author information is available at the end of the article

focusing on protein, minerals, vitamins and other nutri-
ents is recommended [4-6]. Preterm VLBW infants are
born at a period of significant phase of in utero organ
development and are at risk for deficiency of essential
nutrients and trophic factors critical to the growth and
function of the nervous system. The less developed brain
of preterm infants, particularly those with VLBW, theo-
retically could benefit from feeding maternal milk since
it contains critical nutrients such as long chain poly-
unsaturated fatty acids (LCPUFA) and possibly other
neurotrophic factors. This is supported by a review of
earlier studies which indicated that HM has greater neu-
rodevelopment benefits than formula for feeding pre-
term infants [7].
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Significant methodological issues arise in the determin-
ation of the effect of feeding HM on neurodevelopment
outcome. Since it is neither feasible nor ethical to assign
breastfeeding randomly, determining the effect of breast-
feeding is invariably based on observation. This has chal-
lenges particularly in controlling for factors to minimize
the risk of bias [8-10]. One quasi-randomized trial in pre-
term infants of varying birth weights and gestational ages
showed significant neurodevelopment benefit for infants
fed HM [11]. This and other reports [7], did not ad-
equately control for perinatal and postnatal complications,
social and environmental factors that can affect neuro-
development, and had limited data on the role of HM
feeding on neurodevelopment of the group at greatest risk
for neurodevelopment impairment, namely children with
VLBW. The aim of this study is to systematically review
the original studies to determine whether there is a repro-
ducible independent effect of HM feeding on neurodeve-
lopment outcome in preterm VLBW infants.

Methods

Identification of articles

A systematic search of the literature was conducted for
studies published in English that examined the effect on
neurodevelopment and cognitive outcomes from breast
milk feeding to VLBW infants. Literature searches of the
databases Medline (via PubMed) from 1988, Cochrane
Library from 1982, Cumulative Index to Nursing and
Allied Health Literature (CINAHL) from 1992, Embase
from 1988, Proquest Research Library from1990, Google
Scholar from 1994, and Web of Science from 1992 were
performed on several occasions with a final search per-
formed on August 11, 2014.

The PubMed search strategy employed a 5 step process
using medical subject headings (mh) and related subject/
keyword/text word (tw) terms. The first 4 searches were
performed independently followed by the 5th search which
combined the results from first 4 searches within each
database to obtain the articles to be screened for relevance
and subsequent review. The first search include infant, pre-
mature (mh), OR infant, very low birth weight (mh) OR
Very low birth weight (tw) OR extremely low birth weight
(tw) OR preterm infants (tw). The second search include
breast feeding (mh) OR milk, human (mh) OR breast milk
(tw) OR donor milk (tw) OR donor human milk (tw) OR
maternal milk (tw). The third search include child develop-
ment (mh) OR cognition (mh) OR intelligence (mh) OR
neurodevelopment (tw) OR cognitive development (tw)
OR brain development (tw) OR cognitive outcomes (tw)
OR development cognitive (tw). The fourth search include
outcome (all fields) OR effect (all fields). The fifth search
combined the results from first 4 searches. This procedure
was followed for all databases except for some variation in
the search terms specific to a database.

For the purpose of this review, “human milk” was
defined as breast milk from the mother (own mother’s
milk, OMM) or one or more donors (donor milk, DM),
whether it was delivered by gavage or a nipple from the
bottle or breast. “Neurodevelopment outcome” was
defined as the attainment of age-appropriate deve-
lopmental milestones or specific testing of intelligence
or educational achievement. Study outcome limited to
behavior/temperament tests or motor ability alone were
not considered since their value as the sole predictor
of long term neurodevelopment or cognitive function is
not well established.

Titles and available abstracts of all studies compiled
from the final electronic database search were screened
by the investigators to determine eligible studies. Peer
reviewed original studies independently assessed the re-
lationship between HM and neurodevelopment outcome
were identified. Reports of VLBW children studied as
part of a larger cohort of preterm children with greater
range of birth weights were included if the data clearly
delineated to allow assessment of neurodevelopment
effect on VLBW children from HM feeding. Bibliograph-
ies from these articles were also searched for additional
applicable studies. For each cohort with multiple publica-
tions, only the publication with the longest duration of
neurodevelopment follow-up was included in this review.

Evaluation of articles

We evaluated each article following the principles of
systematic review [12] and similar to previous reports
[8-10,13] but with modifications pertinent to the VLBW
situation. To minimize bias of this systematic review, each
study was evaluated independently by two authors (WK
and ST) according to a list generated a priori, and the final
result was a consensus reached by both authors.

To minimize bias within each study and across studies,
each study was reviewed according to a list of non-
nutritive and nutritive parameters. The non-nutritive
parameters included 1) study design and whether the
study’s primary goal was the determination of the effect
of breast milk on neurodevelopment or a secondary ana-
lysis in a non-breast milk related project, 2) target popu-
lation, whether VLBW infants were included as part of
the preterm population with higher birth weights or
were the sole target, 3) predetermined sample size for
different feeding groups, 4) whether adjustments were
made for baseline differences in other variables such as
the presence of intrauterine growth retardation (IUGR),
5) documentation of the extent of postnatal complica-
tions that could compromise the neurodevelopment out-
come including the extent of intracranial hemorrhage,
chronic lung disease, necrotizing enterocolitis, retino-
pathy of prematurity, severe neurosensory impairment,
documented sepsis; how this information was managed
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and whether infants with serious complications were ex-
cluded from the data analysis, 6) control for bias in neu-
rodevelopment and cognitive outcome, namely whether
studies were controlled for socioeconomic status, ma-
ternal intelligence, and child rearing environment using
Child Life Experience [14], Home Observation for Mea-
surement of the Environment [15] or similar assessment
tool, 7) whether observers of the outcome were blind to
feeding status, 8) whether the study reported an effect
size or some other strategy to interpret the clinical im-
pact of the results. Nutritive parameters on the availa-
bility of feeding data included 1) definition and 2)
duration of HM intake, 3) the type and amount of forti-
fication, 4) source of HM feeding data, and the 5) type
of non-HM feeding support. To accommodate the varied
ages and circumstances of included children, all data
from standardized tests of neurodevelopment or general
intelligence were included. All quantitative and statistical
data presented were based on each publication without
any assumption or modification.

We also assessed the quality of each study [16] accor-
ding to study design, whether the methodological criteria
were met, and consistency and directness of outcome
measures.

Nutrition and Dietetics

Results

Figure 1 indicates the number of articles screened and
the final number of studies reviewed. A total of 24 re-
ports of original studies that included HM feeding and
neurodevelopment outcome in VLBW children were
identified. Thirteen reports were excluded as none of
these publications provided sufficient data to delineate
the effects of HM feeding on developmental outcome
of subjects with VLBW [11,17-28]. Of these 13 pu-
blications, six [11,22-26] were reports of selected subsets
(n=50 to 438) from the same original study po-
pulations of 926 subjects. The average birth weights
were ~1400 g and 26 to 38% of the subjects were small
for gestation (SGA). Two population-based cohorts
[17,28] from the same country included >1400 preterm
infants in each cohort. The mean (SD) birth weights
of HM fed groups were 1430 (SD 280) g and 1460
(SD 400) g respectively. The birth weights were signi-
ficantly higher (average 100 g) and as was the mean
gestation (average ~0.5 week) than non HM groups.
Five other publications [18-21,27] reported neurode-
velopment of subjects with birth weights up to 2000 g
(n =39 to 388). Two of these publications [19,21] re-
ported on the same cohort.

Identification

Publications identified through

database search (n=442)

Additional publications identified

through other sources (n=0)

Screening l

|

Publications screened after duplicates removed (n=328) |

Excluded reviews or original studies unrelated to
breastfeeding and neurodevelopment in VLBW

children (n=304)

Eligibility

Full text publications assessed

for eligibility (n=24)

Included

Publications on human milk feeding and
neurodevelopment in children with
VLBW (n=7)

very low birth weight.

Excluded for inability to delineate data for
VLBW children (n=13), no suitable control
group (n=2), no standardized
neurodevelopment test (n=1), a report at an

earlier age from same cohort (n=1)

Figure 1 Search strategy to obtain original studies assessing the effect of feeding human milk on neurodevelopment of children with
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Eleven reports included only VLBW children [29-39].
Four of these publications were excluded because there
was another publication of the same cohort at a younger
age [36], no formal standardized neurodevelopment tests
were performed [37] and no suitable control group was
defined as the study involved supplementation of docosa-
hexaenoic acid and arachidonic acid of HM fed infants
[38,39]. Of the remaining 7 studies of VLBW children, 2
included only children with birth weights <1000 g [34,35].

Table 1 shows clinical characteristics of 7 studies of
developmental outcome associated with HM feeding in
VLBW infants. Three studies [30-32] reported the num-
ber of SGA infants with birth weight of <10th percentile
as surrogate for IUGR. SGA was reported to be as high
as 62% in one study [31]. The numbers of children from
multiple births also were not well documented.

Table 2 shows details of non-nutritive methodological
parameters. All were observational studies dependent on
maternal choice whether to provide breast milk with
varying amount of OMM provided to their VLBW in-
fant. In 6 of 7 studies, the effects of HM feeding on neu-
rodevelopment were extracted via secondary analysis of
data from other projects. The design of the primary
studies was epidemiologic observational with 2 interven-
tional studies: one on structured counseling to promote
breastfeeding [29] and the other on glutamine supple-
mentation in parenteral nutrition [35]. Three studies
[31,33,35] included only subsets of the study population
from primary study. Exclusion criteria were generally
clearly defined although varied among different studies.
Three studies [29,30,35] included children assessed at
younger than 3 years and 4 studies included children
from 5 to 11 years [31-34]. Sample sizes varied from 18
to 704 (median 219) children and none stated a priori
power calculation to measure the effect of breast milk.
The attrition rate of the subjects assessed tends to in-
crease with increased duration of follow-up. Blinding of
the observers to the feeding status of the subjects was
reported in 3 studies [29,30,34].

In all studies, VLBW children without neurological im-
pairment fed HM achieved normal or low normal scores
on standardized tests of neurodevelopment or cognitive
function. Thus any advantage of HM feeding is due to the
lower scores of formula-fed infants. Two studies [29,31]
used dichotomous grouping with 80% of the intake of HM
as a cutoff point. For the group that received the most
HM, one of these two studies reported a higher raw score
in one subtest of neurodevelopment at 5 years of age but
no adjustments were made to account for confounders
[31]. The other study showed no significant difference in
adjusted scores [29]. One study at 30 months corrected
age showed HM feeding during the hospitalization re-
sulted in mean Mental Developmental Index (MDI) and
Psychomotor Developmental Index (PDI) scores on the

Bayley Scales of Infant Development (BSID) in the low
normal range; those fed infant formula have significantly
lower scores [35]. Two of the 3 studies with neurode-
velopment assessment at 6 to 11 years showed that HM
feeding at highest volume was associated with intelligence
test scores in the normal range. The formula fed group
showed a significantly lower score in verbal intelligence
quotient (IQ) in one study [32] and in visual motor
skill subtest in another study [33]. The third study [34]
reported that children born extremely preterm without
major neurological impairment showed significantly poo-
rer academic attainment on reading and mathematics than
their term peers; HM feeding positively affected reading,
but not mathematics attainment, at 11 years. In the same
study, breast milk consumption together with perinatal
and neonatal complications and socio-economic status
accounted for 29% of the variance in reading attainment
at 11 years.

Table 3 shows every study obtained some data on peri-
natal, postnatal, social and environmental factors. How-
ever, the extent of the details varied greatly. The statistical
handling of the numerous variables also varied among
studies and only one study adjusted for the SGA status.

Table 4 shows the nutritive parameters assessed in each
study. Details on the extent and duration of HM feeding
varied. The source of the feeding data was referenced in 4
studies. Those with short-term follow-up generally had
sufficient details to allow categorization of the amount of
HM intake. Long-term follow-up studies generally relied
on maternal recall, and the amount of HM intake was not
quantified [31-34]. Only one study reported use of health
clinic record [32] as an additional measure to minimize
recall bias. No study reported the use of donor milk. Use
of HM fortifier was reported in 2 studies. Preterm infant
formula usage was reported in 3 studies but the type of
infant formula used was not documented in the other 4
studies. In 6 of 7 studies, the control group used as a com-
parison with HM-fed group was from the same cohort of
VLBW infants who were fed exclusively infant formula or
whose daily feedings consisted of up to 80% HM. Only
one study included children born at term and matched for
sex and ethnicity and attending the same mainstream
school or special education facility.

All but one study were secondary analyses of data from
primary studies that may have an independent effect on
neurodevelopment. The effect of HM on neurodevelop-
ment was based on observation of selected cohorts. The
quality and the risk of bias, as determined by the extent to
which the methodological parameters are met, were varied
among different studies (Table 5). Of the 8 non-nutritive
parameters, each study has at least 4 parameters that were
either not met or only partially met with the use of surro-
gate markers. Of the 5 nutritive parameters, one study did
not meet one parameter while the other studies did not
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Nutrition and Dietetics

Table 3 Human milk (HM) and developmental outcome in very low birth weight (VLBW) infants: perinatal, postnatal,

social and environmental data*

Reference

Perinatal/postnatal factors

Social and environmental factors

Pinelli et al. [29]

Furman et al. [30]

Tanaka et al. [31]

Horwood et al. [32]

Smith et al. [33]

Johnson et al. [34]

Vohr et al. [35]

Type of delivery

Delivery at perinatal center, antenatal steroid
and cesarean section. Apnea, sepsis,
jaundice, necrotizing enterocolitis, chronic
lung disease, cranial ultrasound
abnormalities.

Chronic lung disease, cranial ultrasound,
necrotizing entercolitis. Intrauterine growth
retardation

Sex, multiple births, birth weight, gestational
age, intrauterine growth retardation, 5 min
Apgar score

Length of hospital stay

Birth weight, gestation, antenatal steroid,
premature rupture of membranes, vaginal
breech delivery, chorioamnionitis, admission
temperature <35°C, CRIB score, abnormal
last cranial ultrasound, necrotizing
entercolitis, postnatal steroid, duration of
NICU admission. Neurodevelopmental
assessment results at 30 mand 6y

Gestation, gender, sepsis, intraventricular
hemorrhage grade 3 to 4, periventricular
leukomalacia, oxygen need at 36 weeks,
necrotizing enterocolitis, and weight <10th
percentile at 18 months.

Maternal and paternal age, education and
occupation, 1 or 2 parent home, social
classes |-V (Hollingshead index)

Maternal education and ethnicity, and
marital status

Maternal age and education

Maternal age, education and smoking, 1 or
2 parents, family income, child ethnicity,
birth order

Maternal age, verbal ability, education,
cigarette smoking and marital status, Home
observation for measurement of the
environment inventory — short version,
annual household income, gender, parity

Socioeconomic (UK National Statistics
Socio-Economic classification), maternal age,
race and highest education.

Maternal age and education, marital and
health insurance status, race, and income.

*The variables entered into the final model to determine the independent effect of HM feeding were varied and not always fully described. Some investigators
[30] used composite scores to minimize the number of variables entered into data analysis and no specific modeling was performed by other investigators [31].

meet 2 or 3 parameters (Table 5). Lack of documentation
for a methodological parameter or the use of surrogate
markers negatively affected the quality of many studies.
Consistency of the effect is variable with the advantage of
feeding HM in adjusted neurodevelopment or educational
attainment test scores in 4 of the 7 reports [32-35]. Three
of these studies [32-34] of VLBW children at 6 to 11 years
of age showed an advantage from HM with selected sub-
tests rather than overall test scores. Dose effect of HM in-
take was reported with 2 studies [32,35]. Directness of the
outcome was supported with the use of age-appropriate
standardized tests but suffered from secondary analysis of
other studies, incomplete sampling, poor selection of con-
trol group, and use of surrogate markers.

Discussion

For infants born at term, the benefits of HM on neuro-
development and cognitive function may be limited ac-
cording to reports on studies that adequately controlled
for maternal intelligence and other social and environ-
mental factors [8-10]. HM may provide greater benefit

for the preterm infants when there is an added need for
specific nutrients and trophic effects. Meta-analysis of
earlier studies with larger preterm infants supported this
assumption [7]. However, the meta-analysis did not
attempt to evaluate each study’s methods or interpret re-
sults on the basis of the quality of the investigation. As a
result, the pooled effect estimates obtained reflect the
average of a heterogeneous group of studies.

Our systematic review on the independent effect of HM
feeding on neurodevelopment outcome, taking into ac-
count the additional confounders unique to VLBW chil-
dren, provided a better understanding of the strengths and
limitations of each study. It appears that significant limita-
tions exist with each study. These limitations may involve
study design or the quality of the study in the fulfillment of
non-nutritional and nutritional methodological criteria,
which can affect the applicability of the outcome data.
The inconsistent effect on neurodevelopment test scores
and variable advantage in different subtest scores when
assessed at school ages also contributed to the difficulty in
interpreting the HM effect on neurodevelopment outcome.
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Human milk and neurodevelopment in children with very low birth weight: a systematic review 35

Majority of publications determining the effect of
breast milk feeding on neurodevelopment in VLBW chil-
dren is based on observational data from other studies.
The source of VLBW population for example those with
postnatal complications [32,33]; and intervention per-
formed in the original studies, such as counseling to im-
prove breastfeeding [29] or glutamine supplementation
in parenteral nutrition [35] potentially may influence the
outcome measures by indirect means. Furthermore, se-
condary analysis of data generates more questions for
hypothesis testing rather than providing a definitive
cause and effect of HM feeding.

Quality of the studies, as indicated by adherence to
methodological criteria that minimizes risks for bias, is
generally low. Numerous factors other than nutritional
intake have been identified as confounding variables in
relation to child development [40] and may have origin
even before birth. Many preterm infants experienced
variable adverse growth in utero but not all studies re-
ported the rate of IUGR or SGA. In preterm infants,
SGA is an independent predictor of severe cognitive
deficit [17]. For extremely preterm infants with VLBW,
SGA as an indicator of IUGR has an odds ratio of 3.91
for increased risk of death or neurodevelopment impair-
ment [41]. Some studies of children born preterm have
reported IUGR or SGA rates from 34% [26] to as high as
60% [31], and not all studies reported whether or
how the data analysis accounted for IUGR or SGA. Extra
uterine growth retardation also occurs frequently in
VLBW infants and may be another marker for neuro-
development delay [42]. A small head circumference at
8 months corrected age is an independent marker of
neurodevelopment and cognitive impairment, indepen-
dent of the type of feeding [43,44]. Multiple births are at
risk for preterm delivery and discrepant in utero growth
resulting in VLBW and IUGR, and discordant neurode-
velopment outcome has been reported for VLBW twins
[45]. Not all studies have accounted for multiple births
and some studies have restricted the study population to
singletons [29,30]. In addition, the effect on breast milk
production in mothers with both twins admitted to a
neonatal intensive care unit is not well-defined.

For extremely preterm infants, a difference in 100 g in
birth weight or one week of gestation can have major
impact on perinatal and postnatal complications [46]
that can directly or indirectly impact neurodevelopment
outcome and confound the effects of HM. Thus it is im-
portant not to generalize the neurodevelopment effect of
HM from preterm infants with higher birth weight and
gestation, since they have a relatively longer period of
development in utero and less serious postnatal com-
plications. The earlier reports included large numbers of
preterm children with higher birth weights than VLBW
which could reflect better intrauterine growth at the

same gestation or had IUGR at a more advanced gesta-
tion [11,17-28]. Interaction between gender and diet has
been reported in some studies, with males showing more
benefit from nutritional intervention [11,26,34]. One
study of children with birth weight <1000 g reported
that being male has a small negative predictive effect on
reading but not mathematics attainment at 11 years [34].

The age at follow-up varies, although few studies
[32-34] assessed cognitive scores at school ages which
are considered as much better predictors of adult scores.
One report of significant positive effect of HM on neu-
rodevelopment at 30 months corrected age was gene-
rated from secondary analysis of a subpopulation from
another p