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Research reporting diet during pregnancy in nationally representative samples is
limited. This review summarizes the dietary intakes of pregnant women in developed
countries and compares them with national recommendations. A systematic search
without date limits was conducted. All studies reporting the macronutrient intakes
of pregnant women were considered, irrespective of design. Two authors
independently identified the studies to be included and assessed the methodological
quality. Nutritional adequacy was summarized, with confounding factors
considered. Meta-analysis data are reported for developed countries collectively, by
geographical region, and by dietary methodology. Energy and macronutrient
intakes of pregnant women do not match national recommendations. Energy and
fiber intakes were consistently below recommendations, while total fat and
saturated fat intakes were generally above recommendations and carbohydrate
and polyunsaturated fat intakes were below to borderline low compared with
recommendations. A mismatch between dietary practices and macronutrient
recommendations in pregnant women is widespread and not well quantified. The
implications of these practices are unknown until further research compares
maternal diet with short-term and long-term maternal and offspring health

outcomes.
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INTRODUCTION

The influence of nutrition during pregnancy on subse-
quent maternal and offspring health has aroused research
interest since Barker et al.! reported on the inverse rela-
tionship between birthweight and lifetime risk of coro-
nary heart disease. A recent review has summarized the
evidence that maternal nutrition affects fetal growth and
birth outcomes.” Both undernutrition and overnutrition
during pregnancy may predispose offspring to metabolic
complications and obesity in adult life.>* The challenge is
to identify the ideal nutrient composition of diet during

pregnancy to promote optimal short- and long-term
health outcomes in mothers and their offspring.

Ithas been suggested that the maternal macronutrient
profile can influence fetal development during different
periods of pregnancy.>® However, complex relationships
exist between maternal macronutrient intake, energy
expenditure, gestational weight gain, and fetal growth.
Therefore, the hypothesis that increased dietary intake will
increase maternal weight,leading to increased fetal growth
and improved fetal survival, is no longer satisfactory.”

The effects of varying maternal macronutrient intake
on fetal growth and pregnancy outcomes have been
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studied in both animal and human models. Animal
experiments reveal that maternal total energy intake
restriction or protein restriction can retard fetal growth
and lead to increased blood pressure, altered glucose, and
insulin homeostasis.>” Satisfactory total fat intake, but
with an increased proportion of saturated fat, has been
shown to significantly decrease offspring birthweight
compared with higher-percentage unsaturated fatty acid
intakes in rats.'” Animal studies have further demon-
strated that maternal undernutrition as well as overnutri-
tion can adversely influence adult health outcomes,
irrespective of birthweight.®’

Several cohort studies from developed countries
suggest that macronutrient composition during human
pregnancy can influence birth size and adult health.
Higher percentages of energy from protein during early
pregnancy have been positively associated with birth-
weight and placental weight,'" while the percentage of
energy derived from carbohydrate in early and late preg-
nancy has been negatively associated with the ponderal
index of the neonate."’ High carbohydrate intakes during
early pregnancy have also been negatively associated
with the above outcomes.”? In Motherwell, Scotland,
however, during 1952 and 1976, pregnant women who
were encouraged to consume a high-protein, low-
carbohydrate diet (0.45 kg/day red meat) reported infants
of lower (0.51 standard deviations) birthweight; more-
over, as adults, these offspring had higher blood pressure
compared with the adult offspring of other women who
were pregnant during the same years in Scotland.” The
relationship between reduced birthweight and elevated
adult blood pressure is now clearly established." Evi-
dently, studies in humans have not demonstrated a clear
link between energy or protein intakes and pregnancy
outcomes, leading to questions surrounding the method-
ological design and appropriateness of the chosen
outcome measures."

Unlike animal studies, human studies are frequently
confounded by many environmental and social factors,
which may explain the small variations in birthweight
reported with nutritional modifications in both observa-
tional and interventional studies.” Due to the multifac-
eted nature of conducting dietary assessment in human
populations, any effects are also likely to have been under-
or overestimated as a result of measurement error. In
addition, advancements in agricultural practice in the last
50 years have changed dietary patterns and, consequently,
nutrient intakes throughout the world." In industrialized
countries, per capita food consumption has increased by
approximately 1,675 kJ (400 kcal) per person per day.'® It
is likely that changes in food consumption patterns are
also occurring during pregnancy, yet any effect on nutri-
ent intakes or maternal and offspring health outcomes are
unclear. A better understanding of diet during pregnancy
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is needed to establish whether contemporary dietary
intakes during pregnancy are low in particular nutrients
and to strategically identify other nutrients of critical
importance.®

To determine the optimal macronutrient composi-
tion range for pregnancy, there must be a thorough
understanding of the dietary intakes of pregnant women
to date. However, research reporting dietary intakes
during pregnancy in large, nationally representative
samples is limited.”™"® For these reasons as well as the
increasing prevalence of prepregnancy obesity,” exces-
sive gestational weight gain,?** and many chronic dis-
eases related to obesity,** a closer examination of the
energy and macronutrient intakes of pregnant women
from developed countries is warranted.

This systematic review aims to summarize the litera-
ture reporting the dietary intakes of pregnant women in
developed countries in order to: 1) provide a description
of the energy and macronutrient intakes in developed
countries collectively and by geographical region, and 2)
appraise the nutritional adequacy of intakes compared
with current dietary recommendations. Meta-analyses
are conducted to produce single-point estimates of
macronutrient intake in an attempt to control between-
study variation, to address the multicultural nature of
populations, and to increase the generalizability of
findings.

METHODS

The review protocol was developed using the Meta-
analysis of Observational Studies in Epidemiology guide-
lines for meta-analyses and systematic reviews of
observational studies.”

Eligibility criteria

Table 1 highlights the inclusion/exclusion criteria for the
selection of studies. Developed countries were defined as
countries that satisfied the Organisation for Economic
Co-operation and Development criteria for high-income
membership.*® The outcomes measured were daily
energy and macronutrient (protein, fat, and carbohy-
drate) intakes during pregnancy. Alcohol has been
excluded from this review because it is not recommended
during pregnancy and, on that basis, many studies do not
report its consumption, although it has also been
reviewed elsewhere.” Nutrient values, including supple-
ments, were excluded. Supplement intake was treated as
not included if no details about it were provided. Given
the breadth of this topic, this review includes studies of
any design that reported nutrient intakes during preg-
nancy, but it limits the focus to publications that reported
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Table 1 Inclusion and exclusion criteria for the selection of studies.

Inclusion criteria

Exclusion criteria

Studies on dietary intake (macro- and micronutrient) in
pregnant women of any age, without date limits

Studies conducted in countries meeting the OECD criteria
for high-income membership?

Any study design®

Studies reporting data in a format that enabled the daily
mean or median nutrient intake for the population to
be extracted

Studies published in languages other than English

Studies in animals

Health conditions that may influence dietary intake (i.e.,
gestational diabetes, celiac disease)*

Studies in which dietary data include supplements

Studies in duplicate populations

Lack of a random sample

2 Countries included Australia, Austria, Belgium, Canada, Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, Iceland,
Ireland, Italy, Japan, Korea, Luxembourg, Netherlands, New Zealand, Norway, Portugal, Slovak Republic, Spain, Sweden, Switzerland,

United Kingdom, and United States.

®In randomized controlled trials, only the nutrient values from the control group or from all participants at baseline were extracted.
¢When health status was not specified, it was assumed the sample was broadly representative of the population group.
Abbreviations: OECD, Organisation for Economic Co-operation and Development.

macronutrient intake separately from the contribution of
nutrient supplements. While vitamin and mineral supple-
ments may be taken during pregnancy, the focus of this
review is to examine the nutrient contribution from food
alone during pregnancy.

Search strategy

A systematic search for publications was conducted in
August 2011, using the electronic databases MEDLINE,
PreMedline, EMBASE, The Cochrane Library, and
CINAHL, without date limits. To identify the population
of pregnant women, the following keywords were
searched (with special features in parentheses): preg-
nancy (exp/), pregnant women (exp/), mother (exp/), and
trimester (exp/). To identify the outcome of nutrient
intake, the following keywords were searched (with
special features used in parentheses): dietary intake
(dietary adj3 intake), food intake (food adjl intake), food
group (food adjl group), diet variety (diet* adj3 variet*),
diet quality (diet* adj3 quality), diet score (diet* adjl
score$), food adequacy (food adj3 adequacy), food habits
(exp/), and food preferences (exp/). Limits included
English language, humans, and the specific countries
within the Organisation for Economic Co-operation and
Development. Keywords were searched as free text in the
title, abstract, and subject heading. Study population and
outcome records were combined using the Boolean
operator “AND”. Additional publications were identified
from references published in original papers.

Selection process

All records identified were first assessed for eligibility
based on the information contained in the title, abstract,
and description/MeSH heading by two independent
reviewers (MB and AH), after which the inclusion/
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exclusion criteria were applied (Table 1). When multiple
publications were available from the same data set, the
data sets were either combined, if possible, or the publi-
cation that reported that largest number of nutrient vari-
ables was selected. The full text of all studies that
appeared to meet the eligibility screening were retrieved
and subjected to a second assessment for relevance by the
same two reviewers (Table 1). Any difference in assess-
ments that arose between reviewers was discussed in the
first instance or resolved by a third independent reviewer
(CO).

These studies were then assessed for methodolo-
gical quality by two independent reviewers (MB and
CC/LMW) in a two-step process using standardized criti-
cal appraisal instruments. In step 1, the quality of the
dietary assessment tool used to measure dietary intake
within the study was appraised. Dietary assessment tools
included food frequency questionnaire (FFQ), estimated
diet records, weighed food records (WFRs), 24-hour food
recalls, and diet history. If an FFQ was used, the full text of
any related validation study was retrieved and the
EURopean micronutrient RECommendations Aligned
Network of Excellence (EURRECA) scoring system was
applied.” Scores greater than 3.5 were coded “good,
scores between 2.5 and 3.5 were coded “acceptable,” and
scores less than 2.5 were coded “poor”® If the FFQ was
not validated, it was coded “poor” If estimated diet
records, WERs, or 24-hour food recalls were used, studies
containing two or more days of dietary data were coded
“good”; otherwise, all were coded “poor.” Diet histories
conducted by a dietitian/nutritionist were coded “good”;
otherwise, they were coded “poor”. In step 2, all “good”
and “acceptable” studies were subject to a full assessment
of methodological quality using the Quality Criteria
Checklist in the American Dietetic Association Evi-
dence Analysis Manual.”” The Quality Criteria Checklist
included four relevance questions that addressed applica-
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bility to practice and ten validity questions that addressed
scientific reliability, including confounding, study quality,
and heterogeneity. The Quality Criteria Checklist enabled
a systematic, objective rating (positive, negative, or
neutral) to be given to each study and was used to
confirm agreement among independent reviewers.
“Positive” studies were of the highest quality, with most
answers to the validity questions being positive, followed
by “neutral” studies. “Negative” studies were of the lowest
quality, with most of the answers to the validity questions
being negative. Therefore, the “negative” studies were
excluded from the review. Once again, any difference in
assessments was resolved, if necessary, by a third inde-
pendent reviewer (AH).

Data extraction

Nutrient data were extracted for all studies included in
the review. Demographic and methodological data were
extracted for the following confounding factors: stage
of gestation, age, ethnicity, socioeconomic status (SES),
smoking status, year of sample recruitment, and dietary
assessment tool. Three studies reported data from the
Osaka Maternal and Child Health Study.”*** Data were
combined to provide a larger data set of nutrient vari-
ables; the data set is referred to as an individual study in
analyses. Due to the large number of studies included,
original authors were contacted only to confirm the year
the study sample was recruited. If original authors could
not be contacted, 3 years prior to the publication date was
used as the estimated year of recruitment (8 studies).”™*

Comparison with international dietary guidelines

Nutritional adequacy was appraised by comparing the
dietary intakes of pregnant women with the national
dietary guidelines in each respective country or geo-
graphical region. Current macronutrient guidelines in the
United States of America (USA)/Canada, Australia/New
Zealand (NZ), Europe/United Kingdom (UK), and Japan
are the Institute of Medicine’s dietary reference intakes
(DRIs) for macronutrients and energy,” the National
Health and Medical Research Council of Australia nutri-
ent reference values,* the World Health Organization/
Food and Agriculture Organization of the United Nations
(WHO/FAO) population nutrient intake goals for pre-
venting diet-related chronic diseases,” and the Ministry
of Health, Labour, and Welfare dietary reference intakes
for Japanese,** respectively. Each dietary guideline con-
tains population nutrient intake goals that are expressed
as a percentage of total energy intake and referred to as
either an adequate macronutrient distribution range
(AMDR)** or a dietary goal.*** AMDRs and dietary
goals are associated with reduced risk of chronic disease
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while ensuring adequate intakes of essential nutrients.*' If
dietary intake exceeds the AMDR or the dietary goal,
there may be an increased risk of chronic diseases and/or
inadequate intake of essential nutrients."

Statistical analysis

The main outcome measures were daily energy and
macronutrient intakes for pregnant women in the studies
included. Nutrient data were meta-analyzed for all
high-income countries collectively and per geographical
region (USA/Canada, UK, Europe, Australia/NZ, and
Japan). To address possible heterogeneity, analyses were
also stratified by trimester, SES, and dietary methodology.
Studies that reported dietary intake separately by trimes-
ter were included in a subgroup analysis to identify
reported dietary changes across each trimester and any
differences historically over time.

Due to included studies reporting the central ten-
dency of data as either mean or median values, linear
regression models were performed to assess the trend in
mean and median values for each nutrient. If no signifi-
cant differences were observed between these trends for a
particular nutrient, data were combined to represent an
average nutrient value. This allowed analysis of the
maximum amount of data from the studies included,
while considering the reliability of results.

Comparisons of means were performed using analy-
sis of variance (ANOVA) and two-sample ¢-tests. Fixed-
effect regression models, weighted by sample size, were
used to investigate nutrient intakes throughout preg-
nancy. Fixed-effect models were adjusted for time,
country, and methodological quality, and - where appro-
priate — sensitivity analyses were conducted to further
examine any effect of methodological quality. Simple
linear regression models were performed to investigate
any changes in nutrient intake over time. Statistical analy-
ses were performed using the statistical software package
Intercooled Stata, version 11 (Stata, College Station, Texas,
USA). P values <0.05 were considered statistically signifi-
cant due to the small number of studies in each model.

RESULTS

Description of studies

The study flow is summarized in Figure 1. Data were
extracted from 90 studies (n=126,242),!7-19:30:38:39.45-105
with 23 studies containing multiple dietary intake assess-
ment points during pregnancy (n = 4,985).!11233-37:40.106-120
The countries represented by geographical region are
the USA (26 studies, n=12,765)/Canada (5 studies,
n=143), UK (19 studies, n = 15,653), Europe (27 studies,
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Systematic review protocol

Systematic database search
N =7330

Duplicates

Total studies

N =885

N = 6445

Full-text articles to be retrieved
based on title and abstract
N = 563

|

Include/Exclude studies based on
full-text article

Excluded studies
N =296

Include studies
N = 267

- Not a study (n = 25)

- Not a population (n = 40)

- Not an outcome (n =172)

- Duplicate population (n=59)

- Single nutrient papers (n = 103)
- Multiple nutrient papers (n = 164)

Methodological quality check of
multiple nutrient papers
N =164

Excluded studies total
N=74
- Poor dietary methodology (n=46)

Included studies total
N=90
- Positive quality studies (n=45)

- Negative quality studies (n=19)
- Unable to validate diet methods (n=9)

- Neutral quality studies (n=45)

Figure 1 Flow chart for the present systematic review.

n=93,395), Australia (5 studies, n = 2,557)/NZ (2 studies,
n=291), and Japan (6 studies, n = 1,438).

The methodological quality and study characteristics
of the studies included are shown in the Supporting
Information for this article available online (Table S1).
Four population-based samples were identified for
Denmark in 1999, the UK in 1992," and Norway in 1995
and 2003."%*® Twenty-six studies reported macronutrient
data during the first trimester, followed by 43 in the
second trimester and 51 in the third trimester. Twenty
studies reported intakes as a single value to represent
women across all trimesters. The mean = standard devia-
tion gestation reported was 25.0 = 9.9 weeks.

The total number of participants ranged from 8*>!'
to 54,344" pregnant women. Women tended to be in their
late twenties (27.6 £ 4.0 years) and more likely of
medium to high SES. Research in low-SES pregnant
populations has mainly been conducted in the USA (7
studies)*>**8792979%101 only two additional studies, con-
ducted in Finland and the UK, segregated dietary infor-
mation by SES.*>* Thirty-eight studies did not report SES
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or smoking status information (Table SI in Supporting
Information).

FFQs were the most frequently used dietary assess-
ment methodology (34 studies), particularly when the
sample size was greater than 500 participants. Estimated
diet records (26 studies), WFRs (14 studies), diet history
questionnaires (8 studies), and 24-hour diet recalls (8
studies) were commonly used in smaller samples
(Table S1 in Supporting Information). Fifty-five studies
were excluded from the review based on poor dietary
methodology or inability to validate the dietary data col-
lection method used (Figure 1).

Energy

In all developed countries collectively, the mean reported
energy intake during pregnancy was 8,969 * 1,034 kJ/
day (2,144 = 247 kcal/day). Daily energy intakes in the
third trimester (9,261 * 1,231 kJ/day) were significantly
higher than in the first trimester (8,491 * 873 kJ/day,
P=0.019) (Figure 2).
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Figure 2 Daily energy intake during pregnancy, by trimester, in each geographical region, as reported by studies
included in the review. “All” values refer to data that represent all trimesters within the one dietary value.

Figure 3 highlights the mean energy intakes reported
during pregnancy by geographical region. Mean energy
intakes differed by geographical region, with the USA/
Canada (9,214 = 722 kJ/day), Europe (9,197 * 1,149 kJ/
day), and Australia/NZ (9,261 = 1,101 kJ/day) reporting
similar mean intakes, while Japan reported the lowest
energy intake (7,707 * 892 kJ/day). The UK reported
a significantly lower mean energy intake (8,495 *

880 kJ/day) compared with the USA/Canada (P =0.024)
and Europe (P=0.029). Pregnant women reported
a mean of approximately 7,710 kJ (1,842 kcal) to 9,260 k]
(2,213 kcal) per day across the whole of pregnancy, with a
wide range of values reported in each trimester (Figure 2).
There was a 577 kJ (138 kcal) to 929 kJ (222 kcal) differ-
ence between daily energy intakes in the first and third
trimesters among developed countries (Figure 2).

United Kingdom Europe Japan

Nutrient Daily intake  Studies | | Nutrient Daily intake  Studies | | Nutrient Daily intake  Studies

Energy 8495+880kJ 19 Energy 9197+1149kJ 27 Energy 7707+892kJ 6

Protein 73+7g 18 Protein 85+12g 25 Protein 87+14g 5]

Total fat 85+8g 17 Total fat 88+17¢g 27 Total fat 62+9g 6

Saturated fat 31+2g 5 Saturated fat 34+11g 20 Saturated fat 18+2g 2

Polyunsaturatedfat ~ 13+1g 3 Polyunsaturated fat  12+4g 20 Polyunsaturated fat  13g 1

Monounsaturated fat 25+1g 3 Monounsaturated fat 31+7g 18 Monounsaturated fat 21+2g 2

Carbohydrate 254+28g 15 Carbohydrate 268+42g 25 Carbohydrate 250£11g 3

Fibre 17+3g 12 Fibre 1915g 13 Fibre 1569 3

United States/Canada Australia/New Zealand

Nutrient Daily intake  Studies Nutrient Daily intake  Studies
Energy 9214+722kJ 31 Energy 9261£1101kJ T
Protein 87+11g 29 Protein 87+12g 7
Total fat 85+12g 23 Total fat 88+11g 7
Saturated fat 20+4g 12 Saturated fat 41+6g 2
Polyunsaturated fat  17+4g T Polyunsaturated fat  11%1g 2
Monounsaturated fat 31+5g 6 Monounsaturated fat 269 1
Carbohydrate 285+31g 21 Carbohydrate 271+42g 5
Fibre 19+4g 10 Fibre 22+1g 3

Figure 3 Pooled energy and macronutrient intakes during pregnancy, as reported by geographical region. Data col-
lected from 1961 to 2009 and reported as mean = standard deviation.
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Inherent biases from differing dietary methodologies
were also apparent, with lower mean energy intakes
reported by WFRs (8,420 = 808 kJ/day) compared with
FFQs (9,319 = 1,213 kJ/day, P=0.001), diet history
(9,168 = 1,317 kJ/day, P=0.029), 24-hour recalls
(9,136 = 503 kJ/day, P=0.024), and estimated diet
records (8,931 = 827 kJ/day, P=0.013). Differences in
energy intake by dietary assessment tool in each geo-
graphical region are presented in Figure S1 of the Sup-
porting Information.

Mean energy intakes differed by SES, with reported
energy intakes increasing as SES decreased (high SES:
8,574 * 603 kJ/day; medium SES: 9,374 * 1,455 kJ/day;
low SES: 9,616 * 1,362 k]/day; high versus low, P=
0.009). A similar relationship was seen in the difference in
intakes by trimester, with the difference between the first
and third trimesters (high SES: 563 kJ/day; medium SES:
1,908 kJ/day; low SES: 2,421 kJ/day).

Estimated energy requirements for pregnancy differ
by geographical region (Table2).*"**!2' The USA/
Canada was the only region that reported mean energy
intakes in the first trimester that were similar to the
intakes of nonpregnant women, using the 1999-2000
National Health and Examination Survey as the compara-
tor.'” However, this was followed by an increase in the
second trimester of approximately 50% of energy recom-
mendations, with no further increase reported during the
third trimester. The UK and Australia/NZ both reported
higher energy intakes in each trimester compared with
the intakes of nonpregnant women in the 2002-2001
National Diet and Nutrition Survey'” and the 1995
National Nutrition Survey,"** respectively. However, the
reported energy increments in the second and third tri-
mesters were closely matched to national recommenda-
tions in both regions. Japan reported an increase in mean
energy intake in the first trimester (35 kcal/day) similar to
first trimester recommendations, using the 2007 National
Health and Nutrition Survey Japan as the comparator.'*
However, this was followed by an increase in the second
and third trimesters of approximately 33% and 40% of
energy recommendations, respectively. The European
region reported a mean energy increase of approximately
345 kJ (80 kcal) in the first trimester, using countries in
the European Nutrition and Health Report 2004 as the
comparator,'?® with no increase in mean energy intake
reported in the second trimester and an increase in the
third trimester that was less than 50% of the energy rec-
ommendations.

Protein
In all high-income countries collectively, the reported

protein intake was 82.1 = 12.5 g/day. There was a 5.9 g/
day difference between the mean protein intakes in the
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Table 2 Daily dietary reference values for energy and macronutrient intake during pregnancy, according to geographical region. Unless otherwise specified,

nutrient values are expressed as a percentage of total energy intake.

Europe® Australia/ Japan*

United

United States/

Canada®'

Nutrients

New Zealand*

Kingdom*

Energy®

+50 kcal/day

1t trimester

+250 kcal/day
+500 kcal/day

+335 kcal/day
+455 kcal/day

+360 kcal/day

+475 kcal/day

+360 kcal/day
+475 kcal/day

+340 kcal/day
+450 kcal/day

2" trimester
3" trimester
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Mean intake (g/day)
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1=1st trimester, 2=2nd trimester, 3=3rd trimester, All=All trimesters

Figure 4 Daily macronutrient intake during pregnancy, by trimester, in each geographical region, as reported by
studies included in the review. “All” values refer to data that represent all trimesters within the one dietary value.

first (78.1 = 9.6 g/day) and third (84.0 £ 13.0 g/day) tri-
mesters (Figure 4).

Mean protein intakes differed by geographical
region, with the USA/Canada (87.0 £ 10.9 g/day),
Europe (84.6 = 11.7 g/day), and Australia/NZ (86.9 =
11.8 g/day) reporting similar mean intakes, while Japan
reported the lowest protein intake (67.5 = 13.5 g/day)
(Figure 3). Once again, the UK reported a significantly
lower mean intake (73.4 = 7.6 g/day) compared with
most other developed countries (USA/Canada P < 0.001;
Europe P = 0.002; Australia/NZ P = 0.023; Japan P > 0.05)
(Figure 3). Japan reported the largest difference between
daily protein intakes (14.4 g/day) in the first and third
trimesters compared with other developed countries
(USA/Canada 2.3 g/day, UK 4.4 g/day, Europe 4.9 g/day,
Australia/NZ 5.3 g/day) (Figure 4).

Lower mean protein intakes were reported by
WERs (74.5 * 8.5 g/day) compared with 24-hour recalls
(93.3 * 18.4 g/day, P <0.001), FFQs (85.9 = 14.4 g/day,
P <0.001),diet history (83.7 * 13.7 g/day, P=0.013),and
estimated diet records (81.3 = 8.2 g/day, P=0.002)
(Figure S2, Supporting Information).

Mean protein intakes during pregnancy did not
differ by SES. Although, the difference between protein
intakes in the first and third trimesters was greatest in
low-SES pregnant women (high SES: 5.7 g/day; medium
SES: 9.8 g/day; low SES: 22.3 g/day).

Protein intake recommendations differed by geo-
graphical region (Table 2). Pregnant women in developed
countries reported consuming between 14.7% and 16.1%
of total energy from protein, which is an adequate
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amount based on current recommendations. The per-
centage of energy provided by protein was similar across
each trimester in all regions, with a 1.5% maximum dif-
ference reported between the first and third trimesters.

Total fat

In all high-income countries collectively, the reported fat
intake was 84.7 * 14.6 g/day. There was a 10.1 g/day
difference between the mean fat intake in the first
(78.1 £ 9.6 g/day) and third (88.2 = 16.5 g/day) trimes-
ters (Figure 4).

Mean fat intakes differed by geographical region,
with Europe (87.9 = 17.1g/day) and Australia/NZ
(88.2 = 10.4 g/day) reporting the highest intakes, closely
followed by the UK (85.2 = 7.8 g/day) and the USA/
Canada (84.6 = 12.3 g/day). Japan reported the lowest
mean fat intake (61.9 * 8.9 g/day) (Figure 3). The differ-
ence between daily fat intakes in the first and third tri-
mesters was 3.8 g/day in the USA/Canada, 5.8 g/day in
the UK, 6.5 g/day in Australia/NZ, 8.3 g/day in Europe,
and 8.8 g/day in Japan (Figure 4).

No significant differences were found in fat intake
when different dietary data collection methodologies
were used (FFQs 85.9 * 15.2 g/day; WFRs 84.8 £ 16.7 g/
day; estimated diet records 84.4 * 13.7 g/day; diet history
83.7 = 15.9 g/day; 24-hour recalls 82.0 = 10.2 g/day)
(Figure S2, Supporting Information).

Mean fat intakes were not significantly different by
SES. However, the differences in fat intakes between
the first and third trimesters were greatest in low-SES
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pregnant women (high SES: 0.4 g/day; medium SES:
18.4 g/day; low SES: 34.5 g/day).

Total fat intake recommendations were similar in
each geographical region (Table2). Western regions
reported total fat intakes above recommendations, at 35%
to 37.1% of total energy, while the reported total fat
intake in Japan was 29.7% of total energy. The percentage
of energy provided by total fat intake was similar across
each trimester.

Saturated fat

Saturated fat intake for all developed countries collec-
tively was 32.2 £ 9.1 g/day during pregnancy. The
reported saturated fat intake in the first, second, and
third trimesters was 30.5 * 7.4 g/day, 31.0 = 6.1 g/day,
and 36.1 * 11.8 g/day, respectively. Mean saturated fat
intakes differed by geographical region, with the USA/
Canada (28.9 * 4.4 g/day), Europe (33.8 = 10.6 g/day),
and the UK (31.4 * 2.0 g/day) reporting similar mean
intakes, while Japan reported the lowest intake
(17.8 = 1.6 g/day) (Figure 3). Australia/NZ reported the
highest mean saturated fat intake (41.3 = 6.0 g/day) com-
pared with all other developed regions except Europe
(USA/Canada P=0.004, n=12; UK P=0.015, n=5;
Japan P =0.033, n = 2). Higher mean saturated fat intakes
were reported with WFRs (44.3 = 0.6 g/day) than with
diet history (28.6 = 8.8 g/day, P=0.012) or 24-hour
recall (27.7 £ 2.5 g/day, P<.001) assessment methods
(estimated diet records 32.9 * 11.7 g/day; FFQs
32.4 * 17.2 g/day).

Saturated fat intake recommendations are similar in
each geographical region (Table 2). All regions reported
saturated fat intakes above recommended levels
(USA/Canada 11.6% E, Europe 13.5% E, UK 13.7% E,
Australia/NZ 16.5% E, Japan 8.5% E). The percentage of
energy provided by saturated fat was similar across each
trimester.

Polyunsaturated and monounsaturated fatty acids

Polyunsaturated fatty acid (PUFA) intake during preg-
nancy was 12.9 * 4.1 g/day. The reported PUFA intake in
the first, second, and third trimesters was 11.4 * 4.0 g/
day, 13.7 = 5.1 g/day, and 12.7 * 3.7 g/day, respectively.
Mean PUFA intakes differed by geographical region. In
the USA/Canada, reported intakes were significantly
higher than those in Europe (16.7 * 3.8 g/day versus
12.1 = 4.1 g/day, P=0.004) or Australia/NZ (11.2 =
1.0 g/day, P =0.016), but they were similar to those in the
UK (12.8 = 0.7 g/day, P>0.05) and Japan (12.8 g/day,
P>0.05) (Figure3). Mean PUFA intakes were lower
when reported by diet history (8.9 £ 5.0 g/day) than
by 24-hour recall (15.1 = 2.9 g/day, P=0.041), FFQ
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(14.9 = 3.5 g/day, P=0.001), or estimated diet records
(13.2 = 3.0 g/day, P=0.011) assessment tools (WEFRs
11.3 + 1.2 g/day).

PUFA recommendations differ by geographical
region (Table 2). Pregnant women in developed countries
report consuming between 4.8% and 6.7% of total energy
from PUFA, which is borderline low compared with
current recommendations (USA/Canada 6.7%, Japan
6.1%, UK 5.6%, Europe 4.8%, and Australia/NZ 4.5%).
The percentage of energy provided by PUFA was similar
across each trimester.

Monounsaturated fatty acid (MUFA) intake during
pregnancy was 29.8 * 6.4 g/day for all developed coun-
tries. The reported MUFA intake in the first, second, and
third trimesters was 28.7 = 3.7 g/day, 29.9 * 5.7 g/day,
and 31.1 * 7.6 g/day, respectively. Mean MUFA intakes
differed by geographical region, with the USA/Canada
(31.5 = 5.4 g/day), Europe (30.6 = 6.6 g/day), the UK
(25.5 * 1.2 g/day), and Australia/NZ (26.1 g/day) report-
ing similar mean intakes, while Japan reported a signifi-
cantly lower intake (20.6 * 2.2 g/day) compared with the
other developed countries (Japan versus USA/Canada
P=0.027, Japan versus UK P=0.044, Japan versus
Europe P =0.045) (Figure 3). No significant differences
were found in MUFA intake when different dietary
data collection methodologies were used (diet history
32.0 = 5.7 g/day; FFQ 30.6 * 7.4 g/day; 24-hour recalls
29.0 = 1.7 g/day; estimated diet records 28.6 = 6.0 g/day;
no WFRs data).

The percentage of energy provided by MUFAs was
similar across regions and trimesters (USA/Canada
12.7% E, Europe 12.3% E, UK 11.1% E, Australia/NZ
10.4% E, Japan 9.9% E). There are no specific dietary
recommendations for MUFAs with which to compare
reported intakes, and there is insufficient evidence by
which to set an upper limit of intake."!

Carbohydrate

In all developed countries, the reported carbohydrate
intake was 269.1 = 37.0 g/day. There was a 17.8 g/day
difference between the mean carbohydrate intakes in the
first (256.0 = 29.5 g/day) and third (273.8 = 39.7 g/day)
trimesters (Figure 4).

Mean carbohydrate intakes differed by geographical
region, with the USA/Canada (285.1 = 31.2 g/day)
reporting the highest intake, followed by Australia/NZ
(271.4 = 40.6 g/day), Europe (267.6 * 41.9 g/day), the
UK (253.7 = 27.8 g/day), and Japan (249.6 = 10.4 g/day)
(Figure 3). The difference between daily carbohydrate
intakes in the first and third trimesters were 0.9 g/day
in Japan, 52g/day in the USA/Canada, 15.8 g/day
in Europe, 20.1 g/day the UK, and 44.5g/day in
Australia/NZ (Figure 4).
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Mean carbohydrate intakes reported by WERs
(246.0 = 25.3 g/day) were lower than those reported by
FFQ (288.1 = 35.7 g/day, P<0.001), diet history
(284.7 = 40.6 g/day, P=0.002), and 24-hour recall
(270.8 £ 17.7 g/day, P=0.032) assessment tools (esti-
mated diet records [260.9 = 35.6 g/day, P=0.091]) (Fig-
ure S2, Supporting Information). Mean carbohydrate
intakes were not statistically different by SES, despite
appearing to increase as SES decreased (high SES:
251.8 = 40.2 g/day; medium SES: 276.6 * 35.6 g/day; low
SES: 283.7 * 37.4 g/day).

Dietary recommendations for carbohydrate differ by
geographical region (Table 2). Pregnant women in high-
income Western countries are consuming between 46.6%
and 49.6% of total energy from carbohydrate, compared
with 51.8% in Japan. Carbohydrate intake is borderline
low in Australia/NZ and the USA/Canada and Japan and
is below current recommendations in the UK and
Europe. The percentage of energy provided by carbohy-
drate was similar across each trimester.

Fiber

Fiber intake during pregnancy was 18.7 = 4.4 g/day for
all developed countries. The reported fiber intake in the
first, second, and third trimesters was 18.2 * 3.4 g/day,
19.5 * 4.1 g/day, and 18.3 = 54 g/day, respectively.
Mean fiber intakes by geographical region were as
follows: Australia/NZ 21.9 * 1.1 g/day, followed by
Europe 19.4 * 5.3 g/day, the USA/Canada 18.8 = 3.6 g/
day, the UK 17.4 = 3.3 g/day, and Japan 15.1 = 6.2 g/day
(Figure 3). Significant differences in fiber intake were
found between Australia/NZ and Japan (P =0.045) and
Australia/NZ and the UK (P = 0.008). No significant dif-
ferences were found in fiber intake by pregnancy trimes-
ter, SES, or dietary assessment method.

Dietary fiber recommendations are presented in
Table 2. All regions reported fiber intakes below recom-
mendations. Pregnant women reported consuming
a mean of between 15.1g and 21.9g of fiber per
day. Australia/NZ reported the highest mean fiber
intake (21.9 g/day), while Japan reported the lowest
intake (15.1 g/day). Only four studies reported a
fiber intake greater than 25 g/day, and all studies except
one were conducted in Europe.'®!**%

Sugars

Included studies reported sugar intake as either “sugars”
(9 studies) or “added sugar” (9 studies). In developed
countries, collectively, sugar intake and added sugar
intake during pregnancy were 100.9 = 40.1 g/day and
50.3 = 9.2 g/day, respectively. There were insufficient
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data to perform reliable meta-analyses by pregnancy tri-
mester, geographical region, SES, or dietary assessment
method.

Changes in nutrient intakes throughout pregnancy
and over time

In all studies from developed countries where dietary
intake was assessed at multiple time points during preg-
nancy, the nutrients that increased across each pregnancy
trimester after adjusting for year, country, and method-
ological quality, were energy (141 kJ/day/trimester,
P=0.016, 23 studies, 61 observations, n = 4,386), protein
(1.2 g/day/trimester, P =0.045, 23 studies, 61 observa-
tions, n=4,386), and saturated fat (0.9 g/day/trimester,
P=0.002, 11 studies, 28 observations, n=2,886). No
nutrients decreased across each pregnancy trimester.
Historical changes in nutrient intakes over time are
not reported due to the highly reduced validity of find-
ings caused by the lack of representative data points.

DISCUSSION

This review found that, generally, dietary intakes of
pregnant women from developed countries do not align
with country-specific energy and macronutrient recom-
mendations. Energy and fiber intakes were consistently
lower than the recommendations, while total fat and
saturated fat intakes were generally above the recom-
mendations. Carbohydrate and PUFA intakes were
either lower or borderline low compared with recom-
mendations. Due to limited experimental data, many
nutrient targets for pregnancy have been set on the basis
of theoretical calculations to establish what is believed to
optimize the health and well-being of pregnant women
and their offspring. Therefore, until epidemiological
studies demonstrate consistent associations between
exposure and health or disease outcomes, the implica-
tions of such dietary intake for mother and offspring will
be unknown.

A large number of published studies have reported
the dietary intakes of nonrepresentative groups of preg-
nant women from developed countries. These highlight
the large discrepancies in the quality of the dietary assess-
ment tools used, and many studies do not report suffi-
cient details of the method, demographic data, and/or
information on confounders that can influence dietary
intake assessment and reporting in order to enable
readers to more accurately interpret the data. Interest-
ingly, sugar or added sugars intakes were less commonly
reported within the studies included. This was despite the
availability of evidence showing a direct positive relation-
ship between 1) maternal blood glucose levels during
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pregnancy and fetal growth and birthweight,'”” and 2) the
consumption of sugar-sweetened beverages and over-
weight and obesity."®

The dietary intake results summarized in this review
are similar to those reported for representative, nonpreg-
nant populations.*®>12»12412612 Epergy  requirements
during pregnancy are influenced by many factors, includ-
ing prepregnancy weight or body mass index, maternal
age, stage of gestation, basal metabolic rate, and physical
activity levels. Current knowledge indicates that if mater-
nal weight gain and fetal growth are adequate, then
maternal energy intake is adequately meeting individual
requirements, despite the large individual variation in
reported energy intake."**"*! Therefore, it is possible that
energy homeostasis during pregnancy is achieved by a
voluntary reduction in physical activity'** or that over-
consumption during preconception may mean there is a
higher baseline intake such that women eating to appetite
do not need to increase intake to the level of current
recommendations, which presume women to be in the
healthy weight range. In addition, variability in basal
metabolic rate during pregnancy may contribute to
energy homeostasis, as the effect of pregnancy can be
individualized with cumulative reductions in basal
metabolic rate, which has been reported in some popu-
lations."**'** The increasing prevalence of overweight/
obesity”® and excessive gestational weight gain during
pregnancy in developed regions® > suggests it is likely
that women are not in energy deficit during pregnancy,
despite not reporting an increased energy intake that is in
line with recommendations. This may be particularly
evident in the USA/Canada, Europe, and Japan, where
reported mean energy intakes in both the second and
third trimesters were less than 50% of the recommended
energy requirement for pregnancy. Future research will
need to evaluate these confounding factors and report
physical activity data alongside dietary intake data to shed
light on this situation to ultimately determine whether the
current energy increment recommendations for preg-
nancy require revision.

There is a wide range of possible proportions of the
major macronutrients that constitute a healthy dietary
intake profile, as evidenced by the differing range of
national recommendations for a healthy population.**
Consumption of macronutrients outside these ranges
may increase the risk of diet-related disease. However,
research examining this in pregnant populations is lim-
ited.* In the studies conducted to date, it is often unclear
which macronutrient drives a benefit or adverse effect.
The recommended percentage energy distributions of
macronutrients during pregnancy are similar to those for
healthy women, with the assumption that dietary energy
intake is sufficient to maintain current body weight.**
However, pregnancy is a unique biological state that is
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influenced by many factors, including prepregnancy
weight, ethnicity, gestational stage, parity, and health
status. Consequently, sufficient intake may not directly
reflect maternal body weight.> Therefore, pregnant
women ultimately need specifically tailored dietary rec-
ommendations that have been derived on the basis of
findings from high-quality studies, as opposed to research
conducted in the nonpregnant state.

At present there is insufficient research data to deter-
mine whether current dietary practices have any detri-
mental effects on mother or offspring. The results in this
review indicate that many women from developed coun-
tries consume diets low in fiber and high in both total and
saturated fat during pregnancy, not unlike the dietary
patterns reported by nonpregnant women.'>"'# It is well
known that poor macronutrient quality can lead to unde-
sirable health outcomes such as constipation'®* and excess
weight gain and can adversely influence glucose and
cardiovascular risk markers in nonpregnant popula-
tions.'”” Therefore, unhealthful dietary practices may also
unfavorably impact mother and offspring during preg-
nancy and future life. To improve the dietary quality of
pregnant women, health professionals may consider a
preventative approach by targeting nonpregnant women
of reproductive age to encourage healthy eating behaviors
that will likely extend into future pregnancies. To opti-
mize health during pregnancy, and until further evidence
is available, health practitioners should only provide gen-
eralized nutrition education in line with national dietary
guidelines, without specific recommendations on macro-
nutrient distribution.

To understand the implications of current dietary
practices and dietary recommendations, future research
needs to examine the relative risks of varying dietary
intake patterns in representative populations of pregnant
women for a range of short- and long-term health out-
comes, including neonatal weights, perinatal mortality,
hypertension, obesity, and life expectancy. Ideally, life-
time cohorts or time series studies, repeated at regular
time points (e.g., 5-year intervals) with dietary intakes
reported during and post pregnancy, in conjunction with
an assessment of maternal and infant health outcomes are
required. This will determine whether maternal intake
patterns during pregnancy are changing over time and
whether there is any impact on health outcomes. Without
this, diet and outcome data will rapidly become outdated.
There is a need for additional studies reporting dietary
intake in the first trimester, as evidence suggests the first
trimester may be the most significant for developmental
programming"*®; moreover, current intake data have been
reported predominantly in the second and third trimes-
ters. Due to the uniqueness of each trimester, studies that
report single, summarized dietary data across the entire
pregnancy are less useful. Therefore, it is recommended
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that future studies collect gestational information and
segregate dietary information by trimester. Large gaps in
the research were also identified in low-SES populations
as well as in adolescent and older populations of pregnant
women. It is further recommended that authors report
demographic and social data on confounding factors that
may influence dietary intake during pregnancy, such as
ethnicity, SES, antenatal smoking, and parity, to enable
accurate interpretation of results.

Differences in energy and macronutrient intakes
were found within the same geographical region when
different dietary assessment tools were used. When
assessing dietary intake, the methodology chosen is
important because the use of tools that are validated in
the population under study will increase the validity and
reliability of the dietary data. WFRs that comprise 4 or
more days of dietary data and include one weekend day
are recommended for small-to-medium sample sizes.
Although WFRs have been reported to be the gold stan-
dard method for assessing actual dietary intake,' they
are not always practical for the population due to the
burden placed on the subjects; hence, estimated diet
records using standard household measures should be
considered. The FFQ is a retrospective method designed
to collect data on usual intakes over an extended period of
time and have a low participant and analytic burden,
while enabling efficient dietary intake assessment of large
sample sizes.””” When choosing an FFQ for use during
pregnancy, it is important to use a tool validated in a
similar population group and to collect dietary intake for
the previous 1 to 3 months. This will maximize its accu-
racy by reducing the confounding factor of trimester.

The strengths of this review include the large, inter-
national scope and the comprehensive evaluation of
the methodological quality of the studies included. The
review is further strengthened by the development of and
adherence to an evidence-based protocol. The systematic
search without date limits identified a large body of lit-
erature that underwent strict critical appraisal of dietary
assessment methods and study quality to ensure that only
reliable dietary values were evaluated in the results. Valid-
ity was increased by excluding negative quality studies
and by weighting statistical analyses by sample size to
account for smaller, nonrepresentative samples at each
time point. The inclusion of minority groups within each
country in this meta-analysis has considered the multi-
cultural nature of populations in developed countries.

One limitation is that demographic and social data
were not published in many studies, and the lack of such
data may confound data on dietary intake during preg-
nancy. This reduced the number of studies as well as the
sample size of analyses involving SES and the capacity to
examine the influence of other confounding factors on
dietary intake during pregnancy. The limited number of
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studies that reported dietary data in nationally represen-
tative pregnant populations (4 studies) prevented an
assessment of changes in dietary patterns over time. Data
were not presented because the validity of these analyses
was compromised due to the lack of multiple data points
over time from the same representative sample. Further-
more, the meta-analysis of all data points did not provide
an even spread of data for each geographical region. This,
however, is an important finding of this review. There was
inconsistency among many European countries and UK
trading partners in their definitions of fiber and methods
of analysis. For comparison, a fiber value of 18.0 g based
on the Englyst method is similar to a fiber value of 24.0 g
using the method of the Association of Official Agricul-
tural Chemists International (AOAC). The majority of
studies included in this review did not report the fiber
analysis method used, so caution is required when inter-
preting these values. Lastly, observational studies are
largely susceptible to the effects of chance, bias, and con-
founding, while dietary methodology attracts the poten-
tial for response bias and measurement error. These
effects were minimized by the rigorous critical appraisal
of dietary assessment methodology and study quality
conducted independently by two reviewers.

CONCLUSION

Diet in pregnancy has commonly been reported in non-
representative pregnant populations from developed
countries. However, large discrepancies in dietary data
collection methods were present and many studies failed
to report sufficient data on demographic and social
factors that often confound dietary values. Results indi-
cate that energy and macronutrient recommendations do
not match with reported intakes of pregnant women.
Energy and fiber intakes were consistently lower than
recommendations, total fat and saturated fat intakes were
generally above recommendations, and carbohydrate and
PUFA intakes were either lower or borderline low com-
pared to recommendations. The implications of current
dietary practices and dietary recommendations are cur-
rently unknown until further research compares mater-
nal diet to short-term and long-term health outcomes.

Acknowledgments

The authors thank Dr. Patrick McElduft of the University
of Newcastle, Australia, for his advice and guidance with
the statistical analyses. All authors helped design the
study and directed its implementation, including quality
assurance and control. MB worked on the statistical
analyses and was responsible for the project’s implemen-
tation, including the preparation of the manuscript. All

333

9T0Z ‘ST Jequieidas uo 1sanb Aq /Bio'sfeuinolpioxo'smeinaiuonLinuy//:dny wouy papeojumoq


http://nutritionreviews.oxfordjournals.org/

authors have made a significant contribution to the
research and the development of the manuscript.

Funding. This work was supported by a PhD scholarship
provided by the University of Newcastle and the New-
castle Permanent Charitable Foundation, New South
Wales, Australia (MB). CEC is supported by a National
Health and Medical Research Council Career Develop-
ment Award.

Declaration of interest. The authors have no relevant
interests to declare.

20.

21.

22.

23.

24,

25.

334

REFERENCES

Barker DJ, Winter PD, Osmond C, etal. Weight in infancy and death from
ischaemic heart disease. Lancet. 1989;2:577-580.

Abu-Saad K, Fraser D. Maternal nutrition and birth outcomes. Epidemiol Rev.
2010;32:5-25.

Fall C. Maternal nutrition: effects on health in the next generation. Indian J Med
Res. 2009;130:593-599.

King JC. Maternal obesity, metabolism, and pregnancy outcomes. Annu Rev
Nutr. 2006;26:271-291.

Kind KL, Moore VM, Davies MJ. Diet around conception and during pregnancy
- effects on fetal and neonatal outcomes. Reprod Biomed Online. 2006;12:532—
541.

Zeisel SH. Is maternal diet supplementation beneficial? Optimal development
of infant depends on mother’s diet. Am J Clin Nutr. 2009;89:5685-S687.

Rush D. Maternal nutrition and perinatal survival. Nutr Rev. 2001;59:315-326.
Armitage JA, Khan Y, Taylor PD, et al. Developmental programming of the
metabolic syndrome by maternal nutritional imbalances: how strong is the
evidence from experimental models in mammals? J Physiol. 2004;561:355-377.
McMillen IC, Robinson JS. Developmental origins of the metabolic syndrome:
prediction, plasticity and programming. Physiol Rev. 2005;85:571-633.
Langley-Evans SC. Intrauterine programming of hypertension in the rat: nutri-
ent interactions. Comp Biochem Physiol A Physiol. 1996;144:327-333.

Moore VM, Davies MJ, Willson KJ, etal. Dietary composition of pregnant
women is related to size of the baby at birth. J Nutr. 2004;134:1820-1826.
Godfrey K, Robinson S, Barker DJP, et al. Maternal nutrition in early and late
pregnancy in relation to placental and fetal growth. BMJ. 1996;312:410-414.
Shiell AW, Campbell-Brown M, Haselden S, et al. High-meat, low-carbohydrate
diet in pregnancy: relation to adult blood pressure in the offspring. Hyperten-
sion. 2001;38:1282-1288.

Barker DJP. Mothers, Babies and Health in Later Life. Edinburgh: Churchill Living-
stone; 1998.

Campbell D. How much do pregnant women need to eat - should we inter-
vene? Matern Child Nutr. 2007;3:71-73.

Kearney J. Food consumption trends and drivers. Philos Trans R Soc Lond B Biol
Sci. 2010;365:2793-2807.

Rogers |, Emmett P. Diet during pregnancy in a population of pregnant women
in South West England. Eur J Clin Nutr. 1998;52:246-250.

Siega-Riz AM, Haugen M, Meltzer HM, et al. Nutrient and food group intakes of
women with and without bulimia nervosa and binge eating disorder during
pregnancy. Am J Clin Nutr. 2008;87:1346-1355.

Olsen SF, Mikkelsen TB, Knudsen VK, et al. Data collected on maternal dietary
exposures in the Danish National Birth Cohort. Paediatr Perinat Epidemiol.
2007;21:76-86.

Cogswell ME, Perry GS, Schieve LA, et al. Obesity in women of childbearing age:
risks, prevention, and treatment. Prim Care Update Ob Gyns. 2001;8:89-105.
Helms E, Coulson CC, Galvin SL. Trends in weight gain during pregnancy: a
population study across 16 years in North Carolina. Am J Obstet Gynecol.
2006;194:e32-e34.

Schieve LA, Cogswell ME, Scanlon KS. Trends in pregnancy weight gain within
and outside ranges recommended by the Institute of Medicine in a WIC popu-
lation. Matern Child Health J. 1998;2:111-116.

Rhodes JC, Schoendorf KC, Parker JD. Contribution of excess weight gain during
pregnancy and macrosomia to the cesarean delivery rate, 1990-2000. Pediat-
rics. 2003;111:1181-1185.

Mathers CD, Loncar D. Projections of global mortality and burden of disease
from 2002 to 2030. PLoS Med. 2006;3:e442.

Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of observational studies in
epidemiology: a proposal for reporting. Meta-analysis Of Observational Studies
in Epidemiology (MOOSE) group. JAMA. 2000;283:2008-2012.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

The World Bank Group. Country and Lending Groups: High-Income OECD
Members. 2011; Available at: http://data.worldbank.org/about/country-
classifications/country-and-lending-groups#OECD_members. Accessed 12
March 2012.

Krulewitch CJ. Alcohol consumption during pregnancy. Annu Rev Nurs Res.
2005;23:101-134.

Serra-Majem L, Frost Andersen L, Henrique-Sanchez P, etal. Evaluating the
quality of dietary intake validation studies. Br J Nutr. 2009;102(Suppl 1):
$3-59.

Scientific Affairs and Research. ADA Evidence Analysis Manual: Steps in the ADA
Evidence Analysis Process. Chicago, USA: American Dietetic Association; 2008.
Murakami K, Miyake Y, Sasaki S, et al. Education, but not occupation or house-
hold income, is positively related to favorable dietary intake patterns in preg-
nant Japanese women: the Osaka Maternal and Child Health Study. Nutr Res.
2009;29:164-172.

Miyake Y, Sasaki S, Tanaka K, et al. Fish and fat intake and prevalence of allergic
rhinitis in Japanese females: the Osaka Maternal and Child Health Study. J Am
Coll Nutr. 2007;26:279-287.

Tanaka K, Miyake Y, Sasaki S, et al. Relationship between intake of vegetables,
fruit, and grains and the prevalence of tooth loss in Japanese women. J Nutr Sci
Vitaminol (Tokyo) 2007;53:522-528.

Alberti-Fidanza A, Parizkova J, Fruttini D. Relationship between mothers’ and
newborns’ nutritional and blood lipid variables. Eur J Clin Nutr. 1995;49:289-
298.

Alberti-Fidanza A, Di Renzo GC, Burini G, et al. Diet during pregnancy and total
antioxidant capacity in maternal and umbilical cord blood. J Matern Fetal Neo-
natal Med. 2002;12:59-63.

Baer HJ, Blum RE, Rockett HRH, et al. Use of a food frequency questionnaire in
American Indian and Caucasian pregnant women: a validation study. BMC
Public Health. 2005;5:135.

Carbone P, Sobreviela M, Jimenez D, et al. Hair zinc and dietary zinc intake
during pregnancy and puerperium. Eur J Obstet Gynecol Reprod Biol. 1992;
47:103-108.

Doyle W, Crawford MA, Laurance BM, et al. Dietary survey during pregnancy in
a low socio-economic group. Hum Nutr Appl Nutr. 1982;36A:95-106.

Harley K, Eskenazi B, Block G. The association of time in the US and diet during
pregnancy in low-income women of Mexican descent. Paediatr Perinat Epide-
miol. 2005;19:125-134.

Johnson AA, Knight EM, Edwards CH, et al. Dietary intakes, anthropometric
measurements and pregnancy outcomes. J Nutr. 1994;124:5936-5942.
Mikode MS, White AA. Dietary assessment of middle-income pregnant women
during the first, second, and third trimesters. J Am Diet Assoc. 1994;94:196—
199.

Institute of Medicine. Dietary Reference Intakes for Energy, Carbohydrate, Fiber,
Fat, Fatty Acids, Cholesterol, Protein and Amino Acids. Washington, DC: National
Academies Press; 2005.

National Health and Medical Research Council. Nutrient Reference Values for
Australia and New Zealand. Canberra: Commonwealth of Australia; 2006.
World Health Organization. Diet, Nutrition and the Prevention of Chronic Dis-
eases. Report of a Joint WHO/FAO Expert Consultation. Geneva: WHO; 2003. WHO
Technical Report Series; 916.

Sasaki S. Dietary Reference Intakes (DRIs) in Japan. Asia Pac J Clin Nutr. 2008;
17:420-444.

Aaltonen J, OjalaT, Laitinen K, et al. Evidence of infant blood pressure program-
ming by maternal nutrition during pregnancy: a prospective randomized con-
trolled intervention study. J Pediatr. 2008;152:79-84.

Aden E, Johansson |, Haglin L. Energy and nutrients in self-reported diet before
and at week 18-22 of pregnancy. Scand J Food Nutr. 2007;51:67-73.

Al MDM, Badart-Smook A, Houwelingen ACV, et al. Fat intake of women during
normal pregnancy: relationship with maternal and neonatal essential fatty acid
status. J Am Coll Nutr. 1996;15:49-55.

Alvino G, Cozzi V, Radaelli T, et al. Maternal and fetal fatty acid profile in normal
and intrauterine growth restriction pregnancies with and without preeclamp-
sia. Pediatr Res. 2008;64:615-620.

Anderson AS, Lean ME. Dietary intake in pregnancy. A comparison between 49
Cambridgeshire women and current recommended intake. Hum Nutr Appl
Nutr. 1986;40:40-48.

Anderson AS, Lean ME, Pearson DW, et al. A comparison between the diets of
pregnant diabetic women and pregnant non-diabetic women. Diabet Med.
1990;7:452-456.

Anderson AS, Campbell D, Shepherd R. Nutrition knowledge, attitude to
healthier eating and dietary intake in pregnant compared to non-pregnant
women. J Hum Nutr Diet. 1993;6:335-353.

Andreasyan K, Ponsonby AL, Dwyer T, et al. Higher maternal dietary protein
intake in late pregnancy is associated with a lower infant ponderal index at
birth. Eur J Clin Nutr. 2007;61:498-508.

Arkkola T, Uusitalo U, Pietikainen M, et al. Dietary intake and use of dietary
supplements in relation to demographic variables among pregnant Finnish
women. Br J Nutr. 2006;96:913-920.

Nutrition Reviews® Vol. 70(6):322-336

9T0Z ‘ST Jequieidas uo 1sanb Aq /Bio'sfeuinolpioxo'smeinaiuonLinuy//:dny wouy papeojumoq


http://nutritionreviews.oxfordjournals.org/

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Bates JH, Young IS, Galway L, et al. Antioxidant status and lipid peroxidation in
diabetic pregnancy. Br J Nutr. 1997;78:523-532.

Black AE, Wiles SJ, Paul AA. The nutrient intakes of pregnant and lactating
mothers of good socio-economic status in Cambridge, UK: some implications
for recommended daily allowances of minor nutrients. Br J Nutr. 1986;56:59—
72.

Brown JE, Buzzard IM, Jacobs DR Jr, et al. A food frequency questionnaire can
detect pregnancy-related changes in diet. J Am Diet Assoc. 1996;96:262-266.
Chan GM, McElligott K, McNaught T, et al. Effects of dietary calcium interven-
tion on adolescent mothers and newborns: a randomized controlled trial.
Obstet Gynecol. 2006;108:565-571.

Clausen T, Slott M, Solvoll K, et al. High intake of energy, sucrose, and polyun-
saturated fatty acids is associated with increased risk of preeclampsia. Am J
Obstet Gynecol. 2001;185:451-458.

Denomme J, Stark KD, Holub BJ. Directly quantitated dietary (n-3) fatty acid
intakes of pregnant Canadian women are lower than current dietary recom-
mendations. J Nutr. 2005;135:206-211.

Derbyshire E, Davies J, Costarelli V, et al. Prepregnancy body mass index and
dietary intake in the first trimester of pregnancy. J Hum Nutr Diet. 2006;19:267—
273.

Drouillet P, Forhan A, De Lauzon-Guillain B, et al. Maternal fatty acid intake and
fetal growth: evidence for an association in overweight women. The “EDEN
mother-child” cohort (study of pre- and early postnatal determinants of the
child’s development and health). Br J Nutr. 2009;101:583-591.

English RM, Hitchcock A. Nutrient intakes during pregnancy, lactation and after
the cessation of lactation in a group of Australian women. Br J Nutr. 1968;
22:615-624.

Erkkola M, Karppinen M, Javanainen J, et al. Validity and reproducibility of a
food frequency questionnaire for pregnant Finnish women. Am J Epidemiol.
2001;154:466-476.

Ferguson SE, Smith GN, Salenieks ME, etal. Preterm premature rupture of
membranes. Nutritional and socioeconomic factors. Obstet Gynecol. 2002;100:
1250-1256.

Ford FA, Mouratidou T, Wademan SE, et al. Effect of the introduction of “Healthy
Start” on dietary behaviour during and after pregnancy: early results from the
“before and after” Sheffield study. Br J Nutr. 2009;101:1828-1836.

Frederick IO, Williams MA, Dashow E, et al. Dietary fiber, potassium, magnesium
and calcium in relation to the risk of preeclampsia. J Reprod Med. 2005;50:332—
344,

Giddens JB, Krug SK, Tsang RC, et al. Pregnant adolescent and adult women
have similarly low intakes of selected nutrients. J Am Diet Assoc. 2000;100:
1334-1340.

Henriksen C, Brunvand L, Stoltenberg C, et al. Diet and vitamin D status among
pregnant Pakistani women in Oslo. Eur J Clin Nutr. 1995;49:211-218.

Hure A, Young A, Smith R, et al. Diet and pregnancy status in Australian women.
Public Health Nutr. 2009;12:853-861.

Kuhnlein HV, Soueida R, Receveur O. Dietary nutrient profiles of Canadian
Baffin Island Inuit differ by food source, season, and age. J Am Diet Assoc.
1996;96:155-162.

Lagiou P, Tamimi RM, Mucci LA, et al. Diet during pregnancy in relation to
maternal weight gain and birth size. Eur J Clin Nutr. 2004;58:231-237.
Lenders CM, Hediger ML, Scholl TO, et al. Gestational age and infant size at birth
are associated with dietary sugar intake among pregnant adolescents. J Nutr.
1997;127:1113-1117.

Mathews F, Neil HAW. Nutrient intakes during pregnancy in a cohort of nullipa-
rous women. J Hum Nutr Diet. 1998;11:151-161.

Mito N, Takimoto H, Umegaki K, et al. Folate intakes and folate biomarker pro-
files of pregnant Japanese women in the first trimester. [published correction in
Eur J Clin Nutr. 2007;61:566]. Eur J Clin Nutr. 2007;61:83-90.

Mouratidou T, Ford F, Prountzou F, et al. Dietary assessment of a population of
pregnant women in Sheffield, UK. Br J Nutr. 2006;96:929-935.

Nagata C, Iwasa S, Shiraki M, et al. Association of maternal fat and alcohol
intake with maternal and umbilical hormone levels and birth weight. Cancer
Sci. 2007,98:869-873.

Nishijo M, Tawara K, Honda R, et al. Cadmium and nutritional intake in pregnant
Japanese women. Toxicol Lett. 2004;148:171-176.

Ong SP, Ryley J, Bashir T, etal. Nutrient intake and associated biochemical
status of pregnant Asians in the United Kingdom. Hum Nutr Appl Nutr.
1983;37:23-29.

Ortega RM, Gaspar MJ, Moreiras O. Dietary assessment of a pregnant Spanish
women group. Int J Vitam Nutr Res. 1994;64:130-134.

Otto SJ, van Houwelingen AC, Badart-Smook A, et al. Changes in the maternal
essential fatty acid profile during early pregnancy and the relation of the profile
to diet. Am J Clin Nutr. 2001;73:302-307.

Pick ME, Edwards M, Moreau D, et al. Assessment of diet quality in pregnant
women using the Healthy Eating Index. J Am Diet Assoc. 2005;105:240-246.
Scaife AR, McNeill G, Campbell DM, et al. Maternal intake of antioxidant vita-
mins in pregnancy in relation to maternal and fetal plasma levels at delivery. Br
J Nutr. 2006;95:771-778.

Nutrition Reviews® Vol. 70(6):322-336

83.

84.

85.

86.

87.

88.

89.

90.

9.

92.

93.

94,

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Schulpis KH, Gavrili S, Vlachos G, etal. The effect of nutritional habits on
maternal-neonatal lipid and lipoprotein serum levels in three different ethnic
groups. Ann Nutr Metab. 2006;50:290-296.

Schwarz KB, Cox J, Sharma S, et al. Cigarette smoking is pro-oxidant in pregnant
women regardless of antioxidant nutrient intake. J Nutr Environ Med. 1995;
5:225-234.

Sekine Y, Matsunaga N, Kokaze A, et al. Effects of nutrient and food intake on
calcaneous bone mass among healthy Japanese women in the predelivery and
postpartum periods. J Womens Health (Larchmt) 2003;12:643-654.

Siega-Riz AM, Bodnar LM, Savitz DA. What are pregnant women eating? Nutri-
ent and food group differences by race. Am J Obstet Gynecol. 2002;186:480—
486.

Skinner JD, Carruth BR, Pope J, etal. Food and nutrient intake of white,
pregnant adolescents. J Am Diet Assoc. 1992;92:1127-1129.

Skinner JD, Carruth BR. Dietary quality of pregnant and nonpregnant adoles-
cents. J Am Diet Assoc. 1991,91:718-720.

Smithells RW, Ankers C, Carver ME, et al. Maternal nutrition in early pregnancy.
Br J Nutr. 1977;38:497-506.

Steegers EA, Van Lakwijk HP, Jongsma HW, et al. (Patho)physiological implica-
tions of chronic dietary sodium restriction during pregnancy; a longitudinal
prospective randomized study. Br J Obstet Gynaecol. 1991;98:980-987.

West Suitor CJ, Gardner J, Willett WC. A comparison of food frequency and diet
recall methods in studies of nutrient intake of low-income pregnant women.
J Am Diet Assoc. 1989;89:1786-1794.

Swensen AR, Harnack LJ, Ross JA. Nutritional assessment of pregnant women
enrolled in the Special Supplemental Program for Women, Infants, and Children
(WIC). J Am Diet Assoc. 2001;101:903-908.

Thomas B, Ghebremeskel K, Lowy C, et al. Nutrient intake of women with and
without gestational diabetes with a specific focus on fatty acids. Nutrition.
2006;22:230-236.

Tovar A, Must A, Bermudez O, et al. The impact of gestational weight gain and
diet on abnormal glucose tolerance during pregnancy in Hispanic women.[er-
ratum appears in Matern Child Health J. 2009;13:434]. Matern Child Health J.
2009;13:520-530.

Turner RE, Langkamp-Henken B, Littell RC, et al. Comparing nutrient intake
from food to the estimated average requirements shows middle- to upper-
income pregnant women lack iron and possibly magnesium [see comment].
J Am Diet Assoc. 2003;103:461-466.

Watson PE, McDonald BW. Major influences on nutrient intake in pregnant New
Zealand women. Matern Child Health J. 2009;13:695-706.

Watts V, Rockett H, Baer H, etal. Assessing diet quality in a population of
low-income pregnant women: a comparison between Native Americans and
whites. Matern Child Health J. 2007;11:127-136.

Widga AC, Lewis NM. Defined, in-home, prenatal nutrition intervention for
low-income women. J Am Diet Assoc. 1999;99:1058-1062.

Pinto E, Barros H, dos Santos Silva I. Dietary intake and nutritional adequacy
prior to conception and during pregnancy: a follow-up study in the north of
Portugal. Public Health Nutr. 2008;12:922-931.

Wijendran V, Bendel RB, Couch SC, et al. Maternal plasma phospholipid poly-
unsaturated fatty acids in pregnancy with and without gestational diabetes
mellitus: relations with maternal factors [see comment]. Am J Clin Nutr.
1999;70:53-61.

Fowles ER, Murphey C, Ruiz RJ. Exploring relationships among psychosocial
status, dietary quality, and measures of placental development during the first
trimester in low-income women. Biol Res Nurs. 2011;13:70-79.

Talai Rad N, Ritterath C, Siegmund T, et al. Longitudinal analysis of changes in
energy intake and macronutrient composition during pregnancy and 6 weeks
post-partum. Arch Gynecol Obstet. 2011;283:185-190.

Hennessy MD, Volpe SL, Sammel MD, et al. Skipping meals and less walking
among African Americans diagnosed with preterm labor. J Nurs Scholarsh.
2010;42:147-155.

Antonakou A, Panou |, Matalas AL. Greek women’s diet during pregnancy:
preliminary results of a research study. Rev Clin Pharmacol Pharmacokinet.
2010;24:41-48.

Bo S, Menato G, Lezo A, etal. Dietary fat and gestational hyperglycaemia.
Diabetologia 2001;44:972-978.

Conway R, Reddy S, Davies J. Dietary restraint and weight gain during preg-
nancy. Eur J Clin Nutr. 1999;53:849-853.

Cuco G, Arija V, Iranzo R, et al. Association of maternal protein intake before
conception and throughout pregnancy with birth weight. Acta Obstet Gynecol
Scand. 2006;85:413-421.

De Vriese SR, De Henauw S, De Backer G, et al. Estimation of dietary fat intake of
Belgian pregnant women. Comparison of two methods. Ann Nutr Metab.
2001;45:273-278.

Dibblee L, Graham TE. A longitudinal study of changes in aerobic fitness, body
composition, and energy intake in primigravid patients. Am J Obstet Gynecol.
1983;147:908-914.

Fung EB, Ritchie LD, Woodhouse LR, et al. Zinc absorption in women during
pregnancy and lactation: a longitudinal study. Am J Clin Nutr. 1997;66:80-88.

335

9T0Z ‘ST Jequieidas uo 1sanb Aq /Bio'sfeuinolpioxo'smeinaiuonLinuy//:dny wouy papeojumoq


http://nutritionreviews.oxfordjournals.org/

11,

112.

113.

114.

115.

116.

17.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

336

Gale CR, Jiang B, Robinson SM, etal. Maternal diet during pregnancy and
carotid intima-media thickness in children. Arterioscler Thromb Vasc Biol.
2006;26:1877-1882.

Haste FM, Brooke OG, Anderson HR, et al. Nutrient intakes during pregnancy:
observations on the influence of smoking and social class. Am J Clin Nutr.
1990;51:29-36.

Jansson N, Nilsfelt A, Gellerstedt M, et al. Maternal hormones linking maternal
body mass index and dietary intake to birth weight. Am J Clin Nutr. 2008;
87:1743-1749.

Martin A, O'Sullivan AJ, Brown MA. Body composition and energy metabolism
in pregnancy. Aust N Z J Obstet Gynaecol. 2001;41:217-223.
McKenzie-Parnell JM, Wilson PD, Parnell WR, et al. Nutrient intake of Dunedin
women during pregnancy. N Z Med J. 1993;106:273-276.

Piirainen T, Isolauri E, Lagstrom H, et al. Impact of dietary counselling on nutri-
ent intake during pregnancy: a prospective cohort study. Br J Nutr. 2006;96:
1095-1104.

Rifas-Shiman SL, Rich-Edwards JW, Willett WC, et al. Changes in dietary intake
from the first to the second trimester of pregnancy. Paediatr Perinat Epidemiol.
2006;20:35-42.

Stark KD, Beblo S, Murthy M, et al. Comparison of bloodstream fatty acid com-
position from African-American women at gestation, delivery, and postpartum.
J Lipid Res. 2005;46:516-525.

Takimoto H, Mito N, Umegaki K, et al. Relationship between dietary folate
intakes, maternal plasma total homocysteine and B-vitamins during pregnancy
and fetal growth in Japan. Eur J Nutr. 2007;46:300-306.

Trygg K, Lund-Larsen K, Sandstad B, et al. Do pregnant smokers eat differently
from pregnant non-smokers? Paediatr Perinat Epidemiol. 1995;9:307-319.
FAO. FAO Food and Nutrition Technical Report Series 1. Human Energy Require-
ments. Report of a Joint FAO/WHO/UNO Expert Consultation. Rome: Food and
Agriculture Organization of the United Nations, 2004.

Wright JD, Wang CY, Kennedy-Stephenson J, et al. Dietary Intake of Ten Key
Nutrients for Public Health, United States: 1999-2000. Hyattsville, MD: National
Center for Health Statistics; 2003:1-4. Advance Data from Vital and Health
Statistics, No. 334.

Henderson L, Gregory J, Irving K, et al. The National Diet and Nutrition Survey:
adults aged 19 to 64 years. Vol. 2: Energy, protein, carbohydrate, fat and alcohol
intake. London: The Stationery Office; 2003.

Australian Bureau of Statistics. National Nutrition Survey Nutrient Intakes and
Physical Measurements, Australia, 1995. Canberra: Commonwealth of Australia;
1998.

National Institute of Health and Nutrition. Outline for the Results of the National
Health and Nutrition Survey Japan, 2007. Tokyo: Ministry of Health, Labour and
Welfare; 2007.

Elmadfa |, Weichselbaum E, eds. European nutrition and health report 2004:
energy and nutrient intake in the European Union.Vol. 58. Basel: Karger; 2005:19—
46.

McGowan CA, McAuliffe FM. The influence of maternal glycaemia and dietary
glycaemic index on pregnancy outcome in healthy mothers. Br J Nutr. 2010;
104:153-159.

Monasta L, Batty GD, Cattaneo A, et al. Early-life determinants of overweight
and obesity: a review of systematic reviews. Obes Rev. 2010;11:695-708.

New Zealand Ministry of Health. NZ Food: NZ People: Key Results of the 1997
National Nutrition Survey. Wellington: LINZ Activity and Health Research Unit,
University of Otago; 1999.

130. Prentice AM, Goldberg GR. Energy adaptations in human pregnancy: limits
and long-term consequences. Am J Clin Nutr. 2000;71(Suppl 5):51226-
$1232.

131.  Goldberg G. Nutrition in pregnancy and lactation. In: Shetty P, ed. Nutrition
through the Life Cycle. Surrey, UK: Leatherhead Publishing; 2002:63-90.

132.  Dufour DL, Reina JC, Spurr G. Energy intake and expenditure of free-living,
pregnant Colombian women in an urban setting. Am J Clin Nutr. 1999;70:269-
276.

133.  Forsum E, Lof M. Energy metabolism during human pregnancy. Annu Rev Nutr.
2007;27:277-292.

134.  New Zealand Ministry of Health. Food and Nutrition Guidelines for Healthy Preg-
nant and Breastfeeding Women: a Background Paper. Wellington: New Zealand
Ministry of Health; 2006.

135.  Cullen G, O’'Donoghue D. Constipation and pregnancy. Best Pract Res Clin Gas-
troenterol. 2007;21:807-818. doi:10.1016/j.bpg.2007.05.005.

136. GalganiJ, Ravussin E. Energy metabolism, fuel selection and body weight regu-
lation. Int J Obes (Lond) 2008;32:5109-5119.

137.  Acheson KJ. Carbohydrate for weight and metabolic control: where do we
stand? Nutrition. 2010;26:141-145.

138. Wu G, Bazer FW, Cudd TA, etal. Maternal nutrition and fetal development.
J Nutr. 2004;134:2169-2172.

139.  Willett W. Nutritional Epidemiology. 2nd ed. New York: Oxford University Press;
1998.

SUPPORTING INFORMATION

The following supporting information is available for this
article online:

Table S1 Characteristics of the studies included in the
review.

Figure S1 Daily energy intake during pregnancy in each
geographical region, as reported by dietary methodol-
ogy. Data collected from 1961 to 2009.

Figure S2 Daily macronutrient intake during preg-
nancy in each geographical region, as reported by
dietary methodology. Data collected from 1961 to 2009.

Please note: Wiley-Blackwell is not responsible for the
content or functionality of any supporting materials sup-
plied by the authors. Any queries (other than missing
material) should be directed to the corresponding author
of the article.

Nutrition Reviews® Vol. 70(6):322-336

9T0Z ‘ST Jequieidas uo 1sanb Aq /Bio'sfeuinolpioxo'smeinaiuonLinuy//:dny wouy papeojumoq


http://nutritionreviews.oxfordjournals.org/

