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Abstract

Developmental adaptations due to early nutritional exposures may have permanent health consequences. Studies of diet and fetal size

have mainly focused on individual nutrients despite evidence that the pattern of food consumption may be of significance. Hence, we

evaluated the associations of dietary habits in early pregnancy (gestational age , 18 weeks) with fetal size, uteroplacental vascular resist-

ance, placental weight and birth weight in a prospective observational study of 3207 Caucasian pregnant mothers in Rotterdam, the

Netherlands. Participants completed a semiquantitative FFQ during early pregnancy. Logistic regression analysis was used to predict the

occurrence of intra-uterine growth retardation at birth as a function of food intake. The derived solution was considered as the dietary

pattern. As it was characterised by higher intakes of fruit, vegetables, vegetable oil, fish, pasta and rice, and lower intakes of meat, potatoes

and fatty sauces, it was labelled the ‘Mediterranean’ diet. The degree of adherence to the diet was positively associated with plasma folate

and serum vitamin B12 concentrations and showed an inverse relationship with homocysteine and high-sensitivity C-reactive protein

plasma concentrations (P , 0·05). Important fetal size and placental parameters were associated with the degree of adherence to the

diet, revealing a 72 g lower birth weight (95 % CI 2110·8, 233·3) and a 15 g lower placental weight (95 % CI 229·8, 20·2) for women

with low adherence to the diet. To conclude, low adherence to a Mediterranean diet in early pregnancy seems associated with decreased

intra-uterine size with a lower placental and a lower birth weight.
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Fetal growth is an important determinant of future health and

development. Increasing evidence suggests that environmen-

tal exposures, acting at different stages of fetal development,

can cause permanent developmental adaptations that may

affect the physiology of various organ systems, leading to

fetal growth retardation and increased risk of chronic diseases

in later life(1,2). Maternal nutrition has been recognised as one

of the most important extraneous stimuli influencing fetal

growth and development.

During the past years, the identification of dietary patterns

through data-driven methods has increasingly gained interest.

The first studies have shown significant associations between

dietary patterns and pregnancy complications(3–5). In this

respect, dietary patterns have also been related to biomarker

concentrations in blood that are known to be important

intermediates for placental and fetal growth and development,

including folate and high-sensitivity C-reactive protein

(Hs-CRP)(3,6).

Except for one study on birth weight, used as proxy for fetal

growth, we are unaware of studies investigating the relationship

between dietary intake in early pregnancy and growth

adaptations during fetal life(7). Therefore, we aimed to examine

the associations of maternal diet with uteroplacental vascular

resistance, placental weight, fetal size and birth weight.

*Corresponding author: Dr S. Timmermans, fax þ31 10 7036815, email s.timmermans@erasmusmc.nl

Abbreviations: Hs-CRP, high-sensitivity C-reactive protein; IUGR, intra-uterine growth restriction; SDS, standard deviation score; tHcy, homocysteine.
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Methods

Subjects

The present study was embedded in the Generation R Study,

a population-based cohort study, from early pregnancy

onwards(8,9). Between 2001 and 2006, pregnant women

living in Rotterdam, the Netherlands were invited to take

part in the study. The present analysis was restricted to prena-

tally enrolled Dutch women with a spontaneously conceived

live-born singleton pregnancy (n 3207; Fig. 1). The study

was conducted following the World Medical Association

Declaration of Helsinki(10). Approval was obtained from the

Medical Ethics Committee of the Erasmus Medical Center

Rotterdam, the Netherlands. Every participant provided

written informed consent.

Dietary assessment

Nutritional intake was assessed at enrolment (median 13·5

(interquartile range 3·4) weeks) using a modified version of

the validated semiquantitative FFQ of Klipstein-Grobusch

et al.(11). This FFQ covers food intake over the preceding 3

months. The FFQ consists of 293 items structured to meal

pattern. Questions included consumption frequency, portion

size preparation method and additions. Portion sizes were

estimated using household measures and photographs(12).

To calculate the average daily nutritional values, the Dutch

Food Composition Table 2006 was used(13).

Fetal and placental parameters

Fetal ultrasound measurements plus medical records were

used to obtain information about the outcome variables:

fetal size until birth, placental weight, placental resistance

and birth weight. Ultrasound measurements were used to

establish gestational age in early pregnancy (gestational

age , 18 weeks) and to assess fetal biometry, including

head circumference, abdominal circumference, femur length

and estimated fetal weight in mid-pregnancy (gestational age

18–25 weeks) and late pregnancy (gestational age $ 25

weeks). As described previously, these ultrasound measure-

ments were used to construct growth charts and gestational

age-adjusted standard deviation scores (SDS)(14). The intra-

and inter-observer reproducibility scores of the ultrasound

measurements have also been described before(15). Using

these growth charts, we defined intra-uterine growth restric-

tion (IUGR) as a gestational age-adjusted birth weight below

percentile-2·3 in the study cohort (SDS , 22·0). Finally, uter-

oplacental resistance, measured by colour Doppler, was

assessed by the Umbilical artery pulsatility index and the

Uterine artery resistance index in late pregnancy.

Biochemical analysis

In early pregnancy, venous blood serum and plasma samples

were drawn and stored at 2808C(8). Plasma folate, homocys-

teine (tHcy) and Hs-CRP, and serum vitamin B12 concen-

trations were analysed using a microparticle-enhanced

immunoassay on the Architect system (Abbott Diagnostics

B.V.) at the Department of Clinical Chemistry of the Erasmus

Medical Center Rotterdam in 2008. The between-run CV

were 8·9 % at 5·6 nmol/l, 2·5 % at 16·6 nmol/l and 1·5 % at

33·6 nmol/l (folate); 3·1 % at 7·6mmol/l, 3·1 % at 13·7mmol/l

and 2·1 % at 26·1mmol/l (tHcy); 0·9 % at 12·8 mg/l and 1·3 %

at 39·3 mg/l (Hs-CRP); and lastly, 3·6 % at 148 pmol/l, 2·7 %

at 295 pmol/l and 3·1 % at 590 pmol/l (vitamin B12). Biomarker

concentrations were available in 78 % of the study population

(n 2519). No differences in nutritional intake were observed

between women with and without biomarker concentrations

(P ¼ 0·76).

Assessment of other variables

Data on maternal age, education, parity, periconception folic

acid use, vomiting during the first trimester and maternal

comorbidity (defined as the occurrence of chronic hyperten-

sion/heart disease/diabetes/high cholesterol/thyroid disease/

systemic lupus erythematosus) were available from a ques-

tionnaire administered in the first trimester. Education was

assessed by the highest completed education of the mother

and classified as (1) low education; (2) middle education;

(3) high education(16). Information on smoking was obtained

by self-administered questionnaires sent in the first, second

and third trimesters. Smoking at enrolment was assessed in

the first questionnaire by asking each mother whether she

smoked during pregnancy (no smoking; first trimester only

smoking; still smoking). This questionnaire was sent to all

mothers, regardless of the gestational age at enrolment. To

assess smoking habits in the second and third trimesters, the

mothers were asked whether they smoked during the past 2

months (yes/no), in the second and third questionnaires.

Mothers who reported in the first questionnaire that they

smoked in the first trimester only, but still reported smoking

in the second or third questionnaire, were reclassified

into the ‘continued smoking’ category. The same strategy

was used for mothers who reported no smoking in the first

questionnaire, but reported smoking in the second or third

n 3207 eligible for present study

n 256 excluded because of
fertility treatment, twin
pregnancy, termination of
pregnancy, intra-uterine fetal
death, loss to follow-up

n 8880 enrolled during the prenatal
phase of

Generation R Study

n 4057 Dutch ethnicity

n 3733 filled out FFQ before 24
weeks gestation

n 270 excluded due to
incompleteness of FFQ

Fig. 1. Flow chart of the study population.
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Table 1. Associations between food groups and the degree of adherence to the Mediterranean diet

(Correlation coefficients, medians and interquartile ranges)

Adherence to the Mediterranean diet

Total (n 3207) Low adherence (n 1070) Medium adherence (n 1069) High adherence (n 1068)

Food group r Median* Interquartile range Median* Interquartile range Median* Interquartile range Median* Interquartile range

Pasta, rice 0·61 46·1 27·0–70·5 28·5 15·5–44·8 44·0 29·1–60·4 74·2 51·6–99·7
Bread 0·33 133·6 101·1–166·9 112·5 83·3–144·9 137·4 104·9–167·8 151·3 117·4–181·4
Vegetable oil 0·29 6·1 3·2–9·7 4·4 2·0–7·8 5·9 3·3–9·2 7·7 4·8–11·5
Fish 0·26 10·9 5·5–19·0 8·9 1·6–15·7 10·6 4·9–19·1 15·8 8·8–21·6
Alcoholic drinks 0·23 0·9 0–8·5 0·6 0–6·1 1·0 0–8·0 6·0 0·1–21·6
Vegetables 0·22 147·1 108·9–189·2 131·8 96·4–172·7 142·1 108·9–182·7 164·4 128·1–203·2
Fruit 0·18 186·7 120·9–242·4 167·1 99·7–219·3 190·5 126·1–246·0 200·0 139·9–272·0
Breakfast cereals 0·09 5·2 1·2–19·6 4·0 0·4–15·0 5·7 1·6–21·2 5·8 1·5–20·9
Soya and diet products 0·07 0·1 0–0·4 0·1 0–0·3 0·1 0–0·4 0·1 0–0·7
Margarine 0·06 18·3 7·5–28·7 16·6 6·8–26·8 18·4 8·2–29·3 19·6 7·0–30·1
Sweets 0·0 97·2 71·2–128·9 97·8 69·8–129·3 98·1 72·3–131·2 96·1 70·7–127·2
Butter 20·02 0·4 0–1·3 0·4 0–1·4 0·4 0–1·3 0·3 0–1·1
Dairy products 20·03 455·5 315·4–601·2 465·0 308·4–616·4 462·3 319·4–602·7 441·9 316·6–586·9
Non-alcoholic drinks 20·03 1359·5 1002·4–1780·0 1394·4 1002·4–1881·6 1343·5 994·8–1734·6 1342·8 1009·9–1733·8
Soup 20·03 45·7 20·5–94·9 48·0 21·3–103·1 44·8 21·4–90·1 44·4 19·2–91·7
Starches and wheat 20·04 0·7 0–8·6 0·9 0–8·6 0·7 0–8·8 0·6 0–8·6
Legumes 20·09 1·1 0·1–7·5 2·5 0·2–8·1 1·2 0·1–7·3 0·6 0–7·3
Eggs 20·11 9·7 6·2–14·4 10·9 6·6–15·8 9·5 6·3–13·8 9·1 5·8–13·5
Potatoes 20·26 51·6 29·1–79·1 65·7 38·1–96·1 50·2 29·9–78·3 41·6 22·9–64·2
Meat 20·30 84·8 59·5–110·3 98·4 74·2–123·6 83·5 62·0–105·6 72·5 47·8–98·3
Sauces and condiments 20·36 26·7 18·0–37·2 33·8 23·7–46·5 25·9 17·8–35·9 21·8 14·8–30·0

r, Spearman’s rank correlation coefficient.
* Median daily intake in g/d adjusted for energy intake.
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questionnaire(17). At enrolment, maternal height and weight

were measured to calculate BMI (kg/m2). Information on

fertility treatment, sex of infant and pregnancy outcome was

obtained from midwives and obstetricians.

Statistical analysis

Logistic regression analysis was used to predict the occurrence

of IUGR (yes/no (0/1)) as a function of food intake. To arrive

at the logistic regression solution, the 293 food items were first

reduced to twenty-one predefined food groups(3). Sub-

sequently, since food consumption is usually highly corre-

lated, we calculated energy-adjusted food group intakes

using the regression residual method(18). Then, logistic

regression analysis was performed to identify the dietary

pattern predicting IUGR. In this study, the probability for

IUGR seemed to express adherence to a Mediterranean-like

diet. Hence, here we call the logistic regression solution:

Table 2. Baseline characteristics*

(Mean values and standard deviations; medians and interquartile ranges; percentages)

Mediterranean diet

Low adherence (n 1070) Medium adherence (n 1068) High adherence (n 1069) P

Mean maternal age (years) ,0·001
Mean 30·2 31·5 32·3
SD 4·8 4·2 3·7

BMI (kg/m2) ,0·001
Median 23·9 23·3 22·8
Interquartile range 21·8–26·9 21·6–25·7 21·3–25·0

Education (%)
Low 6·5 2·0 0·7 ,0·001
Medium 55·0 34·1 22·7
High 37·9 63·5 76·0
Missing 0·6 0·5 0·6

Parity (%)
0 60·9 60·6 58·9 0·280

$ 1 39·1 39·2 41·1
Missing 0 0·2 0

Smoking (%)
Yes, still 25·1 10·6 9·4 ,0·001
Yes, stopped 8·2 8·7 8·2
No 60·0 73·8 75·9
Missing 6·6 6·9 8·2

Folic acid use (%)
No 12·7 7·7 6·8 ,0·001
Yes, postconception start 27·0 28·5 28·5
Yes, preconception start 43·1 46·2 49·5
Missing 17·2 17·7 15·2

Vomiting (%)
Severe 16·2 13·4 9·1 ,0·001
Moderate 20·7 19·6 20·3
No 55·7 59·7 63·6
Missing 7·4 7·3 7·0

Comorbidity (%)
Yes 7·0 4·5 4·9 ,0·025
No 94·0 88·9 88·3
Missing 6·0 6·6 6·8

Male sex (%) 50·5 49·5 51·7 0·596
IUGR (%) 4·7 1·8 1·7 ,0·001
PI arteria umbilicalis 0·005

Mean 0·99 0·98 0·96
SD 0·20 0·16 0·15

RI arteria uterina 0·043
Mean 0·49 0·47 0·48
SD 0·18 0·08 0·08

Placental weight (g) 0·022
Mean 629·5 648·2 646·6
SD 143·8 148·9 148·3

Gestational age (weeks) 0·056
Median 40·1 40·3 40·3
Interquartile range 39·0–40·9 39·3–41·1 39·3–41·1

Birth weight (g) ,0·001
Mean 3424·3 3514·4 3521·7
SD 566·1 557·9 536·7

IUGR, intra-uterine growth restriction; PI, pulsatility index; RI, resistance index.
* ANOVA and x 2 test tested overall differences in baseline characteristics between the three dietary pattern categories.
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‘adherence to the Mediterranean diet’. For reasons of interpret-

ability, all women were categorised into equal tertiles based

on their probability score for the diet, namely: (1) low adher-

ence; (2) medium adherence; (3) high adherence. To test

differences in baseline characteristics between the three diet

adherence categories, the ANOVA and x 2 test were used.

We assumed that nutrition affects growth processes under-

lying IUGR in a comparable manner as fetal and placental

growth. Therefore, linear regression was used to assess

cross-sectional differences between the diet adherence cat-

egories in (1) fetal size characteristics and (2) placental

parameters. In the multiple regression analyses, the inclusion

of confounding variables was based on earlier literature, and

determined a priori. These were maternal age, parity,

education, height, weight, smoking, folic acid use, vomiting,

comorbidity, sex and gestational age. Potential confounders

were selected if the effect estimates changed $ 10 % in

exploratory analyses. By using this approach, vomiting and

comorbidity were not included into the final multiple

analyses. Missing data on the missing covariables BMI

(0·4 %), educational level (0·5 %), parity (0·1 %), smoking

(6·7 %), folic acid use (16·7 %), vomiting (7·2 %) and comorbid-

ity (6·4 %) were completed using the Markov Chain Monte

Carlo multiple imputation technique(19). Overall, five

completed data sets were created. Subsequently, multiple

regression analyses were performed separately on each

completed data set and thereafter combined to one pooled

estimate(20).

Lastly, effect modification was tested by multiplying the

personal diet scores with the covariables educational level,

parity, smoking, BMI and periconception folic acid use. If

P,0·10 was fulfilled, then multiple linear regression analyses

were performed in the strata of that specific determinant.

The statistical software package SPSS 17.0 (SPSS, Inc.) was

used for data analyses.

Results

The identified Mediterranean diet was characterised by

higher intakes of pasta, rice, vegetable oils, fish, vegetables

and alcohol, and lower intakes of meat, potatoes and fatty

sauces (r $ 0·20; Table 1).

Maternal characteristics associated with low adherence to

the diet were younger maternal age, higher BMI, lower

educational level, a lower frequency of folic acid use, and

continued smoking (Table 2).

Lower folate and vitamin B12 concentrations were observed

among women with low adherence to the diet (Table 3). Low

adherence was also associated with higher tHcy and Hs-CRP

concentrations. Compared to women with high adherence,

women with a low adherence had a higher percentage of

energy derived from fat and a lower ratio of unsaturated-to-

saturated lipids. These women also consumed relatively

Table 3. Biomarker concentrations and nutrient intakes

(Medians and interquartile ranges)

Mediterranean diet

Low adherence Medium adherence High adherence

Median Interquartile range Median Interquartile range Median Interquartile range

Biomarker concentrations
n 847 837 836
Folate (nmol/l) 18·2 11·5–25·4 18·8 12·7–25·4 20·0 13·5–26·8
tHcy (mmol/l) 7·1 6·2–8·3 7·0 6·1–8·0 7·0 6·1–7·8
Vitamin B12 (pmol/l) 168·5 128·3–225·0 178·0 133·0–234·5 180·0 141·0–244·3
Hs-CRP (mg/l) 4·8 2·6–8·4 4·1 2·2–7·9 3·6 2·0–6·3

Energy and macronutrients
n 1070 1068 1069
Energy (kJ/d) 8969·7 7689·0–10 523·2 8817·0 7292·0–10 266·8 8968·7 7320·6–10 631·9
Fat (% of energy) 37·0 32·2–39·1 36·5 32·6–39·9 35·8 33·1–40·6
Total fat (g/d)* 80·2 69·7–84·7 79·0 70·7–86·5 77·6 71·6–88·0
Saturated lipids (g/d)* 30·0 24·9–31·3 28·9 25·7–32·3 28·0 26·5–33·4
Monounsaturated lipids (g/d)* 28·7 24·7–31·4 28·3 25·0–31·7 28·0 25·6–32·4
Polyunsaturated lipids (g/d)* 17·8 14·8–21·5 18·3 15·1–21·8 18·2 14·8–21·3
Linoleic acid (g/d)* 14·2 11·9–17·8 14·8 12·0–17·9 14·7 11·5–17·1
Cholesterol (mg/d)* 176·1 128·6–181·9 160·3 134·6–189·4 154·7 146·9–209·2
Ratio unsaturated lipids:saturated lipids 1·5 1·4–1·9 1·6 1·4–1·9 1·7 1·4–1·8
Protein (% of energy) 14·5 13·7–16·5 14·9 13·4–16·4 15·1 12·9–16·1
Total protein (g/d)* 71·8 68·1–81·2 73·1 66·5–80·5 74·6 63·9–79·2
Vegetable protein (g/d)* 25·1 27·4–33·2 28·5 25·4–31·2 30·1 21·9–28·6
Animal protein (g/d)* 45·5 36·7–51·3 44·4 38·0–52·1 44·4 39·0–53·4
Carbohydrate (% of energy) 48·2 44·9–52·4 48·3 44·4–52·3 48·4 43·8–52·4
Total carbohydrate (g/d)* 233·9 218·2–255·2 235·0 216·1–254·9 234·5 213·5–255·6
Carbohydrate monosaccharides (g/d)* 135·9 103·6–139·7 127·5 109·3–148·9 121·2 114·3–157·9
Carbohydrate polymers (g/d)* 95·7 101·6–123·2 104·6 94·6–115·8 111·7 84·4–107·9
Fibre (g/d)* 19·2 20·5–26·4 21·8 18·9–24·6 23·3 16·3–22·2

tHcy, homocysteine; Hs-CRP, high-sensitivity C-reactive protein.
* Adjusted for energy intake.
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Table 4. Associations between the degree of adherence to the Mediterranean diet and placental parameters*

(Regression coefficients and 95 % confidence intervals)

Placental weight Pulsatility index umbilical artery Resistance index uterine artery

Crude† Adjusted‡ Crude† Adjusted‡ Crude† Adjusted‡

Mediterranean diet b 95 % CI b 95 % CI b 95 % CI b 95 % CI b 95 % CI b 95 % CI

Low adherence 212·2 226·5, 2·1 215·0 229·8, 20·2 0·02 0·01, 0·04 0·01 20·00, 0·03 0·01 0·00, 0·03 0·01 20·00, 0·03
Medium adherence 1·1 213·1, 15·2 20·78 214·9, 13·3 0·02 0·00, 0·03 20·01 0·01, 20·02 20·00 20·02, 0·01 0·02 20·00, 0·03
High adherence Reference Reference Reference Reference Reference Reference
Linear trend analyses

b 179·2 20·28 20·09
95 % CI 28·7, 329·8 20·46, 20·10 20·24, 0·06

b, Regression coefficient.
* Results from linear regression analyses. All presented values reflect the difference in grams for placental weight, or the difference in resistance/pulsatility index in late pregnancy, compared to the reference category ‘high adher-

ence’. Linear trend analyses reflect the change in placental weight in grams, or the change in the resistance/pulsatility index per unit (factor score) change. Uteroplacental resistance/pulsatility index analyses are based on,
respectively, 2613 Umbilical artery Doppler measurements and 1956 Uterine artery Doppler measurements.

† Adjusted for gestational age.
‡ Additionally adjusted for maternal age, height, weight, parity, sex, education, smoking and folic acid use.

Table 5. Associations between the degree of adherence to the Mediterranean diet and fetal size characteristics*

(Regression coefficients and 95 % confidence intervals)

SDS head circumference SDS abdominal circumference SDS femur length SDS estimated fetal weight

Crude† Adjusted‡ Crude† Adjusted‡ Crude† Adjusted‡ Crude† Adjusted‡

Mediterranean diet b 95 % CI b 95 % CI b 95 % CI b 95 % CI b 95 % CI b 95 % CI b 95 % CI b 95 % CI

Mid-pregnancy
Low adherence 20·02 20·11, 0·07 0·01 20·09, 0·10 20·08 20·16, 0·01 20·05 20·14, 0·04 0·11 0·02, 0·19 0·07 20·02, 0·16 20·00 20·09, 0·09 20·01 20·09, 20·08
Medium adherence 20·00 20·09, 0·09 0·01 20·08, 0·10 20·04 20·13, 0·05 20·03 20·12, 0·06 0·05 20·04, 0·13 0·02 20·06, 0·11 0·01 20·08, 0·09 0·08 20·08, 0·09
High adherence Reference Reference Reference Reference Reference Reference Reference Reference
Linear trend analyses
b 0·73 1·07 21·07 0·19
95 % CI 20·19, 1·66 0·18, 2·25 21·96, 20·19 20·70, 1·10

Late-pregnancy
Low adherence 20·11 20·20, 20·02 20·08 20·17, 0·01 20·16 20·24, 20·07 20·16 20·25, 20·07 0·01 20·08, 0·09 0·01 20·08, 0·09 20·10 20·19, 20·02 20·11 20·20, 20·02
Medium adherence 20·04 20·12, 0·05 20·03 20·12, 0·05 20·05 20·14, 0·03 20·06 20·15, 0·03 0·01 20·07, 0·10 0·00 20·08, 0·08 20·08 20·17, 0·01 20·07 20·16, 0·02
High adherence Reference Reference Reference Reference Reference Reference Reference Reference
Linear trend analyses
b 1·34 1·71 0·21 1·25
95 % CI 0·43, 2·25 0·80, 2·62 20·66, 1·10 0·33, 2·17

SDS, standard deviation score; b, regression coefficient.
* Results from linear regression analyses. All presented values reflect the difference in gestational-age-adjusted SDS of each growth charateristic, compared to reference category ‘high adherence’. Linear trend analyses reflect the

change in gestational-age-adjusted SDS of each growth charateristic per unit (factor score) change. Analyses are based on, respectively, 3138 head circumference meaurements, 3139 abdominal circumference measurements
and 3136 femur length measurements in mid-pregnancy; and 3111 head circumference measurements, 3136 abdominal circumference measurements and 3145 femur length measurements in late pregnancy.

† Adjusted for gestational age.
‡ Additionally adjusted for maternal age, height, weight, parity, sex, education, smoking and folic acid use.
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lower amounts of vegetable protein, carbohydrate polymers

and fibre.

Low adherence to the Mediterranean diet was associated

with a 15 g lower placental weight compared to women

with high adherence to the diet (95% CI 229·8, 20·2; Table 4).

A similar trend with respect to uteroplacental vascular resist-

ance was observed (per unit (factor score) change: 20·28

pulsatility index change (95 % CI 20·46, 20·10).

Low adherence to the Mediterranean diet was associated

with smaller abdominal circumference in late pregnancy

(difference in SDS ¼ 20·16, 95% CI 20·25, 20·07; Table 5).

A similar, but not significantly, trend towards a smaller head

circumference in late pregnancy was also observed for

women with a low adherence (difference in SDS ¼ 20·08,

95 % CI 20·17, 0·01).

Table 5 and Fig. 2 show the differences in the SDS of

estimated fetal weight and birth weight between the three

diet categories. Low adherence to the Mediterranean diet

was associated with reduced fetal size from late-pregnancy

onwards (difference in SDS at 30 weeks ¼ 20·11, 95 % CI

20·20, 20·02). This difference became more pronounced at

birth, revealing a 72 g lower birth weight in infants of

women with low adherence to the Mediterranean diet (differ-

ence in grams at birth ¼ 272·0, 95 % CI 2110·8, 233·3) and

difference in SDS at birth ¼ 20·21, 95 % CI 20·30, 20·12).

Medium adherence was also significantly associated with

reduced birth weight (difference in grams at birth ¼ 258·0,

95 % CI 295·8, 220·3) and difference in SDS at

birth ¼ 20·16, 95 % CI 20·24, 20·07). These values are

adjusted for potential confounders.

Educational level and smoking modified the associations

between the Mediterranean diet and birth weight (both inter-

action terms P , 0·10). Compared to high-educated women

with high adherence, low adherence to the diet was associated

with a 131 g lower birth weight (95 % CI 2180·9, 281·2)

among middle-educated women, and a 160 g lower birth

weight among low-educated women (95 % CI 2271·4,

250·2; Fig. 3). Compared to non-smoking women with high

adherence to the Mediterranean diet, smoking during preg-

nancy combined with high adherence was associated with a

66 g lower birth weight (95 % CI 2130·6, 22·5). In contrast,

birth weight was approximately 214 g lower in women who

continued to smoke during pregnancy with low adherence

to the diet (95 % CI 2269·3, 2159·6). No further significant

effect of modification on the additive scale was observed for

parity, BMI and folic acid use (all interaction terms P . 0·10).

Discussion

To our knowledge, this is one of the first studies to examine

the relationship between dietary habits in early pregnancy

and fetal and placental growth during intra-uterine life.

Degree of adherence to a Mediterranean-like diet is signifi-

cantly associated with intra-uterine growth parameters

revealing a higher birth weight and placental weight for

women with strong adherence to the diet.

The use of dietary pattern analysis has been commonly

accepted as it provides essential and complementary insights

into overall dietary behaviour. The major challenge remains

to establish a quantitative method to identify eating patterns

that are associated with disease risk. First, similar to the con-

ventional principal component factor extraction technique,

logistic regression is an alternative method to extract direc-

tions, i.e. combinations of variables. However, in logistic

regression analysis, the directions are selected based on their

ability to predict a binary response variable(21). Multicollinear-

ity is not considered as a threat to the validity of the solution

because here, only mild correlations were observed between

the food groups (range of variance inflation factors 1·03–

2·03). Second, as we only used the method to predict, it is

highly unlikely that this will have caused a problem. Also,

the results were cross-validated within a random subgroup
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Fig. 2. Associations between the degree of adherence to the Mediterranean diet and estimated fetal weight and birth weight. Results from linear regression ana-

lyses. Values reflect the differences in gestational age-adjusted standard deviation scores of estimated fetal weight/birth weight in mid-pregnancy (n 3133

measurements), and late pregnancy (n 3121 measurements), and at birth (n 3195 measurements) for fetuses/infants of women with low or medium adherence to

the Mediterranean diet, relative to fetuses of women with high adherence (reference). All presented values are adjusted for maternal age, height, weight, parity,

sex, education, smoking, and folic acid use
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providing comparable solutions. Next, the addition or deletion

of one or two food groups did not affect the general pattern of

findings much. Nevertheless, we also performed a convention-

al principal component analysis that resulted in eight relevant

factors of which the first factor, showing the best similarities

with the dietary pattern identified with the logistic regression

solution, was associated with IUGR with an OR of 0·829

(95 % CI 0·731, 0·941). The correlation between this first

factor and the score from the logistic regression solution was

r 20·38. (Table S1, supplementary material for this article

can be found at http://www.journals.cambridge.org/bjn). As

the outcome (IUGR) was dichotomous (yes/no (0/1)),

reduced rank regression was not applied since this method

is used for multiple continuous outcomes.

Nutritional studies are always prone to some bias, including

imprecise measurement of nutritional intake. Several studies

compared the results of dietary pattern analysis using FFQ

with those using weighted dietary records, and observed no

differences(22). Moreover, in prospective studies, with the

exposure measured before occurrence of the outcome, impre-

cise measurement of nutritional intake is likely to be random.

Another limitation is the potential for residual confounding.

Although we attempted to account for this by restricting to

an ethnic homogeneous population and by controlling for a

large number of confounders, we cannot rule out that residual

confounding occured(23). Thus, our findings should be viewed

with care. Lastly, nutritional intake was assessed in early preg-

nancy because of evidence that the trajectory of fetal growth
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Fig. 3. Associations between use of the degree of adherence to the Mediterranean diet and birth weight, stratified by (a) education and (b) smoking. Results from

linear regression analyses stratified per dietary adherence/educational level; dietary adherence/smoking habits. Values are regression coefficients (95 % CI) and

reflect the difference in birth weight in grams, compared with reference. All values are adjusted for maternal age, height, weight, parity, sex, folic acid use, edu-

cation (only analysis regarding smoking), and smoking (only analysis regarding education).
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and development is set at this stage(1,2). It could be argued that

nutritional intake differs throughout pregnancy. However,

Cucó et al.(24) investigated dietary patterns during different

pregnancy periods and observed no significant differences

over time.

Over the past years, the Mediterranean diet has gained con-

siderable attention for its positive health effects. There is no

single Mediterranean diet. However, dietary patterns that pre-

vail in the Mediterranean region share common characteristics

including high intakes of vegetables and vegetables oil, moder-

ate amounts of fish, poultry and alcohol, and relatively low con-

sumptions of meat(25). Adherence to the Mediterranean-like

diet in our study was reflected by relatively high amounts of

vegetable protein, carbohydrate polymers, fibre, and a favour-

able ratio of unsaturated:saturated lipids. Increasing concen-

trations of the biomarkers folate and vitamin B12, and

decreasing tHcy concentrations further validated adherence to

the diet(26). These biomarker concentrations partly represent a

mother’s dietary intake as they also depend on lifestyle, genetic

factors, and endocrine- and metabolic functions(23).

The B-vitamins folate and vitamin B12 serve as substrates

and cofactors in several pathways of cellular processes,

including cell multiplication, apoptosis and intracellular sig-

nalling(27). These processes can also be affected by saturated

fats, trans-fatty acids and cholesterol(28). For this reason,

adherence to a dietary pattern characterised by relatively

high concentrations of these B-vitamins and a favourable

lipid profile is likely to influence intra-uterine growth. The

results of this study are comparable with our previous findings

on folic acid use in relation to infant low birth weight(29). The

results are further supported by another study showing that

the use of a dietary pattern rich in vegetables, fruit, poultry

and fish was associated with a 25 % reduced risk of IUGR,

as compared to a dietary pattern rich in meat, dairy products,

snacks and potatoes(7). It is noteworthy that this latter study

primarily focused on birth weight as a proxy for fetal

growth. Yet, birth weight is the end-point of different

growth patterns determined by multiple constitutional and

environmental factors. Studying fetal size trajectories may

better distinguish growth-restricted from constitutionally

small infants.

Both restricted and accelerated fetal growth have been

linked with alterations in placental development and func-

tion(30). In the present study, women with low adherence to

the Mediterranean diet did not only have smaller placentas

but also tended towards higher uteroplacental vascular resist-

ance. This seems biologically plausible since early placenta-

tion is characterised by vascular remodelling, increased

inflammation, oxidative stress and rapid cell division(31,32).

In both pregnant and non-pregnant populations, these

processes have been linked to nutrients associated with the

Mediterranean dietary pattern, including folate, n-3 fatty

acids and antioxidant vitamins(6,33). Moreover, comparable

dietary patterns have been demonstrated to reduce markers

of inflammation and endothelial dysfunction, including

C-reactive protein and E-selectin(6,33,34). Low concentrations

of antioxidant vitamins, Mg and fibre may underlie these bio-

logical processes.

The Mediterranean diet is an important source of methyl

donors. Differences in quantitative methylation may affect

genes implicated in placental and fetal size. Our results might

also suggest that fetal and placental programming can be

affected by use of the Mediterranean dietary pattern in early

pregnancy(2). This is supported by recent findings that pericon-

ception folic acid use is associated with epigenetic changes in

the insulin-like growth factor 2 gene in the child, thereby poten-

tially affecting intra-uterine programming(35). This could also

apply to our results, suggesting thatmaternal dietmay cause epi-

genetic modifications in the embryo, resulting in altered growth

patterns. However, at this moment, these underlying mechan-

isms are just starting to be explored in humans.

Finally, the association between the degree of adherence to

the Mediterranean diet and birth weight differed according to

educational level. The relationship between socio-economic

status and birth weight has been well established(23,36). In gen-

eral, low-educated women practise a less healthy lifestyle(37).

It is conceivable that poor dietary habits of low-educated

women exacerbated the potential harmful effects of other

unhealthy behaviours on fetal size. In this respect, we also

reported on the modifying effect of smoking in this study

sample. Previously, Jaddoe et al.(17) showed that smoking

during pregnancy impaired fetal size. Smoking during preg-

nancy has also been reported to induce morphological and

functional changes in the placenta leading to a reduction in

fetal–placental blood flow(38). We recently observed that

smoking modified the effect of folic acid use on first trimester

growth(39). This could suggest a significant role for folate in

our observed associations.

In conclusion, the degree of adherence to the Mediterra-

nean diet is associated with several features of intra-uterine

growth resulting in a lower placental weight and a lower

birth weight for women with a low adherence. These results

substantiate the importance of the Mediterranean diet and

suggest the need for more attention and awareness in preg-

nancy. Further research is warranted to study the effects of

dietary patterns and their interference on underlying epige-

netic mechanisms and subsequent consequences for postnatal

growth and future health.
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