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Abstract
Objective: The objective was to evaluate maternal Mediterranean diet (MD) pattern
adherence during pregnancy and its association with small for gestational age (SGA)
and preterm birth. A secondary objective of the current study was to describe the
sociodemographic, lifestyle and obstetric profile of the mothers studied as well
as the most relevant paternal and newborn characteristics.
Design: The current study is a two-phase retrospective population-based study of
maternal dietary habits during pregnancy and their effect on newborn size and
prematurity. The descriptive first phase examined maternal dietary habits during
pregnancy along with the maternal sociodemographic, lifestyle and obstetric
profile in a cross-sectional period study. In the second phase, newborn outcomes
were evaluated in a nested case–control study. Adherence to MD during pregnancy
was measured with the Spanish version of Kidmed index.
Setting: Obstetrics ward of the La Fe Hospital in Valencia.
Participants: All mother–child pairs admitted after delivery during a 12-month
period starting from January 2018 were assessed for eligibility. A total of 1118
provided complete outcome data after signing informed consent.
Results: 14·5 %met the criteria of poor adherence (PA); 34·8 %, medium adherence
(MA); and 50·7 %, optimal adherence (OA). Medium adherence to MD was
associated in the adjusted scenarios with a higher risk of giving birth to a preterm
newborn. No association was found between MD adherence and SGA.
Conclusions: Early intervention programmes geared towards pregnant women,
where women were aided in reaching OA to MD, might reduce the risk of preterm
newborn.
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Maternal nutrition is considered one of the most impor-
tant and modifiable lifestyle factors influencing fetal
growth and development during pregnancy, as it plays
an important role in providing the necessary energy
and nutrients for fetal growth(1–3). Inadequate maternal
nutrition could be a factor associated with preterm birth
and low birth weight(4). Adequate maternal nutritional
status is essential to the health of the mother and the
child, as it influences fetal nutrition and endocrine status
during pregnancy(5).

Despite its popularity within the scientific commu-
nity and the population at large, there is no single
Mediterranean diet (MD) concept(6). MD is a dietary pat-
tern characterised by increased consumption of mainly
season-fresh unprocessed foods, including plant foods
such as fruits and vegetables, pulses, nuts, whole-grain
cereals and bread(7–12). Meat consumption is limited to
a few times a month, and there is a higher consumption
of lamb, rabbit poultry and fish, while eggs are consumed
few days a week(7–12). Dairy (mainly derived from sheep
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or goat milk) consumption in the form of cheese and
yoghurt is abundant, but milk consumption is lower than
the present levels(7–12). Low consumption of animal fats,
sugars and salt and moderate wine consumption are also
characteristics of the traditional MD pattern(7–12). Olive
oil remains a distinctive dietary element of MD, and it
may be the only food common to all Mediterranean coun-
tries and peoples(12). The American Dietary Guidelines
highlight the positive effect of MD on health and recommend
it because it is a source of essential nutrients and useful in the
prevention of diseases(13).

The effects of adherence to MD during the gestational
period have been previously described(14) and associated
with lower weight gain during pregnancy(5,15,16) and lower
risk of miscarriage(17–19), preterm birth(5,20–24), hyperten-
sive disorders(25) or gestational diabetes(26,27). Adherence
to MD has also been associated with a lower risk of
congenital malformations(28,29), intra-uterine growth
restriction(15,20,21,23,24,30–32) and long-term effects such
as better bone quality(33,34), a lower risk of atopy(35,36)

and/or abdominal obesity in children(20,21,23,24,37).
Preterm birth is one of the leading causes of neonatal

mortality and morbidity, accounting for nearly 35 % of all
neonatal deaths in the United States(38), and can have
serious long-term consequences(39–42). The incidence
of preterm birth has remained close to 11 % and with
an uncertain aetiology(43). Maternal nutrition during
pregnancy, as mentioned previously, has an important
role in providing the necessary nutrients for fetal
growth(44). Maternal dietary nutrient intake has not been
studied extensively in relation to preterm birth(45,46).
However, previous studies have suggested that certain
maternal nutrient intakes may be associated with prema-
turity as well as low birth weight(47,48).

Birth weight is considered the main determinant of
perinatal morbidity and mortality(49), both in the short
and long term(1,30). The concept of small-for-gestational-
age (SGA) infants takes into account birth weight, gesta-
tional age and sex(50). Maternal risk factors associated with
SGA can be sociodemographic variables, chronic diseases,
risk factors during pregnancy and maternal lifestyle risk
factors(51). Some factors that are known to increase the risk
of SGA are short stature, low weight, Indian or Asian eth-
nicity, nulliparity, mothers born SGA, cigarette smoking,
cocaine use, maternal history of chronic hypertension,
renal disease, anti-phospholipid syndrome and malaria(51).
Maternal smoking is the single most important risk factor
for SGA in developed countries(51). It is significantly cor-
related with SGA, and while it affects the fetus during all
stages of pregnancy, the most significant effect on the
birth weight of offspring occurs during late pregnancy,
especially in the case of mothers who are heavy smokers
(>8–10 cigarettes per d)(52). An inverse correlation between
birth weight and number of cigarettes smoked per day
has also been found(52). Maternal nutrition is recognised
as one of the main determinants of fetal growth(1,30) and

determines the metabolic patterns of both mother and
child(1,30,53–55). Restricted fetal growth is associated with
an increased risk of childhood morbidity and chronic dis-
eases during adulthood such as respiratory infections, dia-
betes mellitus, obesity, CVD and psychiatric disorders(56,57).

Traditionally, nutritional assessment in pregnant women
is performed by analysing caloric intake and intake of
specific foods along with micro- and macronutrients(58,59).
Most studies published to date that evaluated diet during
pregnancy have focused on the association between indi-
vidual foods or nutrients and fetal growth(60). The foods or
nutrients associated with a lower risk of SGA and prematu-
rity are diverse depending on the study considered(61–65).
However, nutrition is a multidimensional exposure, and
foods, micro- and macronutrients are not consumed in iso-
lation(66). For this reason, the effect of diet as a whole or as a
dietary pattern should be evaluated. Interactions between
foods and nutrients could be overlooked if maternal diet
is not assessed as awhole(67), hence there is a growing inter-
est in the study of dietary patterns during pregnancy(1,20,59).
Studies focusing on dietary patterns, unlike those focusing
on single foods and nutrients, examined the effects of a
combination of foods and allowed for interactions between
nutrients(68,69). Given this, dietary pattern studies may
provide more useful information than an isolated food or
nutrient studies.

The main objective of the current study was to evaluate
maternal MD adherence during pregnancy and its associa-
tionwith SGA and preterm birth outcomes and their impact.
A secondary objective of the current study was to describe
the sociodemographic, lifestyle and obstetric profiles of the
mothers studied as well as the most relevant paternal and
newborn characteristics according to diet adherence.

Materials and methods

Study design
The current study is a two-phase retrospective population-
based study of maternal dietary habits during pregnancy
and their effects on newborn size and prematurity. The
descriptive first phase examined maternal dietary habits
duringpregnancy alongwith thematernal sociodemographic,
lifestyle and obstetric profiles in a cross-sectional period
study. In the second phase, newborn outcomes were
evaluated in a nested case–control study.

In the descriptive phase, the characteristics of both
parents, clinical and obstetric history of the mother, data
related to gestation and delivery, and data on the state of
the newborn were analysed. In the analytical phase, the
data collected was assessed in relation to mothers’ adher-
ence to MD and the possible association with prematurity
and newborn weight.

Level of adherence to MD was the exposure variable,
which was assessed using the sixteen-item Kidmed
questionnaire(6). Women were classified into three
groups, depending on Kidmex scores: ≥8 optimal (OA);
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4–7 medium (MA) and ≤3 poor (PA) adherence(6). Infor-
mation corresponding to these three groups was obtained
before classification, ensuring the homogeneity of the
sample and its representativeness as much as possible.

Study population
All mother–child pairs admitted after delivery at the obstet-
rics ward of the La Fe Hospital in Valencia during a
12-month period starting from January 2018 were assessed
for eligibility (n 5208). Mother–child pairs were excluded in
a first filter if they did not belong to the health coverage area
of this hospital; access to complete clinical records of preg-
nancy and birth was not available; the mother had a diag-
nosis of a chronic disease and/or she was not available for
interview.Other factors such asmultiple births were no rea-
son for exclusion, and the mothers presenting these factors
were included. These and other possible confounding fac-
tors were taken into account during data analysis. A total of
1446 mothers were subsequently invited to participate.
Signed consent was not given by 217 women, and a further
111 women were excluded due to the data corresponding
to the newborn were not made available to be consulted
and/or the mother’s responses were inconsistent or incom-
plete. At the end, 1118 provided complete outcome data
after signing consent (a participation rate of 77·3 %).
Figure 1 details the subject selection process.

Information collected
Data were collected via a review of mothers’ and new-
borns’ clinical records and complemented by a later
direct and personal interview with the mothers. Medical
students trained by dietitians conducted the interviews,
and the questionnaires were revised by these dietitians.
Information on mother’s age, country of origin, education,
marital status, employment status during pregnancy, mater-
nal physical activity, maternal diseases, parity and mothers’
cigarette exposure, drug use, alcohol use, coffee intake,
caffeine drinks, prenatal vitamins use, dairy products intake
during breakfast and daily dairy intake was collected.
Weight and height of both parents were taken from clinical
records, and BMI was calculated for both parents. Obstetric
and neonatal data were obtained from clinical records.

Adherence assessment
Nutritional assessment was carried out using the Spanish
version of Kidmed index, which was developed to quickly
and easily assess the degree of adherence to MD(6). The
development of Kidmed index was based on the principles
sustaining MD patterns as well as those that undermine it(6).
The index ranged from 0 to 12 and was based on a sixteen-
question test that could be self-administered or conducted
during an interview(6). Foods positively associated with the
MD pattern, such as vegetables, legumes, fruits, nuts, cer-
eal, fish, dairy products and olive oil, were assigned a value
of þ1, whereas foods with a negative association such as
sweets and fast foods were assigned a value of –1 (Fig. 2).
TheKidmed test has been successfully used in numerous pre-
vious studies(6,14,70–75) and is a simple and quick way to assess
MD adherence in situationswhere the use of several day-long
food journals or extensive FFQ may not be appropriate or
practical, as is the present case.

Parental data
Data on lifestyle, dietary habits, sociodemographic and
anthropometric characteristics of both parents were col-
lected. The value used for pre-pregnancy weight was the
last record available before pregnancy confirmation, and

Women excluded due to not belonging to the 
coverage area and/or having a diagnosed 
chronic illness and/or being unavailable to 

the interviewers  

n 3762 

Women invited to participate 

n 1446 

Women excluded due to lack of consent 

n 217 

Women in the study population during the 
sampling period 

n 5208 

Women who gave consent and were finally
included  

n 1118 

Women excluded due to data corresponding 
to the characteristics of the newborn not 

available and/or inconsistent or incomplete 
responses 

n 111 

Fig. 1 Selection of subjects

+1 Takes a fruit or fruit juice every day
Has a second fruit every day
Has fresh or cooked vegetables regularly once a day
Has fresh or cooked vegetables more than once a day
Consumes fish regularly (at least 2–3 times per week)

Takes sweets and candy several times every day
Takes two yoghurts and/or some cheese (40 g) daily

Has a dairy product for breakfast (yoghurt, milk, etc.)
Has commercially baked goods or pastries for breakfast

Skips breakfast
Uses olive oil at home
Consumes nuts regularly (at least 2–3 times per week)
Has cereals or grains (bread, etc.) for breakfast
Consumes pasta or rice almost every day (5 or more times per week)
Likes pulses and eats them more than once a week
Goes more than once a week to a fast-food (hamburger)restaurant

+1
+1
+1
+1
–1
+1
+1
+1
+1
+1

+1
–1

–1
+1
–1

Fig. 2 Kidmed test to assess the Mediterranean diet quality(68)
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all were dated within the 1 year previous to pregnancy.
Total maternal weight gain was taken from clinical
records. The interview included a section dedicated to
the level of physical activity in leisure time, and another
to determine the level of activity during working hours.
The first section considered four possible levels of activ-
ity, to each of which a score was attributed, from 0 to 3 as
follows:

• 0 – no exercise
• 1 – light physical activity (e.g. walking or gentle

gymnastics at least one time per week)
• 2 –moderate physical activity (e.g. gymnastics, athletics,

swimming, cycling at least two times per week)
• 3 – sports training (at least three times per week)

In relation to physical activity during working hours, similar
levels were considered with the following scores:

• 0 – sitting most of the day
• 1 – standing most of the day, without making large

displacements or efforts
• 2 – walking, carrying some weight, making frequent

trips
• 3 – performing tasks that require a great physical effort

Total physical activity was calculated as the sum of the
halves of the scores awarded in both sections. However,
for those women who did not work during pregnancy,
the free-time exercise accounted for the total of the exercise
performed.

Clinical and obstetric historical data of the mother,
including data differentiating between primigravida and
multigravida women and primiparous and multiparous
women, were collected. Information on the number of pre-
vious miscarriages was also collected.

Newborn’s data
Information relating to newborns was collected both via
interviews and from a review of clinical records. Data
included sex and anthropometric values such as weight,
height and cephalic perimeter. Newborns were classified as
SGA when birth weight was below the 10th percentile(50,76)

comparedwith that expected for the same sex and gestational
age according to the Spanish standards(77,78), or as LGAwhen
birth weight was above the 90th percentile(76). Percentiles
were calculated using the Gestational Calculator v2017.4
developed by BCNatal (Centre Medicina Maternofetal i
Neonatal de Barcelona of the Hospital Clínic i Provincial
de Barcelona), which takes into consideration birth weight,
gestational age, sex and if the pregnancy single or multiple.
Information on birth complications and admission to a
neonatal care unit or a neonatal intensive care unit was
collected. Apgar scores, heart rate, muscle tone, reflexes
and skin colour were recorded(79–81) along with the results
of a gasometric analysis (pH, PO2, PCO2) on arterial and

venous blood of the umbilical cord, which was systemati-
cally performed by the participating hospital.

Statistical analysis
Adherence to MD was the primary exposure of interest.
For the descriptive part of the study, the outcome of
interest was the sociodemographic, lifestyle and obstet-
ric profiles of the mothers and the characteristics of the
newborn with special attention being paid to newborn
size or prematurity. Normality of distribution was assessed
using the Kolmogrov–Smirnov and Shapiro–Wilk tests for
the sample as a whole and within each adherence group
individually. For quantitative variables, an ANOVA was
used for the comparison of different variables in the levels
of adherence to maternal MD, while the χ2 test was used
for qualitative variables. With adherence to MD as the inde-
pendent variable, an analysis to determine the presence
of statistically significant differences among the study var-
iables was performed.

With the results obtained in the descriptive phase, a
nested case–control study was carried out in a second
phase to evaluate SGA v. normal for gestational age
and preterm v. term birth depending on the level of adher-
ence to MD (OA v. MA and OA v. PA). The association
between adherence to MD and the outcome of interest
taking confounders into account was evaluated using
multivariate logistic regression models. Apart from crude
OR, four adjustedmodels – one that includes adjustments
for all the variables identified as statistically significantly
different between the adherence groups and others with
different combinations of these variables identified as
potential confounding factors –were created. OR, adjusted
OR (aOR) and 95 % CI were calculated assuming a 0·05
significance level.

To determine the relationship between adherence to
MD and the risk of giving birth to an SGA or preterm new-
born, OR was calculated using binary logistic regression
models. A conditional multiple logistic regression model
was used to obtain aOR in order to account for the effects
of several potential confounders simultaneously, using dif-
ferent models in relation with the characteristics identified
as significantly different between the adherence groups.
The CI applied in all cases was 95 %.

All analyses were performed using IBM SPSS Statistics
22 software, considering P < 0·05 as significance level.

Results

Lifestyle and sociodemographic characteristics of the par-
ticipants are shown in Table 1. Table 1 presents the degree
of adherence to MD among the 1118 pregnant women
included in the current study: 14·5 % (n 162) met the criteria
of PA, 34·8 % (n 389) met the criteria of MA and 50·7 %
(n 567) met the criteria of OA. The overall mean Kidmed
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score was 7·25 ± 2·40 with a median of 8 and a non-normal
distribution displaced to higher values. The mean score of
the OA group was 9·18 ± 0·98 with a median of 9 and a
range between 8 and 12 and a non-normal distribution dis-
placed to lower values. The mean score of the MA group
was 5·81 ± 0·81 with a median of 6 and a range between
4 and 7 and a non-normal distribution displaced to higher
values. The mean score of the PA group was 2·13 ± 1·19
with a median of 3 and a range between –2 and 3 and a
non-normal distribution displaced to lower values.

In the PA group, the women were significantly younger
with 46·3 % being under 30 years compared with 28·2 % in
the MA group and 18·3 % in the OA group. There were sig-
nificant differences in marital status and nationality. Those
with better adherence were more likely to be married. In
the OA group, women of African origin were overrepre-
sented compared with the other two groups. Participants
with PA were significantly less educated, 38·2 % of PA
had no or primary studies v. 19·5 % in the MA group and

11·8 % in the OA group. Pregnant women with PA were
significantly less physically active, less employed and
more likely to smoke before and during pregnancy. No
differences were observed in maternal drug and alcohol
use during pregnancy.

Table 1 also shows the maternal dietary habits accord-
ing to their adherence to MD. No significant differences
were observed for the intake of coffee, tea or chocolate.
Caffeinated drinks were consumed more by the PA group.
Significant differences were found in folic acid supplement
use and Fe supplement use, observing a lower intake in
the PA group. No significant differences appeared in the
use of prenatal vitamins.

In the current study, statistically significant differences
were found for the following maternal anthropometric
values: pre-pregnancy weight, pre-pregnancy BMI, weight
at delivery, BMI at delivery, but not for weight gained
during pregnancy. No differences were found in paternal
anthropometric values (Table 2).

Table 1 Maternal sociodemographic data and dietary habits (n 1118 pregnant women)

Poor
adherence to MD
(n 162, 14·5%)

Medium
adherence to MD
(n 389, 34·8%)

Optimal
adherence to MD
(n 567, 50·7%)

P-value*n/mean %/SD n/mean %/SD n/mean %/SD

Maternal age (years) (P= 0·001) 26·49 6·36 32·16 5·24 33·76 4·60 0·001
≤24 37 22·8 34 8·7 24 4·2 0·001
25–29 38 23·5 76 19·5 80 14·1 0·007
30–34 48 29·6 150 38·6 181 31·9 0·047
≥35 39 24·1 129 33·2 282 49·7 0·001

Marital status (single) 79 48·8 146 37·5 79 27·5 0·001
Maternal origin (P= 0·001)
Africa 4 2·4 10 2·6 42 7·4 0·001
Asia 3 1·8 5 1·3 10 1·8 0·817
America 12 7·4 35 9·0 58 10·2 0·525
Europe 143 88·3 336 86·4 471 83·0 0·166

Maternal education (P= 0·001)
None 14 8·6 4 1·0 3 0·5 0·001
Primary education 48 29·6 72 18·5 64 11·3 0·001
Secondary education 72 44·4 184 47·3 221 39·0 0·033
University 25 15·4 118 30·3 254 44·8 0·001
Postgraduation 3 1·9 11 2·8 25 4·4 0·001

Maternal physical activity (P= 0·001)
None 88 54·3 147 37·8 157 27·7 0·001
Light 53 32·7 159 40·9 257 45·4 0·014
Moderate 16 9·9 71 18·3 120 21·2 0·004
Intense 5 3·1 12 3·1 32 5·7 0·112

Maternal employment status (employed) 87 54·0 246 63·2 366 64·6 0·049
Maternal smoking before pregnancy (yes) 58 41·7 128 37·5 128 25·5 0·001
Maternal smoking during pregnancy (yes) 38 27·3 67 19·8 54 10·8 0·001
Maternal drug use (yes) 5 3·1 6 1·54 6 1·0 0·176
Maternal alcohol use (yes) 3 2·2 5 1·6 15 3·0 0·394
Coffee (yes) 55 44·4 149 49·0 234 49·1 0·625
Tea (yes) 10 9·9 25 9·8 60 14·2 0·181
Caffeinated drinks† (yes) 85 64·4 137 45·5 136 29·8 0·001
Hot chocolate (yes) 33 27·7 77 26·2 99 21·4 0·265
Dietary supplements 95 60·9 220 60·0 269 48·3 0·001
Folic acid‡ supplement (yes) 84 61·8 224 68·9 392 80·0 0·001
Fe§ supplement (yes) 105 69·5 277 82·0 451 86·9 0·001
Prenatal vitamins (yes) 76 57·1 192 62·7 317 66·8 0·116

*P-value obtained by ANOVA (P< 0·05) for quantitative variables, by χ2 test (P< 0·05) for qualitative variables.
†Caffeinated drinks NOT including coffee such as soft drinks/soda/pop/sugary drinks/fizzy drinks and energy drinks.
‡(2S)-2-((4-(((2-amino-4-hydroxypteridin-6-yl)methyl)amino)phenyl)formamido)pentanedioic acid.
§Ferrous fumarate, ferrous gluconate, ferrous succinate and ferrous sulphate.
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There were no statistically significant differences in
maternal obstetric factors or most characteristics of new-
borns (Table 3). Differences were found for newborn
sex with proportionally more male babies in the MA group
and large for gestational age (LGA). 45·1 % of births within
the PA group corresponded to male children, while 56·7 %
of newborns were male in the MA group and 50·9 % in the
OA group. In regard to LGA newborns, the highest percent-
age was seen in the MA group with 10·3 %, followed by the
OA group with 9·2 % and finally the PA group with 6·2 %.

As seen in Table 4, the risk of having SGA newborns for
mothers with poor or medium adherence to MD compared
with those with OA was non-significant in any of the
adjusted models.

Meanwhile, the risk of having a preterm newborn in
mothers with medium adherence to MD compared with
those with OA was significant in both adjusted models. It
had an aOR of 2·28 (95 % CI 1·10, 4·72) when adjusted
for newborn sex, maternal age, education, physical activity,
employment, smoking before and during pregnancy, and
BMI before and at the end of pregnancy and an aOR of
3·04 (95 % CI 1·35, 6·87) when adjusted for newborn sex,
maternal age, education, physical activity, employment,
smoking before and during pregnancy, BMI before and
at the end of pregnancy, dietary supplements, folic acid
supplementation and Fe supplementation.

Discussion

Diet during pregnancy or foetal nutrition is an important
health determinant for the newborn, and inadequatemater-
nal nutrition has been linked to adverse pregnancy out-
comes and chronic childhood and adult diseases(82,83).

Therefore, a varied and balanced diet is essential to ensure
infant wellbeing. In the current study, 49·3 % of pregnant
women in our area followed an unbalanced diet, specifi-
cally a low adherence to MD, which is the traditional and
reference dietary pattern in the geographic area studied.
The loss of a traditional MD pattern is associated with
increased risks of childhood and adulthood diseases(9,84,85).
This lack of adequate adherence to MD has been identified
to increase the risk of preterm birth. Therefore, optimal
adherence to the MD pattern could be considered a poten-
tial modifiable protective factor against preterm birth. The
current study suggests that perhaps a nutritional interven-
tion programme to improve adherence toMDmight reduce
the risk of preterm birth associated with poor adherence to
MD. Given that it is one of the fewmodifiable factors in pre-
maturity, further research on the benefits of improving
maternal diet should be carried out.

A study reported on the level of adherence among preg-
nant women in Spain and Greece using another method of
classification(30) with results (~44 % PA) similar to the cur-
rent study. Another study carried out in Spain showed that
36·1 %(86) of mothers followed a low-quality MD during
pregnancywhen assessed using the MD score(87). Similarly,
another study found that 43·2 % of women from southern
Spain did not follow an MD(88).

The finding that younger single women with a lower
level of education show worse adherence to MD ratifies
the results of numerous previous studies(1,14,15,59,64,89–91).
A possible explanation to this consistent finding is that
women who fall under this profile are less aware of the
effect of their diet on their own health and that of their child.

Educational level and employment status can both be
indicators of the socioeconomic status, which has been found

Table 2 Parental anthropometric data

Poor
adherence to MD
(n 162, 14·5%)

Medium
adherence to MD
(n 389, 34·8%)

Optimal
adherence to MD
(n 567, 50·7%)

P-value*n/mean %/SD n/mean %/SD n/mean %/SD

Maternal height (m) 1·62 0·08 1·63 0·06 1·63 0·06 0·090
Pre-pregnancy maternal weight (kg) 63·9 14·4 64·0 13·6 62·0 11·3 0·038
Pre-pregnancy maternal BMI (kg/m2) (P= 0·004) 24·3 5·8 24·1 4·7 23·0 4·0 0·001
<18·5 12 7·5 24 6·1 26 4·5 0·307
18·5–24·99 97 59·6 244 62·7 426 75·2 0·001
25·00–29·99 38 23·3 80 20·6 81 14·3 0·006
≥30·00 16 9·6 41 10·6 34 6·0 0·028

Maternal weight at delivery (kg) 76·7 15·37 76·4 14·3 74·0 11·2 0·007
Maternal BMI at delivery (kg/m2) 29·1 6·3 28·7 4·9 27·4 4·3 0·001
Weight gained during pregnancy (kg) 12·9 6·0 12·3 6·0 12·0 4·8 0·172
BMI point change during pregnancy 4·8 2·3 4·6 2·3 4·3 2·3 0·105
Paternal height (m) 1·76 0·07 1·76 0·07 1·77 0·07 0·459
Paternal weight (kg) 83·8 15·0 82·2 12·7 81·2 12·5 0·178
Paternal BMI (kg/m2) (P= 0·198) 26·5 3·7 26·4 3·4 26·0 3·6 0·314
<18·5 0 0·0 0 0·0 6 1·1 –
18·5–24·99 57 35·3 154 39·6 213 37·5 0·605
25·00–29·99 80 49·4 178 45·8 299 52·8 0·105
≥30·00 25 15·3 57 14·6 49 8·6 0·005

*P-value obtained by ANOVA (P< 0·05) for quantitative variables, by χ2 test (P< 0·05) for qualitative variables.
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to be associatedwith dietary pattern adherence(59,90,92). Given
that higher-quality products tend to be more expensive, it
seems normal that women of lower socioeconomic status
would resort to cheaper, lower-quality products, and this

could explain the difference found in the current study
regarding employment status(92).

An unhealthy diet has been associated with unhealthy
habits such as smoking and a sedentary lifestyle(1,15,89,90,93).

Table 4 Risk of small-for-gestational-age or preterm infants associated with the level of adherence to Mediterranean diet

Small
ORc 95% CI

Small
ORa* 95% CI

Small
ORa† 95% CI

Preterm
ORc 95% CI

Preterm
ORa‡ 95% CI

Preterm
ORa§ 95% CI

Adherence to Mediterranean diet
Optimal 1·0‖ 1·0‖ 1·0‖ 1·0‖ 1·0‖ 1·0‖
Medium 0·92 0·58, 1·45 1·27 0·75, 2·15 1·29 0·71, 2·36 0·85 0·58, 1·24 2·28 1·10, 4·72 3·04 1·35, 6·87
Poor 0·72 0·37, 1·42 1·77 0·80, 3·91 1·55 0·67, 3·63 0·59 0·33, 1·05 1·63 0·79, 3·39 2·03 0·91, 4·54

ORc, crude odds ratio; ORa, adjusted odds ratio.
*Adjusted for maternal age, education, physical activity, employment, smoking before and during pregnancy, and BMI before and at the end of pregnancy.
†Adjusted for maternal age, education, physical activity, employment, smoking before and during pregnancy, BMI before and at the end of pregnancy, dietary supplements,
folic acid supplements and Fe supplements.
‡Adjusted for newborn sex, maternal age, education, physical activity, employment, smoking before and during pregnancy, and BMI before and at the end of pregnancy.
§Adjusted for newborn sex, maternal age, education, physical activity, employment, smoking before and during pregnancy, BMI before and at the end of pregnancy, dietary
supplements, folic acid supplements and Fe supplements.
‖Reference category.

Table 3 Obstetric and neonatal data

Poor
adherence to MD
(n 162, 14·5%)

Medium
adherence to MD
(n 389, 34·8%)

Optimal
adherence to MD
(n 567, 50·7%)

P-value*n/mean %/SD n/mean %/SD n/mean %/SD

Length of pregnancy (weeks) 39·1 1·9 39·2 1·5 38·9 2·0 0·202
Previous gestations (P= 0·767)
Primigravida 52 32·1 136 35·1 198 35·0 0·764
Multigravida 110 67·9 252 64·9 367 65·0 0·764

Parity (P= 0·700)
Primiparous 73 48·0 173 47·0 270 49·8 0·711
Multiparous 79 52·0 195 53·0 272 50·2 0·711

Previous miscarriages (P= 0·621)
None 87 57·6 224 62·7 335 63·2 0·399
1 47 31·1 90 25·2 131 24·7 0·271
≥2 17 11·3 43 12·0 64 12·1 0·933

IVF (yes) 8 5·7 25 7·2 55 10·6 0·082
Multiple gestation (yes) 1 0·8 10 3·3 21 4·4 0·148
Hospitalisation during pregnancy (yes) 5 4·1 25 8·2 38 7·9 0·303
Newborn sex (male) 73 45·1 220 56·7 288 50·9 0·031
Newborn weight (g) 3207·9 528·6 3328·6 1642·5 3194·3 555·7 0·146
Newborn length (cm) 49·9 3·1 50·0 2·8 49·9 2·4 0·835
Cranial perimeter (cm) 34·1 2·1 34·1 3·2 34·1 1·8 0·966
Weight for gestational age (P= 0·482)
SGA 11 6·8 33 8·5 52 9·2 0·586
AGA 140 86·4 315 81·0 458 80·8 0·220
LGA 10 6·2 40 10·3 52 9·2 0·001

Preterm birth (<37 weeks) 15 9·3 50 12·9 84 14·9 0·175
Birth complications (yes) 20 54·1 51 44·0 133·4 48·7 0·508
Newborn admitted to neonatal ward (yes) 8 6·1 17 5·2 34 7·0 0·605
Apgar scores
1min 8·9 1·3 9·1 1·1 9·1 1·3 0·547
5min 9·8 0·4 9·8 0·5 9·8 0·7 0·491

Gasometric analysis
Arterial pH 7·28 0·08 7·27 0·07 7·28 0·07 0·113
Arterial PO2 (mmHg) 21·5 11·4 23·9 15·2 23·0 12·3 0·328
Arterial PCO2 (mmHg) 48·7 16·8 50·7 13·7 49·8 13·1 0·284
Venous pH 7·32 0·08 7·32 0·07 7·32 0·06 0·196
Venous PO2 (mmHg) 28·4 13·6 30·7 17·1 28·3 14·8 0·262
Venous PCO2 (mmHg) 44·3 10·8 44·2 10·8 43·3 8·2 0·308

SGA= birth weight< 10th percentile; AGA= 10th percentile≤ birth weight≤ 90th percentile; LGA= birth weight> 90th percentile.
*P-value obtained by ANOVA (P< 0·05) for quantitative variables, by χ2 test (P< 0·05) for qualitative variables.
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In the current study, the PA group had a lower level of
physical activity and a higher proportion of smokers both
before and during pregnancy, corroborating the findings of
previous studies(1,15,89,93).

During pregnancy, certain dietary changes are
recommended(63,94–98). The WHO guideline on caffeine
intake during pregnancy recommends an intake
<300 mg/d(99), which was followed by the majority of
women in the current study and is in agreement with
previous findings(15,98). However, there is a significant
difference in the intake of caffeinated drinks among
the sample, and therefore it is important to monitor this
trend due to the high caffeine and sugar content of these
drinks(100).

Micronutrient deficiencies are increasingly common,
especially among the women of childbearing age(5,101),
and may be exacerbated during gestation by increased
nutritional requirements(102,103). Some studies have reported
a greater contribution of some of these micronutrients
(vitamins C, E, B, folate, Mg, Ca, Fe, vitamin D or Zn) asso-
ciated with MD(21,64,104,105).

In a recent review, Haider & Bhutta(102) found the pos-
sible benefits of using multivitamins, including folic acid
and Fe, as supplementation could perhaps compensate
dietary deficiencies. Notably in the current study, women
with non-OA consumed significantly more general dietary
supplements than women with OA. This seems to suggest
that womenwith a non-OA toMD tend to compensate their
poor diet quality with the use of dietary supplements.
However, the results showed that the use of supplements
had no beneficial effect in this case. When it comes to
other types of supplements, women with non-OA were
significantly less likely to consume specific Fe supplements
and even less likely to consume folic acid supplements. An
increase in the use of folic acid and Fe supplements within
these groups might positively affect the mothers and
newborns.

The only significant differences in parental anthropo-
metric data were found for maternal weight and BMI both
before pregnancy and at delivery. The PA group had higher
weights and BMI before pregnancy and at delivery. While
no differences were observed, it must be noted that the
average paternal BMI values would fall into the overweight
range in all groups.

The association between parity and adherence to a
healthy dietary pattern is unclear as some studies have
found worse adherence among primiparous women(15,106),
while other studies associate greater parity to a lower
adherence to a healthy dietary pattern(59,107). In the sample
studied, there was no significant difference in adherence in
relation to gravidity or parity. It would be logical, however,
to expect multiparous women to follow healthier diets dur-
ing pregnancy due to the knowledge gained from previous
pregnancies. Also, previous childbirths could contribute to
a greater adherence to the Mediterranean pattern since
more attention might be given to the diet(92).

As regards the characteristics of newborns, significant
differences were found in the sex of newborns and for
LGA. Sex of the newborn did not follow a set pattern
according to the adherence level. Women with better
adherence were noticeably more likely to have an LGA
baby. This association between diet quality and size of
newborn corroborates the results of previous stud-
ies(1,64,108). The mean scores for 1- and 5-min Apgar test
were adequate in the sample studied. In this sense, there
are no studies with consistent results relating the Apgar test
and the maternal diet during gestation(109). The results of
gasometric cord blood analysis, which provides an objec-
tive measure of foetal condition prior to birth(110), of all
adherence groups were within normal ranges, and no stud-
ies have been found with which to compare our results.

Previous studies have found that adherence to MD pro-
tects against SGA(14,111), andMediterranean dietary patterns
have been associated with higher birth weights and a lower
risk of SGA offspring(112). However, one study could not
establish a significant relation between maternal diet and
the risk of SGA, low birth weight and inadequate infant
growth(113).

In the current study, the adjusted models, taking into
account the variables identified as statistically significantly
different among the adherence groups, found no associa-
tion between MA or PA and SGA. This lack of association
between non-OA and SGA is nuanced and, therefore, must
be interpreted carefully. The use of a model adjusted for all
variables identified as statistically significantly different
among the adherence groups for a sample like ours might
introduce errors in results. Dietary patterns are usually
accompanied by many other factors that may be important
sources of confounding and even more so due to possible
synergistic or antagonistic effects(1,15,89,93,114). It may be
advisable to avoid stating that there is no association
between non-OA to MD and SGA newborns given the sam-
ple size and evidence from previous studies to the contrary.

Preterm birth is an underlying factor in about half of all
deaths among normally formed infants, and survivors often
suffer from permanent handicaps(115). Further research is
needed as very few causal factors have been identified.
In the current study, there were no significant differences
in the duration of pregnancy or prematurity, which con-
trasts with the results of other studies in which adherence
to MD was a protective factor against preterm birth(5,21).
For the population studied, mothers with OA curiously
had a higher percentage of preterm newborns. This could
be explained, in part, by older child-bearing age, resorting
more to assisted reproduction techniques and having a
higher proportion of twins. In the current study, the risk
of having a preterm newborn in mothers with medium
adherence to MD was significant in both the adjusted
models. Meanwhile, none of the models showed a risk
for preterm birth within the PA group. Previous studies
examining the MD have reached contradictory conclu-
sions regarding prematurity.
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A prospective cohort study carried out in Denmark
found a decrease in the risk of early preterm birth related
to adherence to MD during pregnancy(21). In the TIMOUN
study, adherence to MD was associated with a lower risk
of preterm birth only in overweight and obese women(20).
Another study found that preterm risk tended to be lower
by around 29% in the MD group, while the risk of early
preterm birth was 72% lower and statistically significant(21).
An intervention study showed that MD reduced the inci-
dence of preterm birth(22). Another study supports recent
evidence that increasing regular consumption of healthy
food is more important than reducing the consumption of
unhealthy food(116).In a Norwegian cohort study, no associ-
ation was found between adherence to MD and preterm
birth(117). In the National Birth Defects Prevention Study,
no associationwith preterm birthwas found(45). The conflict-
ing study results may be a consequence of variations across
studies in the definitions of MD(118,119). Also, the times of diet
assessment and data collection vary, which might contrib-
ute to the inconsistency of findings. While a comparison
with the current study may not be perfect given the
differences in the definition of MD and other methodologi-
cal differences among the studies, it is important to high-
light that a loss of healthy eating pattern and its possible
effects on newborns is a widespread issue.

Strengths and limitations
A homogeneous selection method within a single hospital
is one of the strengths of the current study. All the data were
collected by identically trained professionals using the
same questionnaire and later contrasted and/or completed
with clinical records. Another strength is the evaluation of a
diet as a whole by the degree of adherence, which will pro-
vide a greater ease in managing dietary patterns in clinical
practice(15,67).

It should be noted that the sample size hindered appro-
priate control for confounders. It is advisable to increase
the sample size in future studies to obtain more consistent
and reliable results. Maternal and paternal SGA is an impor-
tant possible confounder when studying SGA outcomes of
newborns, which was not considered in the current study
as a majority of parents were unable to provide this infor-
mation. Collection of data after birth could ignore variations
in dietary habits during gestation(20). However, a previous
study has found no significant differences in dietary
patterns across different periods of pregnancy(120). Also,
data were obtained retrospectively and might have been
affected by recall bias.

Previous studies have shown that frequency-of-use
questionnaires are appropriate to estimate intake during
pregnancy(16,30). Several studies on pregnant women have
adapted the general population indices for the exclusion
of alcohol use(59,64,106). The Kidmed index used here in
pregnant women was validated for a population between
2 and 24 years, and meat (red/white) and alcohol are not
included(6,74). It may not be as effective as other diet

questionnaires in obtaining an accurate picture of adher-
ence to MD for adults given these exclusions. The
Kidmed index does not assess intake quantitatively, which
could be a problem since previous studies have found that it
may be more important to increase the variety of healthy
foods than to reduce the regular consumption of unhealthy
foods(121,122). However, it was used in an attempt to make
dietary assessment as simple as possible for the persons being
assessed.

Conclusion

In the population studied, optimal adherence to the MD
pattern among pregnant women was about 50 %. Non-
OA to MD was associated with a higher risk of a preterm
newborn. Optimal adherence to the MD pattern might be
a protective factor against preterm newborns. The use of
dietary supplements during pregnancy does not combat
the negative effects of a poor-quality diet, and their use can-
not replace a balanced and diverse diet. Early intervention
programmes geared towards pregnant women to raise
awareness of a healthy lifestyle and balanced diet would
be beneficial. An appropriate nutritional intervention to
aid women in reaching OA to MD could reduce the risk
attributable to preterm newborn. As other factors respon-
sible for prematurity are not modifiable, it is important to
act on those that are modifiable, such as diet, to reduce
the risks of preterm birth as much as possible. Further stud-
ies are needed to better understand the mechanisms of the
effects of diet on SGA newborns, prematurity and the most
relevant window of exposure. A further follow-up of this
cohort will allowmore accurate determination of the effects
of adherence to MD and whether these effects persist in
older children.
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