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Pregnancy; outcomes has raised interest in the last few years. However, studies on this associ-

ation remain scarce. Thus, the aim of this study was to determine the association
between dairy product consumption during pregnancy and neonatal and maternal
outcomes.

Methods: A prospective study was conducted with 98 pregnant women, aged 18—40,
from the city of Porto, Portugal. Socio-demographic and lifestyle characteristics
were assessed through a questionnaire. Dairy product consumption was assessed with
a three-day food diary completed during the first and second trimesters. Postpartum
medical records were examined for neonatal and maternal outcomes. Multivariate
linear regression analyses were performed to assess the association between dairy
intake and neonatal and maternal outcomes, adjusting for dietary variables and
maternal characteristics.

Neonatal outcomes;
Maternal outcomes
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Results: Compared to the first trimester pregnant women had higher energy intake and
lower calcium, iodine and yogurt intake in the second trimester (P <0.05). Total dairy
and yogurt intake in the first trimester were positively associated with head circum-
ference and placental weight (respectively 8=0.002, P=0.014, =0.333, P=0.012).
Change in total dairy intake between the second and first trimester was negatively
associated with maternal weight gain during pregnancy (8=—-0.007, P=0.020).

Conclusion: The findings of this study suggest that dairy product intake during preg-
nancy may have an effect on neonatal head circumference, placental weight, and

gestational weight gain.

© 2016 Published by Elsevier Ltd on behalf of Asia Oceania Association for the Study

of Obesity.

Introduction

Adequate maternal dietary intake ensures optimal
nutritional needs to reach normal fetal growth and
development. Therefore during pregnancy a bal-
anced diet is recommended and should include
plenty of complex carbohydrates, fruits and veg-
etables, moderate consumption of dairy products
and protein, and limited amounts of low-nutrient,
energy-dense foods [1]. Findings from the Auck-
land Birthweight Collaborative study have shown
that women with higher scores on the *‘traditional’’
food pattern (characterised by fruit, vegetables,
peas/maize, dairy food/yogurt and water) in early
pregnancy were less likely to deliver a small-
for-gestational-age baby [2]. Accordingly, it has
been described that improved maternal diet qual-
ity reduces the risk of fetal growth restriction [3]
and preterm birth [4]. On the other hand, a recent
randomised controlled efficacy trial showed that
women’s dietary micronutrient quality improve-
ment, achieved through a daily snack providing
additional green leafy vegetables, fruit, and milk,
before conception and throughout pregnancy had
no overall effect on birth weight [5].

Dairy products likely contribute to dietary qual-
ity [6] during pregnancy, as they are an important
source of high-quality protein, magnesium, vita-
min B12, zinc, riboflavin, and calcium. In the
last decades, the effect of dairy products, espe-
cially milk, on health has raised public health
awareness. Evidence from a recent non-systematic
review reported that milk consumption during preg-
nancy increases gestational weight gain, placental,
fetal, and birth weight and the authors suggest
that dietary recommendations for milk consump-
tion during pregnancy have to be re-evaluated [7].

Furthermore, although evidence from prospec-
tive studies is limited, it seems that moderate milk
consumption relative to no or very low intake is pos-
itively associated with fetal growth and infant birth
weight in healthy Western populations [8]. On the

other hand, higher intake of total dairy products,
cheese, yogurt, and calcium during pregnancy may
reduce the risk of infantile allergic disorders [9].
Therefore, the effect of dairy product consump-
tion during pregnancy on neonatal and maternal
outcomes still remains unknown. Additionally, lit-
tle is known about the effect of changes in dairy
consumption during pregnancy as well as in isolate
trimesters on neonatal and maternal outcomes.

The study of neonatal outcomes, such as birth
weight, length, and head circumference, is impor-
tant since these latter have been considered
reliable indicators of fetal growth and health later
in life [10—13]. Likewise, placental weight has been
correlated to adverse outcomes such as stillbirth,
neonatal death, low Apgar score, seizures, or respi-
ratory morbidity [14]. Another important indicator
is gestational weight gain, which has also been asso-
ciated with women’s future health and offspring
health [15].

Thus, the study aims to determine the associa-
tion between dairy product intake during pregnancy
and neonatal and maternal outcomes.

Materials and methods
Sampling

Data for this study came from a prospective study
of pregnant women attending outpatient obstet-
rics clinics at Sao Joao Hospital in Porto, Portugal.
Women were invited to participate when they came
in for their first ultrasound evaluation screening.
The recruitment was made consecutively from
July 2010 to May 2012. From those who agreed
to participate, data were collected in the first
trimester between the tenth and twelfth weeks
of gestation (at the time of baseline assessment),
in the second trimester between the twentieth
and twenty-second weeks (at the time of the
second ultrasound) and again in the immediate
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post-partum (24—48 h after delivery). Details on the
study design and sampling strategy are reported
elsewhere [16].

A total of 137 pregnant women were invited
to participate in this study, and 133 (participa-
tion rate: 97.1%) agreed to take part. Some of
the 133 participants were subsequently excluded
because of miscarriage (n=1), no singleton preg-
nancy (n=2), age higher than 40 (n=1) and
prematurity (n=3). Furthermore, 30 (22.6%) more
participants were excluded because they did not
have their delivery at Sao Joao Hospital nor provide
their dietary data for each trimester. Thus, the final
sample consisted of 98 women and their offspring.
Women who were excluded from the study did not
differ significantly from those who were included
in terms of age, educational level, marital status
(single/divorced and married/cohabitate), monthly
income, pre-pregnancy body mass index (BMI), and
parity (P>0.05, for all; data not shown).

All participants in this study were informed of its
objectives and provided written informed consent.
The study was approved by the Ethics Commit-
tee of the Hospital de Sao Joao (Reference No.
09988), and it was conducted in accordance with
the World Medical Association’s Helsinki Declara-
tion for Human Studies.

Neonatal and maternal outcomes

Neonatal outcomes (birth weight, length, head
circumference, and placental weight) and mater-
nal outcomes (weight gain during pregnancy) were
obtained from hospital records. The postpartum
evaluation yielded data on birth weight (measured
with an electronic scale to the nearest gram),
length (measured with a pediatric stadiometer to
the nearest centimetre), head circumference (mea-
sured with tape to the nearest millimetre) and
placental weight (measured to the nearest gram).
Weight gain during pregnancy corresponds to the
difference between the self reported weight before
pregnancy and the last weight recorded prior to
delivery. Additionally, weight gain was classified as
insufficient, adequate, and excessive, depending
on whether women acquired weight below the rec-
ommended level, within the recommended level,
or higher than the recommended level, respectively
[17].

Dietary intake

Dietary intake was assessed by a three-day food
diary that included two weekdays plus one week-
end day, and was completed for each trimester.
Oral and written instructions on how to complete

the diary were given to the women by a trained
nutritionist. Food portion sizes and beverages con-
sumed were estimated using household measures
(cups, glasses, spoons, slices, food wrappers, con-
tainers, etc.) as an aid in determining serving sizes.
A description of each food and beverage consumed
was recorded, including the method of preparation,
the time it was eaten (to the nearest five minutes),
location, and, if appropriate, the brand name of the
product. The nutrient analysis was performed using
the software Food Processor SQL (ESHA Research
Inc., Salem, OR, US). This program relies on nutri-
tional information from the United States that has
been adapted for use with typical Portuguese foods
and beverages. The nutrient and food means of the
three days were used in the analysis.

The amounts of milk (whole, reduced-fat, and
fat-free), yogurt, and cheese (including cottage and
cream cheese) were presented in term of grams per
day (g/day). In this study, total dairy included milk,
yogurt, and cheese.

Additionally, change in dairy product intake was
computed as the difference between the second
and first trimesters.

Covariates

To take into account the confounding effect of diet
adequacy in our analyses, we used the Mediter-
ranean diet score [18,19] as an indicator of diet
quality. This scale was computed according to
Chatzi et al. [20] and is based on seven benefi-
cial components (vegetables, legumes, fruits and
nuts, cereals, fish, ratio of monounsaturated to
saturated fatty acids and dairy products) and one
detrimental component (meat and meat products).
For the beneficial components a value of 1 was
given to women with a consumption intake (g/day)
equal to or above the median of the total sample
and a value of zero for a daily intake below the
median. For the detrimental components, a value
of 1 was given to women with a consumption intake
(g/day) below the median of the total sample and
a value of zero for a daily intake equal to or above
the median. The total Mediterranean diet score
ranged between 0 (minimal adherence) to 8 (max-
imal adherence). Then, based on the total score,
each woman was categorised into one of two groups
for each trimester: low adherence (0—4 points) or
high adherence (5—8 points).

Height was measured to the nearest mm in
bare or stocking feet, with participants stand-
ing upright against a Holtain Portable Stadiometer
(Crymych, Pembrokeshire, UK). Pre-pregnancy BMI
was estimated by using the ratio of weight/height?
(kg/m?) with a self-reported pre-pregnancy weight.
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Participants were classified as non-overweight,
overweight, or obese according to World Health
Organization criteria [21]. The underweight partic-
ipants (1%) were combined with the normal weight
participants in the non-overweight category due to
the fact that the former represented such a small
proportion of the overall sample.

Gestational age at time of delivery was assessed
based on last menstrual period and confirmed
by first trimester ultrasound evaluation at 10—12
weeks.

Professional status was assessed via a self-
reported questionnaire, and the participants were
divided into three categories: employed (full- or
part-time), unemployed, and student. Since only
two subjects fell into the student category, they
were pooled with the members of the employed
category.

Each respondent was asked to estimate the total
income (including pensions, allowances, and invest-
ments) received by all household members in the
last month by using a single measure comprised
of three narrowly-ranged income categories: <500
Euros, [500—1250[Euros and >1250 Euros.

For the variable educational level, subjects were
divided into three categories that reflected the
organization of the Portuguese educational system:
mandatory or less (<9 school years), secondary
(10—12 school years), and college/university (>12
school years).

Concerning parity, women were considered prim-
iparous if this was their first gestation and
multiparous if they had at least one previous ges-
tation.

For the variable supplementation, women were
asked about their use of supplements (multivita-
mins, iron, calcium, magnesium and folic acid) in
each trimester.

Regarding smoking habits, women were classified
as smokers if they smoked at least one cigarette a
day during each trimester. Women who smoked dur-
ing the first trimester (n=15) continued to smoke
in the second trimester.

Height, educational level, and parity were
assessed only at baseline.

Statistical analysis

Data are presented as mean =+ standard deviation
(SD) unless otherwise stated. The Kolmogorov—
Smirnov test was used to verify the variables’
normality. Since cheese intake in both trimesters
did not fit a normal distribution, it was natural
log-transformed. An independent-samples t-test or
one-way analysis of variance was performed to
compare continuous variables between groups. A

paired t-test was used to compare paired continu-
ous variables.

Separate multivariate linear regression models
were fitted to verify the relationships between
each dairy product intake and neonatal and mater-
nal outcome variables. Models were adjusted for
energy intake (kcal/day), weight gain during preg-
nancy (kg), neonatal sex (reference — female),
gestational age (weeks), and Mediterranean diet
score. For maternal outcome, as weight gain is the
dependent variable, pre-pregnancy BMI (reference
— non-overweight) was introduced into the models.
All variables were continuous in nature, other than
neonatal sex and pre-pregnancy BMI.

All models were evaluated for normality of resid-
uals and presence of residual higher than 3.3 SDs,
and no statistical transformations of dependent
variables were necessary. Multicollinearity was also
checked using a variance inflation factor and corre-
lation coefficient.

Linear regression analyses were done for the first
and second trimesters and tracked any change in
dairy product intake between these.

A power sample was done post hoc for multivari-
ate linear models and for the relationship between
total dairy (in first and second trimesters, and
change during pregnancy), milk (in first and second
trimesters, and change during pregnancy), yogurt
(in second trimester), cheese (in first and second
trimesters, and change during pregnancy) and pla-
cental weight; weight gain and total dairy (in first
trimester), milk (in first trimester and change dur-
ing pregnancy), yogurt and cheese (in first and
second trimesters, and change during pregnancy),
was lower than 80% ranging from 50 to 71%.

Unstandardised regression coefficients (8) were
used to express the coefficients of the regres-
sion analyses. A P value (two-tailed) of <0.05 was
regarded as significant. Analyses were conducted
with the statistical software package IBM SPSS
Statistics Version 22.

Results

Dairy product intake during pregnancy according to
maternal socio-demographic and lifestyle charac-
teristics is described in Table 1. Pregnant women
with higher educational level, and who were mar-
ried had a higher intake of cheese in the first and
second trimester than their counterparts (P<0.05,
for all). In the second trimester, higher intake of
cheese was found in women with higher income,
and who were not overweight (P<0.05, for all).
No significant differences were seen with total
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Table 1 Dairy product intake in the first and second trimesters according to maternal socio-demographic and lifestyle characteristics.

Maternal characteristics n % First trimester Second trimester
Dairy (g/d) Milk (g/d) Yogurt (g/d) Cheese§ (g/d) Dairy (g/d) Milk (g/d) Yogurt (g/d) Cheese’ (g/d)
Mean + SD Mean + SD

Age (years)?

18-30 46 46.9 352.0+165.9 193.94+135.2 143.44+114.2 14.6 +22.0 346.9 +164.1 225.8+153.7 105.14+79.2 15.94+19.6

31—40 52 53.1 348.4+134.9 215.5+138.0 115.4+82.6 17.4+£17.7 335.0+136.3  231.6+153.1 82.6+72.0 20.7+21.6
Educational level®

Mandatory or less 33 33.7 354.8+151.4 197.6+135.3  146.5+98.8 10.8+11.3 333.8+171.9  218.6+172.8 104.0+79.1 11.24+13.2°

Secondary 35 35.7 323.2+162.0 185.7 +141.9 125.44+99.5 12.0+15.5 336.2 +154.2 221.5+153.1 98.6 +70.5 16.1+17.5

College/university 30 30.6 376.2+130.7 237.0+£129.9 112.6 +£99.4 26.74+26.7 353.24+117.9  248.94+129.8 75.0+77.7 29.3426.3
Marital status'-?

Single/divorced 22 22.4 303.3+175.8 171.24+142.5 121.44+97.5 10.8+18.7° 318.7+142.0 219.9+151.2 86.6+72.0 12.3+17.2°

Married/cohabitate 76 77.6 363.6+139.3  215.3+132.4 130.7+100.2 17.7+19.9 346.9+151.7  231.5+153.9 95.1+77.4 20.3+21.4
Professional status’?

Employed/student 81 82.7 345.5+150.8 198.2+142.7 131.7+100.0 15.6+19.1 344.9+154.4  230.6+156.5 96.2+77.8 18.1+18.4

Unemployed 17 17.3 371.8+145.6  239.7+97.2 113.5+96.9 18.6 +£23.0 320.3+124.2  220.9+136.7 78.9+66.5 20.4+30.0
Monthly income (€):°

<500 25 25.5 343.3+195.8  199.7+165.6 130.6+114.6 13.0+16.3 352.9+180.4 246.4+178.8 92.0+65.3 14.54+10.8

500—1250 51 52.0 338.2+133.6 205.7+124.6 118.74+91.8 14.1+16.6 337.54+145.4  226.14+141.2 96.6+78.7 14.7 +18.4

>1250 22 22.4 384.7+123.4  211.3+132.7 149.1+98.3 24.2+27.4 333.8+121.5 215.4+151.6 86.5+83.2 31.8+28.2
Smoking during pregnancy?

Yes 15 15.3 354.8+126.9 179.5+118.4 163.1+102.6 12.2+15.9 287.7+131.7 162.6+129.0 112.7+62.6 12.4+£7.7

No 83 84.7 349.2+153.9  210.1+139.5 122.34+97.9 16.8+20.4 350.1+151.1  240.94+154.1 89.7+77.9 19.6 +22.1
Parity @

Primiparous 57 58.2 338.8+147.4 201.7+131.3  119.5+98.3 17.6 £22.7 337.2+154.1  221.7+152.1 94.7+77.4 20.8+21.8

Multiparous 41 41.8 365.8+152.7 210.5+144.8 141.2+100.2 14.1+14.8 345.3+144.3 238.9+£154.7 91.1+74.7 15.3+18.9
Pre-pregnancy weight status®

Non-overweight 59 60.2 358.5+163.5 206.84+147.4 133.74+105.5 17.9421.1 333.84+140.5 220.54+142.0 90.7+78.4 22.7+21.3

Overweight/Obese 39 39.8 337.4+126.4  203.2+119.7  120.8+89.5 13.4+£17.4 350.8+163.2  241.9+168.4 96.9+72.9 12.0+18.2
Gestational weight gain®

Insufficient 13 13.3 342.5+115.9  224.1+143.5 106.3+98.2 12.2+11.5 378.9+154.7  280.7+162.3 78.3+89.8 19.9+22.3

Adequate 41 41.8 348.0+179.4  210.5+144.8 119.6+93.4 18.0+£20.0 357.8+141.2  248.3+129.9 88.5+70.3 21.0+21.3

Excessive 44 44.9 354.24+129.2  195.24+-128.4 143.54+104.5 15.54+21.6 313.24+153.6  195.64+164.9 101.94+77.4 15.7+19.7
Mediterranean Diet adherence?

Low 63/661 64.3/67.3 326.6£154.9° 191.7+£140.4 121.6+106.8 13.3+17.8 315.3+148.1° 204.4+£153.0 93.44+71.9 17.5+20.7

High 35/32! 35.7/32.7 492.3+130.8  230.1+£127.1  141.1+£83.7 21.1+22.3 392.8+140.0 279.5+140.8 92.8+84.8 20.5+10.8
Supplementation®

Yes 76/711 77.6/72.41 361.2+149.1  213.7+139.4 131.4+104.3 16.1+18.7 325.7+146.7 214.9+147.8 91.4+76.5 19.4+£21.6

No 22/27 22.4/27.6 311.7 +£147.8 176.8 +124.2 118.8+80.5 16.24+23.5 379.7 £151.9 265.7 +161.5 97.8+75.7 16.24+18.3

" P<0.05.

T Values are to the first/second trimester, respectively.
§ Values were natural log-transformed before analysis, but non-transformed values are presented in the table.
@ Analysis by Student’s t-test.
b Analysis by one-way analysis of variance.
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dairy, milk, and yogurt according to maternal socio-
demographic and lifestyle characteristics.

Women who were supplemented during preg-
nancy 17.1% and 41.9% took iron, 84.1% and 75.7%
took folic acid, 3.7% and 5.4% took calcium and 6.1%
and 17.6% took multivitamins at the first and the
second trimester, respectively (data not shown).

Neonatal and maternal outcomes according to
maternal socio-demographic and lifestyle charac-
teristics are presented in Table 2. No significant
differences were seen in neonatal and mater-
nal outcomes between maternal socio-demographic
and lifestyle characteristics, except for weight
gain during pregnancy. Additionally, no significant
differences were seen in neonatal and maternal
outcomes for supplementation (data not shown).

In the second trimester pregnant women had
higher energy intake and lower calcium, iodine, and
yogurt intake than in the first trimester (P<0.05).
Significant correlations were seen in all nutrients
(except iron), dairy products, and Mediterranean
score between the first and second trimesters
(P<0.05, for all), ranging from 0.207 to 0.600
(Table 3).

The association between dairy product intake
and neonatal and maternal outcomes are pre-
sented in Table 4. After adjusting for potential
confounders, total dairy and yogurt intake in the
first trimester were positively associated with head
circumference and placental weight, respectively
(8=0.002, P=0.014, B=0.333, P=0.012, respec-
tively). Change in total dairy intake between the
second and first trimester was negatively associ-
ated with maternal weight gain during pregnancy
(B=-0.007, P=0.020).

Discussion

This study suggests that neonatal and maternal out-
comes are associated with dairy product intake
during pregnancy. Particularly, total dairy and
yogurt intake in the first trimester were positively
associated respectively with head circumference
and placental weight. Additionally, the change in
total dairy intake between the second and first
trimester was negatively associated with gesta-
tional weight gain. The associations identified were
not confounded by dietary variables and other
maternal characteristics.

In the past few years, it has been suggested
that milk or dairy product intake are associated
with higher gestational weight gain [22], placental
weight [23,24], and birth weight [7,25,26]. Further-
more, similarly to the present results a positive

association between dairy product intake and head
circumference has been reported in previous litera-
ture [23—25,27]. A prospective cohort study in 3405
mothers has found that maternal milk consump-
tion of >2—3 glasses per day was associated with a
2.2mm (95% Cl: 0.2, 4.2) larger head circumference
at birth compared to mothers with a milk intake
of 0—1 glasses per day [25]. Likewise, data from
the Danish National Birth Cohort has showed that
maternal milk product intake during midpregnancy
was associated with an increased mean birth head
circumference [23]. A positive association between
head circumference and frequency of milk con-
sumption at 18 week of gestation was also seen
in a prospective study in India [24]. On the other
hand, in a study that compared babies whose moth-
ers restricted their milk intake during pregnancy
with the babies of those who did not, no difference
was found in head circumference [6]. Smaller head
circumference has been linked to poorer verbal,
visuospatial, and arithmetic abilities [28], early age
at adiposity rebound [29], and higher risk of death
from coronary heart disease later in life [30].

Regarding the mechanism underlying the effect
of dairy product intake on neonatal outcomes stud-
ies have focused essentially on milk consumption.
It is believed that the role of milk on fetal growth
is due to the presence of biologically-active com-
ponents. Milk consumption has been associated
with increased serum levels of insulin-like growth
factor-1 (IGF-1) [31], which in pregnant women
regulates the placental transfer of nutrients to
the fetus increasing secretion and bioavailabil-
ity of fetal IGF-1 and may promote fetal growth
[32,33]. Some studies have shown positive associ-
ations between maternal IGF-1 and birth weight
[34], and others had no associations with birth
weight or other neonatal anthropometric indices
[35—37]. However, to the best of our knowledge,
no study has investigated the relationship between
milk intake during pregnancy and maternal IGF-1
level on neonatal outcomes. Other milk compo-
nents, such as protein, have also been positively
associated with birth weight [23].

To the best of our knowledge, no study has
investigated the relationship between yogurt con-
sumption and placental weight. The majority of
studies have investigated only milk consumption or
dairy products as a whole. Olsen et al. [23] in their
study pooled milk with yogurt consumption in one
group, making it impossible to identify the isolate
relationship of yogurt with placental weight. How-
ever, the latter found an increment of placental
weight according to frequency of milk consumption
during pregnancy. During dairy processing, a vari-
ety of biochemical changes in milk composition are
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Table 2 Neonatal and maternal outcomes according to maternal socio-demographic and lifestyle characteristics.

Neonatal outcomes

Maternal outcome

Birth weigth (g) P Length (cm) P Head P Placental P Weight gain P
circumference weight (g) (kg)
(cm)
All 3230.6 +441.6 — 49.1+2.0 — 34.1+1.3 — 601.8 +-124.2 — 14.54+5.0
Age (years)?
18—30 3227.7 +407.8 0.952 49.3+1.9 0.617 34.1+1.2 0.765 591.8+121.5 0.465 15.1+4.3 0.248
31—40 3233.2+473.4 49.0+2.1 34.1+1.5 611.24+-127.2 13.94+5.6
Smoking during pregnancy?
Yes 3273.7 +£461.6 0.684 49.0+1.9 0.710 33.8+1.4 0.348 638,.24+-161.3 0.234 15.7+4.4 0.304
No 3222.8 +440.3 49.2+2.0 34.2+1.3 595.0+116.1 14.3+5.1
Parity?
Primiparous 3198.2 +442.8 0.395 49.1+2.0 0.747 34.0+1.3 0.379 587.9+124.8 0.224 14.6+4.5 0.874
Multiparous 3275.6 +441.4 49.2+1.9 34.2+1.4 620.54+-122.5 14.44+5.8
Pre-pregnancy weight status®
Non-overweight 3244.9 +443.5 0.695 49.4+2.1 0.191 34.3+1.4 0.087 601.44-107.7 0.972 15.2+4.9 0.078
Overweight/Obese 3209.0+443.3 48.8+1.8 33.8+1.3 602.4 4+-145.8 13.44+5.1
Gestational weight gain®
Insufficient 3164.2 +589.7 0.734 49.2+2.1 0.748 33.9+2.0 0.757 631.4+87.5 0.606 9.1+4.5 <0.001
Adequate 3214.0+353.7 49.3+1.5 34.1+1.1 588.9+117.2 12.7+2.9
Excessive 3265.7+472.8 49.04+2.3 34.2+1.3 606.14+-137.7 17.7+£4.6
Mediterranean Diet adherence ?
First trimester
Low 3232.5+425.5 0.956 49.0+1.7 0.266 34.1+1.3 0.706 597.24+124.9 0.634 14.44+5.4 0.933
High 3227.3+475.6 49.4+2.4 34.2+1.5 610.54+-124.3 14.54+4.5
Second trimester
Low 3222.1+£425.2 0.784 49.0+£1.9 0.236 34.1+1.3 0.869 599.7+119.4 0.825 14.4+5.1 0.839
High 3248.28 +-480.1 49.5+2.2 34.1+1.4 605.8 +134.7 14.6 +5.0

Data are all mean =+ standard deviation.
@ Analysis by Student’s t-test.
b Analysis by one-way analysis of variance.
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Table 3 Nutritional and dietary intake according to trimesters.

First trimester® Second trimester? Mean of differences’ P° Pairwise
(n=98) (n=98) (95% Cl) correlation
Nutrients
Energy (kcal/d) 1717.54-405.4 1907.8 +-457.0 190.3 (286.6, 94.0)  <0.001 0.384"
Protein (% TEI) 19.8+3.0 19.3+£3.8 —0.46 (—1.3, 0.39) 0.286 0.235
Carbohydrates (% TEI) 48.54+5.5 48.34+5.8 —0.21 (-1.5, 1.1) 0.746 0.345
Total fat (% TEI) 31.7+£5.2 32.3+£5.8 0.62 (—0.76, 2.0) 0.375 0.225
SFA (% TEI) 10.2+2.3 9.8+2.2 —0.40 (—0.97, 0.17) 0.162 0.208
MUFA (% TEI) 11.4+£2.6 11.7+£3.9 0.30 (—0.54, 1.1) 0.483 0.207°
PUFA (% TEI) 43+1.3 4.6+1.2 0.26 (—0.05, 0.57) 0.104 0.227
Dietary fiber (g/1000kcal) 8.2+3.0 8.6+3.0 0.40(—0.23, 1.02)  0.215 0.460"
Folate (ng/d)’ 273.1.0£140.0 285.34+-137.3 12.2 (—22.6, 47.0) 0.488 0.217
Calcium (mg/d)* 837.54+£291.6 779.44251.8 —58.2 (—109.1, —7.3) 0.026 0.572"
lodine (n.g/d)’ 104.8 +43.4 90.5+40.5 —14.3 (—22.6, —5.9) 0.001 0.506"
Iron (mg/d)* 10.1+£4.2 11.1+£4.1 1.0 (0.53, —0.04) 0.059 0.191
Food groups
Dairy products (g/d) 350.1+149.5 340.6+228.9 —9.5 (—41.6, 22.5) 0.558 0.428"
Milk (g/d) 205.44+-136.4 228.94+152.6 23.5 (—2.6, 49.6) 0.077 0.600"
Yogurt (g/d) 128.6+99.2 93.24+75.9 —35.4 (—54.5, —16.3) <0.001 0.434"
Cheese (g/d) 16.1+19.8 18.5+20.7 2.4 (—1.7, 6.5) 0.250 0.493"
Mediterranean Diet score 3.9+1.6 4.0+1.5 0.04 (—0.30, 0.38) 0.814 0.359"

MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acid; TEI, total energy intake; SFA, saturated fatty acids.

2 Data are all mean =+ standard deviation.
b Analysis by paired t-test

* P<0.05.

" P<0.001.

§ From dietary source only.

1 Differences between the second trimester and first trimester.

generated, including the loss of more labile con-
stituents (e.g., vitamin C, enzymes), the removal
of bioactive components (e.g., whey removal from
cheese), and/or the addition of ingredients (e.g.,
the addition of sugar to yogurt and salt to cheese)
[38]. Moreover, there is a large amount of yogurts
on the market that vary in microorganism culture,
fat, and sugar content. A randomised controlled
clinical trial among pregnant women found that,
compared to conventional yogurt, daily consump-
tion of probiotic yogurt during 9 weeks maintains
serum insulin levels and might prevent the devel-
opment of insulin resistance, which is related to
adverse pregnancy outcomes [39].

In this study, we also found that an increase in
total dairy product intake between the first and the
second trimesters was negatively associated with
maternal weight gain. This is an interesting finding
in view of the fact that some women may restrict
their dairy product consumption to avoid exces-
sive weight gain [40]. It has been described that
increased dairy consumption is associated with both
weight loss and weight gain [41]. In contrast to the
present findings, Olafsdotti et al. [22] found that
women who had eaten more sweets early in preg-
nancy and consumed more milk in late pregnancy

had increased risk of gaining excessive weight. Like-
wise, another study found a positive association
between dairy consumption during pregnancy and
excessive gestational weight gain, but the results
are only slightly significant (Odds ratio=1.09 CI
95%: 1.01, 1.19) [42].

However, due to both the heterogeneity among
exposure and the differences in sample and effect
size between studies, the role played by dairy
product consumption during pregnancy still remains
controversial. Moreover, the majority of studies
cover all pregnancies or only one moment dur-
ing pregnancy (early or late pregnancy). It is well
known that dietary changes over the course of a
pregnancy may occur and may affect pregnancy
outcomes [22,43]. Thus, it is important to consider
dietary change in all pregnancies as well as isolate
trimesters, since consumption at different times
may have different effects on neonatal and mater-
nal outcomes.

Some limitations of the present study should be
addressed. The low number of participants may
have limited us from identifying small effects when
disaggregating dairy products. On the other hand,
the majority of the analyses have a power >80%,
which avoids Type Il error. Moreover, although

http://dx.doi.org/10.1016/j.0orcp.2016.07.001
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Table 4 Regression analysis of the association between neonatal outcomes and dietary intake during the first and second trimester, and changes occurred between

trimesters.

Neonatal outcomes

Maternal outcome

Birth Weigth Lenght Head circumference Placental weight Weight gain
B (95% CI) P B (95% CI) P B (95% CI) P B (95% CI) P B (95% CI) P
First trimester
Dairy products (g/d) 0.259 (—0.285, 0.804) 0.347  0.001 (—0.002, 0.003) 0.494  0.002 (0.0004, 0.004) 0.014  0.140 (—0.041, 0.321) 0.128  0.003 (—0.004, 0.010)  0.411
Milk (g/d) —0.014 (—0.596, 0.569) 0.962 —0.001 (—0.003, 0.002) 0.586  0.001 (—0.001, 0.003) 0.192 -—0.009 (—0.204, 0.186) 0.928  0.000 (—0.008, 0.007)  0.945
Yogurt (g/d) 0.588 (—0.194, 1.369) 0.139  0.003 (—0.001, 0.007) 0.106  0.002 (0.000, 0.005) 0.108  0.333 (0.074, 0.591) 0.012  0.007 (—0.003, 0.017)  0.189
heese (g/d) —0.529 (—4.596, 3.539) 0.797 0.006 (—0.013, 0.025) 0.529  0.004 (—0.009, 0.017) 0.518 —0.438 (—1.812, 0.937) 0.528 —0.005 (—0.058, 0.048)  0.851
Second trimester
Dairy products (g/d) 0.162 (—0.394, 0.718) 0.565  0.000 (—0.002, 0.003) 0.921  0.001 (—0.001, 0.003) 0.203  0.048 (—0.132, 0.227)  0.598 —0.005 (—0.012, 0.002) 0.158
Milk (g/d) —0.092 (—0.645, 0.461) 0.741 —0.001 (—0.004, 0.001) 0.337  0.001 (—0.001, 0.002) 0.533  0.005 (—0.173, 0.183)  0.954 —0.005 (—0.012, 0.002) 0.156
Yogurt (g/d) 0.948 (—0.069, 1.965) 0.067  0.004 (0.000, 0.009) 0.064 0.002 (—0.001, 0.005) 0.219  0.191 (—0.150, 0.532) 0.267 0.001 (—0.012, 0.015)  0.863
Cheese (g/d) —0.937 (—4.860, 2.986) 0.636  0.005 (—0.013, 0.023) 0.589 —0.001 (—0.014, 0.012) 0.895 —0.538 (—1.852, 0.776) 0.418
Changef
Dairy products (g/d) —0.142 (—0.636, 0.352) 0.569 —0.001 (—0.003, 0.002) 0.529 -0.001 (—0.002, 0.001) 0.293 -—0.070 (—0.233, 0.094) 0.400 —0.007 (—0.014, —0.001) 0.020
Milk (g/d) —0.152 (—0759, 0.455) 0.620 —0.001 (—0.004, 0.002) 0.550 -—0.001 (—0.003, 0.001) 0.556 0.017 (—0.185, 0.220) 0.865 —0.007 (—0.014, 0.001)  0.093
Yogurt (g/d) —0.078 (—0.907, 0.751) 0.852  0.000 (—0.004, 0.003) 0.846 —0.001 (—0.004, 0.002) 0.468 —0.257 (—0.542,0.028) 0.076 —0.008 (—0.018, 0.003)  0.159
Cheese (g/d) —0.819 (—4.673, 3.034) 0.674 —0.002 (—0.020, 0.016) 0.841 —0.007 (—0.020, 0.006) 0.287 0.104 (—1.290, 1.498) 0.882 —0.028 (—0.079, 0.024) 0.286
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Regression model was adjusted for energy intake (according to the trimester; the model with the change of dairy intake includes the mean of the trimesters), weight gain during

pregnancy, neonatal sex, gestational weeks and Mediterranean diet score (according to the trimester; the model with the change of dairy intake includes the mean of the trimesters).

For weight gain, model was adjusted for energy intake (according to the trimester; the model with the change of dairy intake includes the mean of the trimesters), pre-pregnancy body

mass index, neonatal sex, gestational weeks and Mediterranean diet score (according to the trimester; the model with the change of dairy intake includes the mean of the trimesters).
 Change in dairy products intake during pregnancy occurred between the second and first trimester; Cl, confidence interval.
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oral and written instructions were given asking
women to not change their dietary habits during
the completion of the food diary, changes may have
occurred in habitual eating patterns, and there
may have been omission of less socially acceptable
dietary habits [44].

Conclusion

In summary, the present findings suggest that dairy
product intake during pregnancy would, perhaps,
have an effect on neonatal head circumference,
placental weight, and gestational weight gain.
Evidence from published studies is limited and
the health-related mechanisms of dairy product
consumption are still not well understood. Thus,
further studies are needed to understand the role
of dairy intake during pregnancy on adequate fetal
growth and maternal health, and the underlying
mechanisms.
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