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ABSTRACT

Background: Higher maternal cow-milk intake during pregnancy is associated with higher fetal growth measures and
higher birth weight.

Objective: The aim of this study was to assess the associations of maternal milk intake during pregnancy with body
fat measures and cardiometabolic risk factors at the age of 10 y.

Methods: In a population-based cohort of Dutch mothers and their children (n = 2466) followed from early pregnancy
onwards, we assessed maternal first-trimester milk intake (milk and milk drinks) by food-frequency questionnaire.
Maternal milk intake was categorized into 0-0.9, 1-1.9, 2-2.9, 3-3.9, 4-4.9, and >5 glasses/d, with 1 glass equivalent to
150 mL milk. For children at the age of 10 y, we calculated BMI and obtained detailed measures of body and organ fat
by DXA and MRI. We also measured blood pressure and lipid, insulin, and glucose concentrations. Data were analyzed
using linear and logistic regression models.

Results: Compared with children whose mothers consumed 0-0.9 glass of milk/d during their pregnancy, those whose
mothers consumed >5 glasses of milk/d had a 0.29 SD (95% Cl: 0.10, 0.48) higher BMI, 0.27 SD (95% CI: 0.08, 0.47)
higher fat mass, 0.26 SD (95% Cl: 0.07, 0.46) higher lean mass, 0.30 SD (95% CI: 0.09, 0.50) higher android-to-gynoid fat
mass ratioand 0.38 SD (95% CI: 0.09, 0.67) higher abdominal visceral fat mass. After correction for multiple comparisons,
groups of maternal milk intake were not associated with pericardial fat mass index, liver fat fraction, blood pressure, or
lipid, insulin, or glucose concentrations (P values >0.0125).

Conclusions: Our results suggest that maternal first-trimester milk intake is positively associated with childhood

general and abdominal visceral fat mass and lean mass, but not with other cardiometabolic risk factors. J Nutr

2021;151:1965-1975.
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Introduction

Maternal diet during pregnancy has been shown to be
important for both short- and long-term offspring growth
and development (1, 2). It has been suggested that differ-
ences in maternal diet may lead to adaptations in offspring
organ structure and function, predisposing the offspring to
later cardiometabolic disease (2, 3). Cow-milk is a common
component of the Western diet, including that of pregnant
women. Milk has a high bioavailability of nutrients important
for a child’s growth and development, including protein, fatty
acids, several types of vitamins, calcium, and other minerals

(4, 5). Currently, no recommendations for milk intake specific
for pregnant women exist (6-8). However, research suggests
that milk intake by pregnant women might be related to
fetal growth (9-13). Previous studies have observed mainly
positive linear associations of maternal cow-milk intake during
pregnancy with birth weight, but results for birth length
were less consistent (9-12). In addition, previous studies also
observed positive associations of higher maternal milk intake
during pregnancy with increased fetal biometry measures and
estimated fetal weight from the second trimester onwards

(10, 11).
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The long-term offspring health effects of maternal milk
intake during pregnancy remain unclear. Studies assessing these
associations are scarce and show conflicting results. A study
from the United Kingdom observed, among other dietary
components, no association with child’s height at age 7.5 y
(14), whereas a study from Denmark showed that maternal
milk intake of >150 mL of mainly low-fat milk tended
to be associated with increased height, insulin-like growth
factor I (IGF-I) and insulin concentrations (15). It has been
suggested that maternal milk intake during pregnancy may
activate the nutrient-sensitive kinase mechanistic target of
rapamycin complex 1 (mTORC1) in the placenta, leading to
fetal overnutrition and activated mTORCI1 in the fetus (16,
17). mTORCT is involved in the regulation of cell growth and
proliferation, adipogenesis, and metabolic processes (18-20).
Also, overactivation of mTORCI1 is related to a variety of
diseases, including obesity, insulin resistance, type 2 diabetes,
hypertension, and the metabolic syndrome (16, 18, 20).

Based on this background, we hypothesized that higher
maternal milk intake during pregnancy may influence long-
term offspring body fat distribution and cardiometabolic
development. Therefore, we assessed in a population-based
cohort among 2466 Dutch mothers and their children the
associations of maternal milk intake during pregnancy with
offspring body fat and cardiometabolic risk factors across their
full ranges age at the age of 10 y.

Methods

Study design

This study was embedded in the Generation R Study, a prospec-
tive population-based cohort study from early pregnancy onwards
performed in Rotterdam, the Netherlands (21, 22). The study was
approved by the Medical Ethical Committee of the Erasmus Medical
Center, University Medical Center, Rotterdam (MEC 198.782/2001/31).
Written informed consent was obtained from all mothers at enrollment
in the study. The response rate at birth was 61%. Of the total of 8879
mothers prenatally included in the study, 8663 were enrolled in the
first or second trimester of pregnancy. Of those, 3439 had information
available on milk intake during pregnancy, were of Dutch ethnicity,
and had singleton live-born children. Of these children, 2466 (72%)
children participated in the follow-up measurements at the age of 10 y
(Supplemental Figure 1).

Maternal milk intake during pregnancy

We assessed maternal dietary intake, including consumption of milk,
once at enrollment in the study (median: 13.5 wk of gestation;
95% range: 10.8, 21.1) using a semi-quantitative food-frequency
questionnaire (FFQ). The FFQ used for this study is a 293-item modified
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version of the semi-quantitative FFQ by Klipstein-Grobusch et al.
(23) previously developed for use in an older population. Adaptations
have been made for use in a general population of pregnant women
(24). This FFQ is validated against three 24-h recalls and blood
concentrations of B-vitamins and fatty acids among pregnant women
from the general population (24). This FFQ considered food intake
over the prior 3 mo, thereby covering dietary intake within the first
trimester of pregnancy. The FFQ consists of 293 items structured
according to meal pattern. Questions include consumption frequency,
portion size, preparation method, and additions. Portion sizes were
estimated by using Dutch household measures and photographs of
foods showing different portion sizes (25). To calculate average daily
nutritional values, we used the Dutch food-composition table 2006 (26).
To obtain frequency measures of milk consumption, we summed the
consumption of milk and milk drinks (e.g., chocolate milks or other
flavored, sweetened milk drinks). According to the Dutch household
measures, 1 glass of milk, on average, contains 150 mL milk (25). We
categorized maternal milk intake into 6 categories: 0-0.9 glass/d, 1-
1.9 glasses/d, 2-2.9 glasses/d, 3-3.9 glasses/d, 4-4.9 glasses/d, and >5
glasses/d based on data availability.

Childhood body fat mass

At the age of 10 y, we measured height (centimeters) using a
Harpenden stadiometer (Holtain Limited) and weight (kilograms) using
a mechanical personal scale (SECA) without shoes and heavy clothing
and calculated BMI (kg/m?). We created age- and sex-adjusted SD
scores (SDS) using a Dutch reference growth chart (Growth Analyzer
4.0; Dutch Growth Research Foundation) (27). We defined childhood
overweight and obesity using the International Obesity Task Force
cutoffs (28) and combined overweight and obesity into 1 category for
further analyses. We measured total and regional body fat and lean
mass (kilograms) using DXA (iDXA; General Electric-Lunar, 2008)
(29). Android-to-gynoid fat mass ratio was calculated and used as
a measure of waist-to-hip ratio (29). Abdominal and organ fat were
measured in a subgroup by MRI, as described previously (21). Briefly,
all children were scanned using a 3.0-Tesla MRI (Discovery MR750w;
General Electric Healthcare). The MRI protocol included an axial 3-
point Dixon sequence for fat and water separation (IDEAL IQ) for
liver fat measurements. This technique also enables the generation of
liver fat fraction images (30). An axial abdominal scan from the lower
liver to pelvis and a coronal scan centered at the head of the femurs
were also performed with a 2-point Dixon acquisition (LavaFlex).
The obtained fat scans were analyzed by the Precision Image Analysis
company (PIA), using the SliceOmatic (TomoVision) software package
(31). Total visceral fat volume ranged from the dome of the liver to
the superior part of the femoral head. Fat masses were obtained by
multiplying the total volumes by the specific gravity of adipose tissue,
0.9 g/mL. Liver fat fraction was determined by defining 4 regions of
interest of at least 4 cm? in the central portion of the hepatic volume.
Subsequently, the mean signal intensities were averaged to generate
an overall mean liver fat fraction estimation. Pericardial fat included
both epicardial and paracardial fat directly attached to the pericardium,
ranging from the apex to the left ventricular outflow tract. To create
measures of total fat and lean mass independent of height, we estimated
the optimal adjustment by log—log regression analysis and subsequently
divided total fat mass by height* (fat mass index), abdominal visceral
fat mass and pericardial fat mass by height’ (abdominal visceral fat
mass index and pericardial fat mass index), and lean mass by height?
(lean mass index) (32, 33). More details are given in Supplemental
Methods 1.

Childhood cardiometabolic risk factors

At 10 y of age, systolic and diastolic blood pressure (mm Hg) were
measured at the right brachial artery, 4 times with 1-min intervals,
using the validated automatic sphygmomanometer Datascope Accutor
Plus™ (34). We used the mean systolic and diastolic blood pressure
values from the last 3 blood pressure measurements. Nonfasting venous
blood samples were obtained (22). All blood samples were stored for a
maximum of 4 h at 4°C. Blood samples were transported twice daily
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to the laboratory facility of the regional laboratory in Rotterdam, the
Netherlands (STAR-MDC), where they were centrifuged, processed, and
stored within 4 h of venous puncture (22). Serum concentrations of
total cholesterol (millimoles per liter), HDL cholesterol (millimoles per
liter), triglycerides (millimoles per liter), and glucose concentrations
(millimoles per liter) were measured using the ¢702 module on the
Cobas 8000 analyzer. Serum concentrations of insulin (picomoles per
liter) were measured using electrochemiluminescence immunoassay
on the E411 module (Roche) (22). LDL cholesterol (millimoles per
liter) was calculated using Friedewald’s formula (35). There is no
universally accepted definition of the metabolic syndrome in children
(36). In line with previous definitions used in pediatric populations to
define a childhood metabolic syndrome-like phenotype (36), we defined
clustering of cardiometabolic risk factors as the presence of at least 3 of
the following: abdominal visceral fat mass >75th percentile, systolic or
diastolic blood pressure >75th percentile, triglycerides >75th percentile
or HDL cholesterol <25th percentile, and insulin >75th percentile
(36). As no information on waist circumference was available, we used
abdominal visceral fat mass measured by MRI as a proxy.

Covariates

We assessed maternal age, prepregnancy BMI, parity, educational level,
and folic acid supplementation use by questionnaire at enrollment in
the study. Total energy intake and consumption of fruit, vegetables,
meat, and fish were assessed by FFQ at enrollment in the study.
Smoking, caffeine intake, nausea, and vomiting during pregnancy were
repeatedly assessed by questionnaire. Gestational age was determined
based on fetal ultrasound examinations. We obtained information on
date of birth and the child’s sex from midwife and hospital registries.
Information on breastfeeding was obtained by questionnaire in infancy.
Information on childhood milk intake was obtained by questionnaire
at the age of 8 y. Average television-watching time was assessed by
questionnaire at the age of 10 y.

Statistical analysis

First, we tested for differences in maternal and childhood characteristics
between groups of maternal milk intake using ANOVA for continuous
variables that were normally distributed, Kruskal-Wallis tests for
continuous variables that were not normally distributed, and chi-
square tests for categorical variables. Second, in order to evaluate
possible bias resulting from nonresponse over time, we performed
a nonresponse analysis comparing mothers and children included in
the analyses with those lost to follow-up at the age of 10 y using
independent-samples ¢ tests for continuous variables that were normally
distributed, Mann-Whitney U tests for continuous variables that were
not normally distributed, and chi-square tests for categorical variables.
Third, for our main analysis we used linear regression models to
examine the associations of maternal milk intake during pregnancy
with childhood body fat measures and individual cardiometabolic risk
factors, comparing the children of mothers who consumed 1-1.9,2-2.9,
3-3.9, 4-4.9, and >3 glasses of milk/d, respectively, with those whose
mothers consumed 0-0.9 glass of milk/d. For outcomes that showed a
clear linear relation, we tested whether a dose-response relation was
present by adding the categorized maternal milk intake variable to the
models as a continuous variable. Fourth, we used logistic regression
models to examine the associations of maternal milk intake during
pregnancy with the risk of childhood overweight/obesity and the risk
of clustering of cardiometabolic risk factors. The basic models were
adjusted for child’s sex and age at follow-up measurement. Based on
existing literature, we considered as possible confounders maternal age;
maternal prepregnancy BMI; parity; folic acid supplementation use;
maternal smoking; maternal total energy intake; level of education;
vomiting; nausea; consumption of fruit, vegetables, meat, and fish;
maternal caffeine intake; and child’s television watching. Of these, only
maternal smoking, vomiting, and total energy intake were associated
with both the exposure (maternal milk intake) and the outcomes
(childhood fat measures and cardiometabolic risk factors) in our study,
and changed the effect estimates for the associations between maternal
milk intake and childhood fat measures or cardiometabolic risk factors

by >10%. Therefore, these variables are considered confounders and
are included in the models (confounder models). If associations were
present, we explored whether these associations were mediated by
gestational age—adjusted birth weight, breastfeeding, or childhood milk
intake by adding these variables to the confounder models. Last, we
performed several sensitivity analyses for our main findings: 1) we
repeated the analyses for body fat measures with the highest 3 milk
intake groups combined into 1 category, 2) we repeated the analyses
for body fat measures excluding the milk drinks from the definition of
milk intake, and 3) we assessed the associations of maternal yogurt and
cheese intake with childhood body fat measures in order to examine
whether the observed associations are restricted to milk intake or are
also present for other dairy products. We tested for interaction between
maternal milk intake and child’s sex in the associations of maternal
milk intake during pregnancy with the outcomes. As a statistically
significant interaction was observed in the model with pericardial
fat mass index as the outcome (P < 0.05), results from this model
were presented stratified by child’s sex. No statistically significant
interactions between maternal milk intake and child’s sex were present
in the associations of maternal milk intake during pregnancy with
other childhood fat mass outcomes or cardiometabolic risk factors
(P > 0.05) and therefore no stratified results are reported. We log-
transformed the variables for fat mass index, android-to-gynoid fat mass
ratio, abdominal visceral fat mass index, pericardial fat mass index,
liver fat fraction, triglycerides, and insulin, as these were not normally
distributed. In order to compare effect estimates between the outcomes,
we calculated SDS for all outcomes as (observed value — mean)/SD,
representing the difference between the observed value and the mean
of that particular variable, expressed in SDs. To account for multiple
comparisons, we divided the P value of 0.05 by 4 outcome categories
(body fat, blood pressure, lipids, glucose metabolism), resulting in a P
value of 0.0125, which was considered statistically significant. Missing
values of covariates were imputed using multiple imputation, and
pooled results from 5 imputed datasets were reported. Analyses were
performed using Statistical Package for the Social Sciences version 24.0
(IBM Corporation) and R statistical software version 3.3.4 (37).

Results

Participants’ characteristics

Table 1 shows that, of the 2466 women included, 663 (26.8%),
638 (25.9%), 691 (28.0%), 271 (11.0%), 95 (3.8%), and 108
(4.4%) had milk intakes of 0-0.9, 1-1.9, 2-2.9, 3-3.9, 4-4.9,
and >35 glasses/d, respectively, during pregnancy. Women who
had higher milk intakes smoked more often. These women also
had higher total energy intakes, higher intakes of meat, and
lower intakes of vegetables. Intakes of fruit and fish did not
differ between milk-intake groups. Children born to mothers
with higher milk intakes in pregnancy had higher milk intakes
at the age of 8 y. Supplemental Table 1 shows that, as compared
with women included in the analyses, those lost to follow-up
were younger, more often multiparous, and more often less
educated. These women also had a 0.4-glass/d higher milk
intake and smoked more often during their pregnancy.

Childhood body fat measures

Table 2 shows that, as compared with children whose mothers
consumed 0-0.9 glass of milk/d during their pregnancy, those
whose mothers consumed >5 glasses/d had a higher BMI
(difference: 0.29 SD; 95% CI: 0.10, 0.48), fat mass index
(difference: 0.27 SD; 95% CI: 0.08, 0.47), lean mass index
(difference: 0.26 SD; 95% CI: 0.07, 0.46), android-to-gynoid
fat mass ratio (difference: 0.30 SD; 95% CI: 0.09, 0.50), and
abdominal visceral fat mass index (difference: 0.38 SD; 95% CI:
0.09, 0.67). Children whose mothers consumed 4-4.9 glasses
of milk/d, but not those whose mothers consumed >3 glasses

Maternal milk intake and childhood body fat 1967
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380
368
379

152

Reference

339
330
336
140

Reference

652
632
687
266

Reference

651
631
687
265

Reference

0.06
0.06

651
631
687
265

662 Reference
637

691
269

Reference

—0.15,0.13)
—0.05,0.23)
—0.17,0.22)

0.02,0.63)*

47
60

—0.11,0.44)

NA

—0.01

—0.15,0.15)
—0.08,0.22)
—0.20, 0.20)
—0.27,0.39)

0.09, 0.67)**

0.09
0.02
0.33
0.16

40

53

—0.02,0.20)
—0.03,0.18)

0.07

—0.07,0.22)
—0.10,0.33)
0.09, 0.50)*

0.015*

93
106

0.38

0.09
0.08
0.08
012
0.30

6)

6)

8)

93
106

5

0.07,0.46

—0.02,0.19)
0.02,0.22)*

93 —0.06

106

0.08, 0.49)**

0.26

0.08, 0.47)**
<0.001**

0.09
0.12

0.01,0.21)

0.03, 0.23)*

—0.01, 0.26)
—0.03,0.37)
0.10, 0.48)*

0.001**

0.29
0.27

94
108

0.1

asses

0.13
0.13
017
0.29

asses
asses
asses

1-19¢
2-29g

3-39g¢

4-49g

>5 glasses
P-trend?

"Values are differences in childhood outcomes in SDs (95% Cl) between children whose mothers consumed 1-1.9, 2-2.9, 3-3.9, 4-4.9, and >5 glasses of milk/d, respectively, compared with those whose mothers consumed 0-0.9 glass of

milk/d. One glass is equivalent to 150 mL milk. The models were adjusted for child’s sex, child's age at follow-up measurement, maternal smoking, maternal vomiting, and maternal total energy intake. *P < 0.05,

**P < 0.0125 (Bonferroni-corrected P value).

2P values for trend were obtained from models in which the categorized milk-intake variable was entered as a continuous variable. NA, not applicable (secondary analysis not performed as results from primary analysis are not linear).

of milk/d, had a higher liver fat fraction [differences: 0.33 SD
(95% CI: 0.02, 0.63) and 0.16 SD (95% CI: —0.11, 0.44)
for 4-4.9 glasses and >3 glasses, respectively]. Dose-response
relations were present for the associations of maternal milk
intake during pregnancy with BMI, fat mass index, android-
to-gynoid fat mass ratio (P < 0.05). Most of the observed
associations remained present after correction for multiple
comparisons (P < 0.0125; Table 2). Table 3 shows that higher
maternal milk intakes tended to be associated with a lower
pericardial fat mass index in boys, and with a higher pericardial
fat mass in girls. After correction for multiple comparisons,
only maternal milk intake of >5 glasses/d remained associated
with a higher pericardial fat mass in girls (difference: 0.65 SD;
95% CI: 0.22, 1.07; compared with 0-0.9 glass/d). Results
from the basic models were similar (Supplemental Tables 2
and 3). The observed associations were not explained by
additional adjustment for gestational age—adjusted birth weight,
breastfeeding, or child’s milk intake (Supplemental Tables 4
and 5). Results were similar for sensitivity analyses excluding
the milk drinks or combining the highest 3 milk categories
(Supplemental Tables 6 and 7). Sensitivity analyses with first-
trimester cheese and yogurt intake showed that cheese and
milk intake tended to be associated with lower childhood
fat masses (Supplemental Tables 8 and 9). Figure 1A shows
that, compared with children whose mothers consumed 0-0.9
glass of milk/d during their pregnancy, those whose mothers
consumed >35 glasses of milk/d had an increased risk of
childhood overweight/obesity (OR: 2.55; 95% CI: 1.48, 4.39).
Results from the basic models were similar (Supplemental
Figure 2A).

Childhood cardiometabolic risk factors

Table 4 shows that, compared with children whose mothers
consumed 0-0.9 glass of milk/d, those whose mothers consumed
>5 glasses of milk had higher systolic and diastolic blood
pressures [differences: 0.24 SD (95% CI: 0.03, 0.44) and 0.24
SD (95% CIL: 0.03, 0.45), respectively]. These associations
did not persist after correction for multiple comparisons
(P > 0.0125). Table 5 shows that maternal milk intake during
pregnancy was not associated with childhood lipid, insulin,
or glucose concentrations (P > 0.05). Results from the basic
models were similar (Supplemental Tables 10 and 11). Maternal
milk intake during pregnancy was not associated with the risk of
clustering of cardiometabolic risk factors (P > 0.05; Figure 1B).
Results from the basic models were similar (Supplemental
Figure 2B).

Discussion

In this population-based prospective cohort study, high ma-
ternal milk intake during pregnancy was associated with a
higher childhood general and abdominal visceral fat mass, a
higher lean mass, and a higher risk of overweight/obesity at the
age of 10 y. Maternal milk intake during pregnancy was not
associated with childhood blood pressure, metabolic outcomes,
or cardiometabolic risk factor clustering.

Interpretation of main findings

Results from previous studies, including one from the same
cohort as the current study, strongly suggest that maternal
milk intake during pregnancy is associated with high offspring
birth weight (9-12). Thus far, it is unclear whether maternal
milk intake during pregnancy also affects long-term offspring



TABLE 3 Associations of maternal first-trimester milk intake with childhood pericardial fat at the age of 10 y'

Pericardial fat mass index

Total group (n = 1269) Boys (n = 626) Girls (n = 643)

Maternal milk intake Values n Values n Values n
0-0.9 glass Reference 346 Reference 165 Reference 181
1-1.9 glasses 0.00(—0.15, 0.15) 336 —0.23(—0.45, —0.01)* 160 0.19(—0.01, 0.40) 176
2-29 glasses 0.02(-0.13,0.17) 356 —0.10(—0.31,0.11) 191 0.11(-0.10,0.32) 165
3-3.9 glasses —0.04(—0.24,0.17) 140 —0.33(—0.63, —0.04)* 70 0.24(—0.04,0.52) 70
4-4.9 glasses 0.05(—0.28, 0.39) 39 —0.66 (—1.25, —0.06)* 12 0.41(0.01,0.81)* 27
>5 glasses 0.29(0.00, 0.59) 52 —0.06 (—0.47,0.35) 28 0.65(0.22, 1.07)** 24
P-trend? NA NA 0.003**

"Values are differences in childhood outcomes in SDs (95% Cl) between children whose mothers consumed 1-1.9, 2-2.9, 3-3.9, 4-4.9, and >5 glasses of milk/d, respectively,
compared with those whose mothers consumed 0-0.9 glass of milk/d. One glass is equivalent to 150 mL milk. The models were adjusted for child’s sex, child’s age at follow-up
measurement, maternal smoking, maternal vomiting, and maternal total energy intake. P value for interaction < 0.001. *P < 0.05, ** P < 0.0125 (Bonferroni-corrected P value).
2P values for trend were obtained from models in which the categorized milk-intake variable was entered as a continuous variable. NA, not applicable (secondary analysis not

performed as results from primary analysis are not linear).

body composition. Only 2 studies assessed the associations of
maternal milk intake during pregnancy with offspring growth
and body composition. In a study from the United Kingdom
among 6663 mothers and children, maternal milk intake in
late pregnancy was not associated with height in 7.5-y-old
children (14). In a study among 685 mothers and children
from Denmark, maternal milk intake in late pregnancy was not
associated with offspring BMI at age 20 y (15). In contrast,
we observed that a milk intake of >5 glasses/d was associated
with a higher childhood BMI, fat mass index, android-to-gynoid
fat mass ratio, and a higher risk of overweight/obesity at the
age of 10 y. Dose-response relations were present for most of
these outcomes. Although the models used were similar, the
different results of the current study compared with those of
previous studies might be attributed to differences in definition
of milk intake, fat contents of the milk, or timing of assessment
of maternal milk consumption. In the Danish study, milk
intake was defined as the total intake of whole, semi-skimmed,
skimmed, and cultured milk. Participants from the Danish study
mainly consumed low-fat milk (15). The UK study did not
report on the definition of milk intake or fat contents (14).
In our study, milk intake was defined as the consumption

A
10.0

*%*

of milk or milk drinks, which may be (sugar-) sweetened.
As results from the sensitivity analyses excluding milk drinks
were similar to those with milk drinks included, we consider
it unlikely that added sugars are an important contributor
to the associations observed. Unfortunately, we do not have
information available on fat contents of the milk consumed in
our study, limiting comparison with the previous studies. Both
previous studies assessed milk intake in late pregnancy, whereas
milk intake in our study was assessed in early pregnancy. The
same adverse exposure might have different effects depending
on the stage of development of fetal organ systems (38, 39). Our
results may suggest that early pregnancy is a more important
period with respect to the effects of maternal milk intake
on offspring body composition. Maternal milk intake of >5
glasses of milk/d was also associated with a higher lean mass
index, but no associations were present for lower milk intakes
and no dose-response relation was present. This might suggest
that a high milk intake might affect both fat and lean body
mass, although being more pronounced for fat mass. Children
of mothers with high maternal milk intake during pregnancy
also had higher organ-specific fat masses, including abdominal
visceral fat and liver fat. In addition, maternal milk intake was
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Maternal first trimester milk intake, glasses/d

FIGURE 1 Associations of maternal first-trimester milk intake with the risk of childhood overweight/obesity and clustering of cardiometabolic
risk factors at the age of 10 y. Values are ORs (95% ClI) that reflect the risk of overweight/obesity (A) or clustering of cardiometabolic risk
factors (B) in children whose mothers consumed 1-1.9, 2-2.9, 3-3.9, 4-4.9, and >5 glasses of milk/d, respectively, compared with those whose
mothers consumed 0-0.9 glass of milk/d. One glass is equivalent to 150 mL milk. The models were adjusted for child’s sex, child's age at
follow-up measurement, maternal smoking, maternal vomiting, and maternal total energy intake. **P < 0.0125 (Bonferroni-corrected P value).
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TABLE 4 Associations of maternal first-trimester milk intake with childhood blood pressure at the

age of 10y’

Systolic blood pressure (n= 2379)

Diastolic blood pressure (n= 2379)

Maternal milk intake Values n Values n
0-0.9 glass Reference 635 Reference 635
1-1.9 glasses 0.04(—0.07, 0.15) 616 0.04(—0.08, 0.15) 616
2-29 glasses 0.08(—0.03, 0.19) 667 0.10(—0.01,0.21) 667
3-3.9 glasses 0.11(—0.04, 0.26) 263 0.09(—0.06, 0.23) 263
4-4.9 glasses 0.12(—0.10, 0.34) 92 0.05(—0.17,0.27) 92
>5 glasses 0.24(0.03, 0.44)* 106 0.24(0.03, 0.45)* 106
P-trend? 0.017** 0.024*

"Values are differences in childhood outcomes in SDs (95% Cl) between children whose mothers consumed 1-1.9, 2-2.9, 3-3.9,
4-4.9, and >5 glasses of milk/d, respectively, compared with those whose mothers consumed 0-0.9 glass of milk/d. One glass is
equivalent to 150 mL milk. The models were adjusted for child’s sex, child’s age at follow-up measurement, maternal smoking,
maternal vomiting, and maternal total energy intake. *P < 0.05, ** P < 0.0125 (Bonferroni-corrected P value).

2P values for trend were obtained from models in which the categorized milk-intake variable was entered as continuous variable.

associated with lower pericardial fat mass in boys, but with
higher pericardial fat mass in girls. In adults it has been shown
that men have higher pericardial fat masses than women, but
that correlations of pericardial fat with cardiometabolic risk
factors are higher in women than in men (40). Although not
much is known on sex differences specifically for childhood
pericardial fat mass development, these observed differences
in associations between boys and girls might be attributed to
differences in timing or location of fat deposition throughout
childhood (41,42). Future studies should confirm these findings.
In this study, we observed differences in childhood fat measures
of ~0.3 SD for children of mothers who consumed >3
glasses of milk/d compared with children whose mothers
consumed 0-0.9 glass of milk/d during their pregnancy. These
effect estimates are of comparable size to those for well-
known determinants of childhood adiposity, including maternal
prepregnancy BMI and smoking during pregnancy (43-45).
Thus, our results suggest that high maternal milk intake
during pregnancy seems to be associated with childhood body
composition.

In addition to effects on body composition, it has been
suggested that milk consumption might also influence blood
pressure and metabolism (17, 20). To the best of our knowledge,
this is the first study exploring the associations of maternal milk
intake during pregnancy with childhood blood pressure. We
observed higher systolic and diastolic blood pressure in children
of mothers who consumed >5 glasses of milk/d compared
with children whose mothers consumed 0-0.9 glass of milk/d.
However, these effect estimates were not statistically significant
after correction for multiple comparisons. Further studies
are needed to assess whether maternal milk intake during
pregnancy is associated with blood pressure in childhood.
Thus far, only 1 study among 685 mothers and their 20-
y-old children assessed the associations of maternal milk
intake during pregnancy with offspring metabolic outcomes,
and observed higher insulin and IGF-I concentrations in
children of mothers with milk intakes of >150-600 mL/d
during their pregnancy compared with children whose mothers
consumed 0-150 mL/d (15). In our current study, we did not
observe associations of maternal milk intake during pregnancy
with blood concentrations of lipids, insulin, or glucose or
cardiometabolic risk factor clustering at the age of 10 y.
However, the children in our study were 10 y younger than those
in the study from Denmark. It might be that associations of
maternal milk intake during pregnancy with offspring metabolic
risk factors appear at later ages. Thus, maternal milk intake
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during pregnancy does not seem to be associated with offspring
cardiometabolic risk factors in childhood.

The mechanisms underlying the observed associations of
maternal milk intake during pregnancy with offspring body
composition are not yet known. Translational research has
suggested that milk intake by pregnant women increases
concentrations of insulin, IGF-I, growth hormone, amino acids,
particularly the branched-chain amino acids, and fatty acids in
maternal blood, which might subsequently lead to activation
of the nutrient-sensitive kinase mTORC1 in the placenta.
mTORCI1 is involved in the regulation of cell growth and
adipogenesis (18-20). In addition, overactivation of mTORC1
is associated with several cardiometabolic diseases, including
obesity, insulin resistance, and type 2 diabetes (16, 18, 20).
Activation of mMTORCT in the placenta might result in increased
placental transfer of amino acids and glucose and subsequent
fetal overnutrition, causing fetal mTORC overactivation and
stimulation of anabolic processes, cell growth, and adipogenesis
(16, 17). Also, milk contains microRNAs that might cause
epigenetic upregulation of genes that are involved in the
development of cardiometabolic diseases, such as obesity and
type 2 diabetes (46). These microRNAs are not present in
fermented milk products (46), which might explain the different
associations of maternal cheese and yogurt intake in our study.
In our study, milk intake was defined as the consumption of
milk or milk drinks, which may be (sugar-)sweetened. As results
from the sensitivity analyses excluding milk drinks were similar
to those with milk drinks included, we consider it unlikely that
added sugars are an important contributor to the associations
assessed. It has been suggested that the protein in milk might
be an important contributor to growth and development.
However, previous studies from the same cohort showed that
maternal protein intake during pregnancy was not associated
with offspring body fat or blood pressure at the age of 6 y (47,
48). Therefore, we consider it unlikely that the protein content
of milk is a major contributor to the observed associations.
Further research is needed to disentangle the mechanisms
linking maternal milk intake during pregnancy with adverse
offspring body composition. Alternatively, the associations of
maternal milk intake during pregnancy with offspring body
mass might be explained by confounding by unhealthy lifestyle
factors that are shared within families. Socioeconomic and
lifestyle factors associated with offspring body composition
and cardiometabolic risk in previous research (49-52), such
as maternal age, level of education, parity, smoking during
pregnancy, and caffeine intake during pregnancy, differed



TABLE 5 Associations of maternal first-trimester milk intake with childhood metabolic outcomes at the age of 10y’

HDL cholesterol (n = 1705) LDL cholesterol (n = 1698) Triglycerides (n = 1701) Insulin (n = 1703) Glucose (n=1704)

Total cholesterol (n = 1718)

Values Values Values Values Values

Values

Maternal milk intake

488 Reference 447 Reference 445 Reference 446 Reference 477 Reference 477
0.05
—0.10

Reference

188
5
72

0.05
0.06
0.05
0.24
—0.15

48
188
5

—0.05
—0.03
0.01

450
487
188
57
73

0.09
0.10
0.06
0.16
0.05

486
188
5

3

0.00
0.00
0.04
—0.07
0.02

188
5

—0.05
—0.07
—0.04

0.01
—0.05

188
5

—0.01
—0.03
0.01
0.00
—0.02

asses
asses
asses
asses

1-19¢
2-29¢g
3-39¢g
4-49¢g
>5 glasses

"Values are differences in childhood outcomes in SDs (95% Cl) between children whose mothers consumed 1-1.9, 2-2.9, 3-3.9, 4-4.9, and >5 glasses of milk/d, respectively, compared with those whose mothers consumed 0-0.9 glass of

milk/d. One glass is equivalent to 150 mL milk. The models were adjusted for child’s sex, child's age at follow-up measurement, maternal smoking, maternal vomiting, and maternal total energy intake.

between milk-intake groups. Also, children of mothers with
higher milk intakes also had higher milk intakes at age 8 vy,
which might be explained by shared lifestyles between mother
and child. Although some of these factors were not associated
with the outcomes in our current study and, for those that were,
adjustment for these possible factors did not influence the effect
estimates, we cannot completely exclude that our results are
influenced by shared lifestyle.

No recommendations specific for pregnant women exist. In
the Netherlands, it is recommended that women of reproductive
age consume 2-3 glasses (equivalent to 300-450 mL/d) of
skimmed or semi-skimmed milk products daily, but there are
no recommendations with respect to maximum intakes (6).
These recommendations do not include sugar-sweetened milk
products and cheeses. Recommendations for most European
countries and the United States are similar to those for the
Netherlands, although it should be noted that some differences
including products and portion size exist (7, 8). Our results
suggest that high maternal milk intakes of >5 glasses/d might
have adverse effects for offspring body fat development. In our
study population, 4.4% of participants consumed >5 glasses
of milk/d. However, it should be noted that the Netherlands is
among the countries with the highest milk consumption globally
(>300 kg milk equivalents per capita), along with some other
European countries (53), and that our results are most relevant
for those countries that have high milk consumption. We did not
observe associations of maternal milk intake during pregnancy
with cardiometabolic risk factors. However, as excess body
fat, and especially excess ectopic fat, is an important predictor
of the development of later cardiometabolic disease (54, 55),
we speculate that it might still be possible that children of
mothers with high milk intakes are at risk of these diseases
in adulthood. Replication of our results in other studies and
populations and evidence from randomized controlled trials
are needed before conclusions can be drawn on whether high
milk intake during pregnancy is safe with respect to long-term
offspring cardiometabolic health outcomes.

Strengths and limitations

Our study is embedded in a large population-based cohort
study that follows pregnant women and their children from
early pregnancy until young adulthood, which enabled us
to prospectively study the associations of interest. Of all
participants with available information on maternal milk intake
during pregnancy, 28.3% did not participate in the follow-
up measurements at the age of 10 y. This nonresponse might
have led to biased effect estimates if the associations of
interest differ between those included and not included in
the analyses. As only a small difference in maternal milk
intake of 0.4 glass was observed between these groups, we
consider this unlikely. Compared with the general population
of Rotterdam (56), the population for analysis was highly
educated, which might have affected the generalizability of
the results. Information about maternal milk intake during
pregnancy is based on self-report and we assumed that milk
is consumed in glasses of 150 mL. However, this might
have differed between participants and might subsequently
have led to some misclassification of milk intake and either
under- or overestimation of the effect estimates. The blood
samples were nonfasting and taken during nonfixed times of
the day. This may have led to nondifferential misclassification,
resulting in an underestimation of the effect sizes for insulin
and glucose concentrations. In addition, since no universally
accepted definition of the metabolic syndrome in pediatric
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populations exists (36), there is a potential for nondifferential
misclassification of clustering of cardiometabolic risk factors,
which might have led to an underestimation of the effect
estimates. We were able to adjust our models for many possible
confounders. However, residual confounding by unmeasured
factors—for example, maternal physical activity—might still be
present. Last, it should be noted that, due to the observational
design of the study, we are not able to draw conclusions on the
causality of the observed associations.

Conclusions

Our results suggest that maternal first-trimester milk intake is
positively associated with childhood general and abdominal vis-
ceral fat mass and lean mass but not with other cardiometabolic
risk factors.
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