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Abstract: Women’s lifestyle has important implications for the development and health of their
offspring. Yet little is known about the association between women’s preconception dietary intake and
physical activity with cardiovascular health of the offspring. We therefore examined this association in
a group of Dutch women with overweight or obesity (BMI≥ 29 kg/m2) and infertility, who participated
in a 6-month randomized preconception lifestyle intervention trial, and their offspring (n = 46).
Preconception dietary intake and physical activity were assessed during the 6-month intervention
using a food frequency questionnaire and the Short QUestionnaire to ASsess Health-enhancing
physical activity (SQUASH), respectively. Offspring cardiovascular health (i.e., BMI, waist:height ratio,
systolic and diastolic blood pressure, fat and fat free mass, and pulse wave velocity) was measured at
age 3–6 years. Multivariable linear regression analyses were used to examine the associations between
preconception lifestyle and offspring cardiovascular health. Higher preconception vegetable intake
(per 10 g/day) was associated with lower offspring diastolic blood pressure (Z-score: −0.05 (−0.08;
−0.01); p = 0.007) and higher preconception fruit intake (per 10 g/day) was associated with lower
offspring pulse wave velocity (−0.05 m/s (−0.10; −0.01); p = 0.03). Against our expectations, higher
preconception intake of sugary drinks was associated with a higher offspring fat free mass (0.54 kg
(0.01; 1.07); p = 0.045). To conclude, preconception dietary intake is associated with offspring health.

Keywords: preconception dietary intake; preconception physical activity; offspring anthropometry;
offspring blood pressure; offspring pulse wave velocity
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1. Introduction

Women’s lifestyle has important implications for the growth, development and health of their
offspring [1–3]. Suboptimal conditions during the earliest stages of embryonic and fetal development
have lasting consequences for cardiovascular and metabolic health, and thereby increase an individual’s
risk of cardiovascular disease in later life [4]. This phenomenon is known as developmental
programming.

However, lifestyle interventions in pregnancy did not show the desired improvements in offspring
health outcomes, suggesting that these lifestyle interventions were initiated after the most critical period
of early embryo and fetal development [5]. Therefore, interventions starting during the preconception
period might have a larger effect on offspring health [1]. Yet little is known about the association
between women’s preconception dietary intake and physical activity, and cardiovascular health of the
offspring [2].

The LIFEstyle study was a large randomized controlled trial (RCT) studying the effects of a
preconception lifestyle intervention in overweight and obese, infertile women [6,7]. The 6-month
preconception lifestyle intervention favorably changed lifestyle during the intervention [8], leading to
reduced weight [7], and improved cardiometabolic health at the end of the intervention period [9].
Follow-up of the children at age 3–5 years did not show differences in cardiovascular health between
children of mothers in the intervention and control group, possibly due to limited statistical power
and the large inter individual responses to the intervention (Mintjens under review). Throughout the
intervention, women filled out questionnaires regarding their dietary intake and physical activity, giving
us the unique opportunity to study the link between lifestyle before conception and cardiovascular
health outcomes in the offspring.

We hypothesized that women with a more healthy diet, i.e., higher vegetable and fruit consumption
and lower intake of high caloric snacks and beverages, and with more moderate to vigorous physical
activity (MVPA) before conception, have offspring with a lower BMI, lower waist:height ratio, lower
blood pressure, lower fat mass and higher fat free mass, and lower pulse wave velocity (PWV). Since the
literature suggests a positive effect of restoring the energy balance by increasing physical activity [10],
we additionally examined the combined effect of preconception dietary intake and physical activity on
cardiovascular health of the offspring.

2. Materials and Methods

2.1. Study Population

The LIFEstyle study was a large multicenter RCT conducted between 2009 and 2014 in the
Netherlands (Dutch trial register; NTR 1530). The design and results of the LIFEstyle study are
described in detail previously [6,7]. In brief, the original study population consisted of 577 infertile
women between 18 and 39 years old, with a BMI of ≥29 kg/m2. Participants were randomized into a
6-month structured lifestyle intervention program (intervention group), or promptly started infertility
care as usual (control group). The intervention was based on the Dutch dietary guidelines of 2006 [11]
and the Dutch physical activity guidelines [12]. All singleton children, conceived within 24 months after
randomization of their mothers into the LIFEstyle study, were eligible to participate. The follow-up
study (WOMB project) was conducted in 2016 and 2017 when the children were aged 3–6 years old [13].

The LIFEstyle study as well as the WOMB project were conducted according to the guidelines
laid down in the Declaration of Helsinki and all procedures were approved by the Medical Ethics
Committee of the University Medical Centre Groningen, the Netherlands (METc 2008/284). Written
informed consent was obtained from all female participants at the start of the LIFEstyle study as
well as from both parents for the follow-up study. Although the original trial was set up to assess
effects on live birth and hence the sample size was determined based on this outcome, post-hoc power
calculations were done to assess statistical power to detect differences in child health revealing that
with a drop-out rate of 50%, the study would have 80% power to detect a 0.3 unit difference in BMI
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between children of mothers in the intervention group and children in the control group (with an SD
of 1.5 and at an alpha level of 0.05: a reduction in BMI from 16 to 15.7).

2.2. Women’s Preconception Diet and Physical Activity

During participation in the LIFEstyle study, all women were asked to fill out a 33-item food
frequency questionnaire (FFQ) and the Short QUestionnaire to ASsess Health-enhancing physical
activity (SQUASH) four times: at the start of the intervention and at 3, 6, and 12 months after
randomization into the trial.

The FFQ was based on the standardized questionnaire on food consumption used for the Public
Health Monitor in the Netherlands [14], supplemented with questions about the intake of snacks,
soda and alcoholic beverages. Data were collected about frequency of consumption per week or per
month. Portion size was asked per standard household measure. Preconception dietary intake was
operationalized as the last reported intake of vegetables (raw as well as cooked; in units of 10 g/day),
fruit (10 g/day), sugary drinks (fruit juice and soda; glasses/day), savory snacks (crisps, pretzels, nuts
and peanuts; handful/week) and sweet snacks (biscuits, pieces of chocolate, candies or liquorices;
portion/week) before the start of the pregnancy. Additionally, we examined preconception diet using
a self-composed composite score. All five food groups were split based on median intake of the
total study population. For vegetables and fruit, an intake equal to or below the median scored zero
points and an intake above the median scored one point. For sugary drinks, savory and sweet snacks,
the scoring was reversed. The food composite score ranges between 0 and 5 points; the higher the
score, the healthier the dietary intake.

The validated SQUASH questionnaire [15] was used to collect information about commuting
activities, leisure time activities, household activities, and activities at work and school, using three
main questions: days per week active, average time per day/week spending in that particular activity
(hours and/or minutes), and intensity of the activity (low, moderate, high). Preconception physical
activity was operationalized as the last reported total MVPA (hour/week) measurement before the start
of the pregnancy.

2.3. Offspring Cardiovascular Health

Offspring cardiovascular health was measured during the WOMB project by physical examinations
in a mobile research vehicle, which ensured a standardized environment. Examinations were done by
trained researchers, according to a standardized research protocol. Children were asked not to eat or
drink from 90 min before the mobile research vehicle arrived at their home and to empty their bladder
before the measurements started. Height was measured on bare feet to the nearest 0.1 cm using a wall
stadiometer (SECA 206; SECA, Germany). Weight was measured in underwear to the nearest 0.1 kg
using a digital weighting scale (SECA 877; SECA, Germany), while the child was standing still and
looking straight ahead. BMI was calculated by dividing the weight of the child in kilograms by their
height in meters squared. Waist circumference was measured to the nearest 0.1 cm using a flexible
measurement tape (SECA 201; SECA, Germany). Waist to height ratio was calculated by dividing
the waist circumference in centimeters by the height of the child in centimeters. All anthropometric
measurements were done twice, and in case of >0.5 cm difference in height, >0.5 kg difference in weight,
and >1 cm difference in waist circumference between the two measurements, a third measurement was
done. After the child sat quietly for 5 min, blood pressure was measured three times at heart level, in
sitting position at the non-dominant arm, using an automatic measurement device (Omron HBP-1300;
OMRON Healthcare, The Netherlands) with appropriate cuff size. The child was not allowed to talk in
between. Time in between the subsequent measurements was 30 s. After the child laid quietly for
5 min, body composition was measured by bio-electrical impedance (BIA; Bodystat 1500; Bodystat Ltd.,
Isle of Man, UK). Electrode strips were attached at the dorsal side of the left hand and foot, with at least
3–5 cm in between the two electrodes. If the impedance or resistance differed >5 Ω a third measurement
was done. The recalibrated Kushner equation [16] was used to estimate total body water, after which
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fat free mass (kg) and fat mass (as percentage of total body weight) were calculated. Directly after
the BIA measurement, still in supine position, carotid-femoral PWV was measured twice using the
Complior Analyse (Complior; Alam medical, Saint-Quentin-Fallavier, France). Mechanotransducer
sensors were placed at the carotid artery on the right side and on the femoral artery on the left side.
Blood pressure in laying position was measured once before the actual measurement started and
entered in the Complior software. Directly after the measurement, distance between both sensors was
measured and also entered in the Complior software. If the results of the two measurements differed
>10% from each other a third measurement was done. For all physical examinations, mean values of
the two or three measurements were used for data analysis.

2.4. Covariates

The following covariates were obtained from questionnaires filled out by the mother: women’s
ethnicity (Caucasian or not), women’s education level at randomization (no education or primary
school, secondary education, intermediate vocational education, higher vocational education and
university), smoking at randomization (yes/no), and offspring breastfeeding (months exclusively
breastfed). Time in between the last measurement of women’s preconception lifestyle and conception
date (weeks), women’s age at the measurement of preconception lifestyle (years), and age of the child
at the time of the physical examinations (years) were calculated. Women’s diagnosis with polycystic
ovary syndrome (yes/no), offspring sex (boy/girl), birth weight (grams), and mode of conception
(spontaneous, ovulation induction, intra uterine insemination, in vitro fertilization/intracytoplasmic
sperm injection/cryotherapy) were obtained from medical records. To correct for current diet and
physical activity of the offspring, we added total energy intake (kcal) and physical activity as counts per
minute (counts/min) to our models. Offspring dietary intake was recorded by their parents/caregivers
using a standardized food record for three non-consecutive days, including one weekend day. Data
on offspring physical activity was measured for seven consecutive days using the triaxial Actigraph
wGT3X-BT or GT3X+ monitor. We additionally examined if women’s allocated randomization group
during the LIFEstyle study (intervention or control group) affected the associations by adding a
dichotomous variable for treatment allocation to the model.

2.5. Data Analysis

Linear regression analysis was used to examine the association between preconception diet
and physical activity and cardiovascular health of the offspring. Residuals were shown to be
normally distributed. Results are displayed as regression coefficients and 95% confidence intervals
(C.I.). We additionally combined preconception diet, as the self-composed composite score, and
preconception MVPA into one regression model and studied the interaction between those two
independent variables by adding an interaction term into the model. Due to extreme values (+/− 3 SD),
we excluded five woman-child pairs from our analyses regarding preconception MVPA and offspring
cardiovascular health (>33 h preconception MVPA per week).

For the cardiovascular outcomes, age and sex specific BMI Z-scores were calculated by
the lambda-mu-sigma (LMS) method using the World Health Organization (WHO) BMI growth
standards [17]. And age and sex specific blood pressure Z-scores were calculated based on the
fourth report on the diagnosis, evaluation, and treatment of high blood pressure in children and
adolescents [18]. Based on biological implausibility, we excluded two children with a body fat
percentage of <5% from our statistical analysis regarding body composition. We checked if offspring
sex was an effect modifier by adding an interaction term into the regression models. Covariates were
added one by one into the univariate regression models. Effect estimates were small and hence adding
covariates into the univariate model changed the majority of the effect estimates by 10% or more.
We therefore decided only to add covariates into our model if our conclusions changed based on the
adjusted effect estimates and 95% C.I.
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Statistical analyses were performed using the software Statistical Package for the Social
Sciences (SPSS) version 24 for Windows (SPSS, Chicago, IL, USA). p-values < 0.05 were considered
statistically significant.

3. Results

In total, 341 children were conceived within 24 months after the start of the LIFEstyle study and
305 singletons were eligible to participate. We received informed consent of the parents of 51 children
(16.7%) (Figure 1).
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Figure 1. Flow-chart of the women and their offspring included in this study; IC = informed consent.
Total numbers of participants used for analysis differ per dependent/independent variable based on
available data.

Table 1 shows the characteristics of the participating women and their offspring (n = 46).
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Table 1. Study characteristics of the participating women and their offspring (n = 46) 1.

Women’s Characteristics

Age at Pregnancy (Years; Mean; SD) 30.1 (3.9)

Caucasian (yes; n; %) 44 (95.7)
Education level (n; %)

No education or primary school 0
Secondary school 10 (22.7)

Intermediate vocational education 26 (59.1)
Higher vocational education and university 8 (18.2)

Nulliparous (yes; n; %) 34 (73.9)
Pre-pregnancy BMI (kg/m2; mean; SD) 35.3 (3.4)

Gestational diabetes (yes; n; %) 11 (23.9)
Smoking at randomization (yes; n; %) 8 (17.4)

Mode of conception (n; %)
Spontaneous 18 (39.1)

Ovulation induction 16 (34.8)
Intra Uterine Insemination 7 (15.2)

IVF/ICSI/CRYO 5 (10.9)
PCOS (yes; n; %) 20 (43.5)

Offspring’s Characteristics

Sex (boys; n; %) 22 (47.8)
Birth weight (grams; mean; SD) 3497 (507)

Gestational age at birth (weeks; mean; SD) 39.1 (1.7)
Exclusively breastfed (months; median; IQR) 0.0 (0.0; 2.0)

Age of the child at time of physical examinations (years; mean; SD) 4.7 (1.0)
1 Missing data for education level: n = 2 and breastfeeding: n = 4. SD = standard deviation; BMI = Body Mass Index;
IVF = In Vitro Fertilization; ICSI = Intracytoplasmic Sperm Injection; CRYO = Cryotherapy; PCOS = polycystic
ovary syndrome.

At follow-up, offspring had a mean BMI of 16.5 kg/m2 (SD: 1.7) (Z-score 0.69 (SD: 1.05)), with a fat
mass of 21.0% (SD: 8.7) (Table 2). We observed no statistically significant differences comparing the
women and offspring characteristics of participants versus non-participants (Table S1).

Table 2. Offspring cardiovascular health outcomes at the ages 3–6 years old.

Offspring Health n Mean; SD

BMI (kg/m2) 46 16.5 (1.7)
BMI (Z-Score) 1 46 0.69 (1.05)

Waist to height ratio (waist/height) 46 0.49 (0.03)
Systolic blood pressure (mmHg) 43 100.2 (7.5)
Diastolic blood pressure (mmHg) 43 64.2 (7.0)
Systolic blood pressure (Z-Score) 2 43 0.51 (0.59)
Diastolic blood pressure (Z-Score) 2 43 0.94 (0.59)

Fat mass (percentage) 42 21.0 (8.7)
Fat free mass (kg) 42 15.6 (2.3)

Pulse wave velocity (m/s) 34 4.5 (1.0)
1 Z-Scores BMI were calculated using the WHO BMI growth standards, LMS method. 2 Z-Scores blood pressure
were calculated based on “The fourth report on the diagnosis, evaluation, and treatment of high blood pressure in
children and adolescents” of the National Heart, Lung and Blood institute.

Higher preconception vegetable intake (per 10 g/day) was associated with a lower diastolic blood
pressure (DBP) in the offspring (Z-score: −0.05 (−0.08; −0.01); p = 0.007) (Table 3). Higher preconception
fruit intake (10 g/day) was associated with a lower PWV in the offspring (−0.05 m/s (−0.10; −0.01);
p = 0.03). Higher intake of preconception sugary drinks (glass/day) was associated with a higher
offspring fat free mass in the adjusted model (unadjusted: 0.56 kg (−0.14; 1.27); p = 0.11; adjusted:
0.54 kg (0.01; 1.07); p = 0.045). We did not observe any other statistically significant associations between
preconception diet and physical activity and offspring cardiovascular health. Preconception total food
score was not statistically significantly associated with offspring cardiovascular health (Table S2).
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Table 3. Linear regression analyses of preconception diet and physical activity and offspring
cardiovascular health at age 3–6 years.

Preconception Vegetable Intake (10 g/day)

Offspring health n β (95% C.I.) unadjusted p-value β (95% C.I.) adjusted 1 p-value

BMI (Z-Score) 45 −0.01 (−0.07; 0.06) 0.83 NA NA
Waist:height (ratio) 45 0.00 (−0.002; 0.002) 0.95 0.00 (−0.001; 0.002) 0.82

SBP (Z-Score) 43 0.001 (−0.04; 0.04) 0.95 NA NA
DBP (Z-Score) 43 −0.05 (−0.08; −0.01) 0.007 NA NA
Fat mass (%) 42 0.04 (−0.50; 0.59) 0.87 0.03 (−0.47; 0.53) 0.91

Fat free mass (kg) 42 0.07 (−0.08; 0.21) 0.34 0.02 (−0.08; 0.13) 0.66
PWV (m/s) 34 −0.03 (−0.10; 0.05) 0.49 −0.05 (−0.13; 0.03) 0.19

Preconception Fruit Intake (10 g/day)

Offspring health n β (95% C.I.) unadjusted p-value β (95% C.I.) adjusted 1 p-value

BMI (Z-Score) 45 0.01 (−0.04; 0.05) 0.76 NA NA
Waist:height (ratio) 45 0.00 (−0.001; 0.001) 0.90 0.00 (−0.001; 0.001) 0.65

SBP (Z-Score) 43 −0.01 (−0.03; 0.02) 0.64 NA NA
DBP (Z-Score) 43 −0.02 (−0.04; 0.01) 0.17 NA NA
Fat mass (%) 42 0.08 (−0.26; 0.43) 0.63 0.09 (−0.24; 0.42) 0.60

Fat free mass (kg) 42 −0.03 (−0.12; 0.06) 0.51 0.01 (−0.06; 0.08) 0.69
PWV (m/s) 34 −0.06 (−0.10; −0.01) 0.02 −0.05 (−0.10; −0.01) 0.03

Preconception Sugary Drink Intake (Glass/Day)

Offspring health n β (95% C.I.) unadjusted p-value β (95% C.I.) adjusted 1 p-value

BMI (Z-Score) 43 0.02 (−0.29; 0.32) 0.91 NA NA
Waist:height (ratio) 43 0.002 (−0.01; 0.01) 0.67 0.002 (−0.01; 0.01) 0.63

SBP (Z-Score) 41 0.07 (−0.10; 0.25) 0.38 NA NA
DBP (Z-Score) 41 0.12 (−0.05; 0.28) 0.16 NA NA
Fat mass (%) 40 1.53 (−1.18; 4.24) 0.26 0.65 (−1.94; 3.24) 0.61

Fat free mass (kg) 40 0.56 (−0.14; 1.27) 0.11 0.54 (0.01; 1.07) 0.045
PWV (m/s) 32 −0.06 (−0.41; 0.30) 0.76 −0.06 (−0.44; 0.33) 0.77

Preconception Savory Snack Intake (Handful/Week)

Offspring health n β (95% C.I.) unadjusted p-value β (95% C.I.) adjusted 1 p-value

BMI (Z-Score) 43 0.03 (−0.05; 0.10) 0.45 NA NA
Waist:height (ratio) 43 0.002 (0.00; 0.004) 0.08 0.001 (0.00; 0.003) 0.12

SBP (Z-Score) 41 0.01 (−0.03; 0.05) 0.74 NA NA
DBP (Z-Score) 41 −0.01 (−0.05; 0.03) 0.60 NA NA
Fat mass (%) 40 −0.19 (−0.81; 0.43) 0.54 −0.02 (−0.59; 0.55) 0.93

Fat free mass (kg) 40 −0.02 (−0.19; 0.14) 0.78 0.03 (−0.09; 0.16) 0.57
PWV (m/s) 32 −0.04 (−0.14; 0.05) 0.37 −0.04 (−0.14; 0.06) 0.45

Preconception Sweet Snack Intake (Portion/Week) 2

Offspring health n β (95% C.I.) unadjusted p-value β (95% C.I.) adjusted 1 p-value

BMI (Z-Score) 43 −0.01 (−0.09; 0.07) 0.78 NA NA
Waist:height (ratio) 43 −0.001 (−0.003;0.001) 0.56 −0.001 (−0.003; 0.001) 0.43

SBP (Z-Score) 41 0.02 (−0.03; 0.06) 0.45 NA NA
DBP (Z-Score) 41 0.03 (−0.01; 0.07) 0.11 NA NA
Fat mass (%) 40 0.02 (−0.62; 0.66) 0.95 0.08 (−0.50; 0.66) 0.78

Fat free mass (kg) 40 −0.07 (−0.23; 0.10) 0.42 −0.03 (−0.15; 0.10) 0.66
PWV (m/s) 32 −0.01 (−0.09; 0.07) 0.80 0.00 (−0.08; 0.08) >0.99

Preconception Total Moderate to Vigorous Physical Activity (Hour/Week)

Offspring health n β (95% C.I.) unadjusted p-value β (95% C.I.) adjusted 1 p-value

BMI (Z-Score) 40 0.004 (−0.05; 0.05) 0.87 NA NA
Waist:height (ratio) 40 0.001 (−0.001; 0.002) 0.27 0.001 (−0.001; 0.002) 0.36

SBP (Z-Score) 38 −0.004 (−0.03; 0.03) 0.81 NA NA
DBP (Z-Score) 38 −0.01 (−0.04; 0.02) 0.51 NA NA
Fat mass (%) 37 −0.17 (−0.62; 0.28) 0.45 −0.02 (−0.44; 0.41) 0.93

Fat free mass (kg) 37 −0.02 (−0.15; 0.11) 0.77 0.02 (−0.08; 0.11) 0.71
PWV (m/s) 29 0.01 (−0.04; 0.06) 0.77 0.01 (−0.04; 0.06) 0.66

BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure; PWV = pulse wave velocity;
NA = not applicable. 1 Adjusted for offspring sex and offspring age. We did not adjust outcomes expressed in
Z-scores, as sex and age were already taken into account when calculating a Z-score. 2 One portion of sweet snacks
included two biscuits, two pieces of chocolate, five candies, or five pieces of liquorice.
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We did not observe any statistically significant associations when preconception food score and
preconception MVPA were both added into the model (Table 4).

Table 4. Linear regression analysis of the preconception food score (0–5 points; the higher the more
healthy) and preconception moderate to vigorous physical activity (MVPA) and offspring cardiovascular
health at age 3–6 years 1.

Preconception Food Score (0–5 Points) and Preconception MVPA (Hour/Week)

β (95% C.I.) Unadjusted β (95% C.I.) Adjusted 2

n Food score p MVPA p Food score p MVPA p

BMI
(Z-Score) 39 −0.03

(−0.33; 0.26) 0.82 −0.001
(−0.06; 0.06) 0.97 NA NA NA NA

Waist:height
(ratio) 39 −0.002

(−0.01; 0.01) 0.56 0.00
(−0.001; 0.002) 0.53 −0.003

(−0.01; 0.01) 0.45 0.00
(−0.001; 0.002) 0.52

SBP
(Z-Score) 37 −0.03

(−0.20; 0.13) 0.67 0.01
(−0.02; 0.04) 0.59 NA NA NA NA

DBP
(Z-Score) 37 −0.12

(−0.28; 0.04) 0.14 0.01
(−0.02; 0.04) 0.60 NA NA NA NA

Fat mass
(%) 36 0.74

(−1.81; 3.29) 0.56 −0.27
(−0.82; 0.28) 0.32 0.63

(−1.72; 2.98) 0.59 −0.14
(−0.66; 0.39) 0.60

Fat free
mass (kg) 36 0.16

(−0.56; 0.88) 0.66 0.02
(−0.14; 0.17) 0.82 0.15

(−0.39; 0.68) 0.58 0.02
(−0.10; 0.14) 0.75

PWV (m/s) 28 0.15
(−0.16; 0.46) 0.34 0.02

(−0.04; 0.08) 0.50 0.14
(−0.18; 0.47) 0.37 0.02

(−0.04; 0.09) 0.44

BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure; PWV = pulse wave velocity;
NA = not applicable. 1 Results show the association between preconception food score and offspring cardiovascular
health keeping preconception MVPA at a constant level, and the association between preconception MVPA and
offspring cardiovascular health keeping the preconception food score constant. Linear regression model used
for analysis: Offspring cardiovascular health = preconception food score x preconception MVPA x confounders.
2 Adjusted for offspring sex and offspring age. We did not adjust outcomes expressed in Z-scores, as sex and age
were already taken into account when calculating a Z-score.

Additionally, there was no statistically significant interaction between both independent variables
for any of the offspring outcomes (results not shown). Furthermore, we did not observe any effect
modification by offspring sex, nor did our conclusions change when adding women related covariates
(ethnicity, education level, age at the last preconception measurement, mode of conception, time
in between the last measurement of preconception lifestyle and conception date, randomization
group, PCOS, pregnancy BMI, and smoking) and offspring related covariates (sex, age at time of the
physical examinations, breastfeeding, birth weight, current dietary intake (kcal) and physical activity
(counts/min)) into our models.

4. Discussion

Higher intake of vegetables before conception was associated with lower offspring DBP, and
higher intake of fruit before conception was associated with lower offspring PWV. We additionally
observed an unexpected association between higher intake of sugary drinks before conception and
higher offspring fat free mass.

4.1. Interpretation of Results

Due to the relatively small number of mother-child pairs in the study, the effect estimates
have wide confidence intervals and the clinical relevance of these findings are yet to be determined.
The association of higher preconception vegetable intake with lower offspring DBP is in line with a
previous study showing that the higher the Mediterranean Diet Score (MDS) during pregnancy—which
is characterized by a high intake of vegetables—the lower the offspring DBP (3-point increment in
MSD: −0.57 mmHg (−0.98; −0.16)) [19]. Another study, however, did not find that higher vegetable
intake in late pregnancy was associated with lower offspring DBP [20]. It might be that vegetable
intake during the preconception period has a larger influence on offspring DBP compared to vegetable
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intake in late pregnancy, as the fetal heart and organs develop very early in pregnancy and beneficial
effects of vegetable intake preconceptionally can optimally affect cardiovascular development.

There are several underlying mechanisms that might explain the observed associations of
preconception vegetable and fruit intake with offspring’s cardiovascular health. Fruit and vegetable
intake is inversely associated with CRP concentrations [21] and higher maternal CRP levels are
associated with childhood adiposity [22]. Furthermore, it might be that a higher intake of antioxidants,
when consuming a diet rich in fruit and vegetables, is causing the more favorable cardiovascular health
in the offspring [23].

Our finding of increased sugary drinks before conception being associated with higher offspring
fat free mass is not in line with literature [24–26]. It might be that the category sugary drinks in our FFQ
is too broad, including both artificial sweetened beverages and fresh juices. Fruit and vegetable juices
seem to favorably affect women’s cardiometabolic health [27], which might explain the offspring’s
more favorable body composition. However, Jen and colleagues (2017) showed that fruit juice intake
(100% fruit juice only) during pregnancy was associated with a higher offspring fat mass. Given the
number of associations studied we cannot exclude the possibility that this is a chance finding.

This study is unique with respect to the preconception time window during which dietary intake
and physical activity were measured. Our findings add to the current literature that is largely limited
to lifestyle during pregnancy. We did not examine women’s lifestyle during pregnancy, but literature
shows that women increase their fruit and vegetable intake and decrease their intake of fried and fast
food, coffee, and tea during pregnancy [28], which may interact with the effects of preconception intake
on offspring health. Future studies should therefore take both preconception and pregnancy intakes
into account to assess the combined effects on offspring health.

4.2. Strengths and Limitations

An important strength of the current study is the reliable and extensive data collection regarding
cardiovascular health of the children. Additionally, we studied the association of both preconception
dietary intake and physical activity with offspring cardiovascular health, to test whether these two
lifestyle behaviors influenced each other in their association with offspring cardiovascular health.
We collected detailed information about offspring current lifestyle, enabling us to study if associations
between preconception lifestyle and offspring cardiovascular health were confounded by offspring
current lifestyle, which was not the case. This suggests that offspring vascular health is programmed
by preconception lifestyle independently of current offspring diet and physical activity.

A major limitation of the current study is the small sample size, hence it is not possible to conclude
if there truly are no associations between certain preconception lifestyle factors and offspring health,
or that we were not able to observe them. Moreover, because of the small sample size, extreme values
in our data had a large impact on the associations. We studied a large number of associations and
were therefore not able to exclude the possibility of chance findings. Another limitation is the use
of self-reported preconception lifestyle instead of objective measurements. Obese women tend to
underreport unhealthy lifestyle behaviors and over-report healthy lifestyle behaviors [29], which
could have biased our results. Finally, we used a short FFQ to measure women’s dietary intake.
Literature suggests that the complete dietary pattern is involved in developmental programming [30].
Nevertheless, we speculate that the food groups included in our study fairly represent eating a healthy
diet, which is high in fruit and vegetables and low in sugary drinks and snacks.

4.3. Generalizability and Recommendations for Future Research

Our study population included children of women who were infertile. Offspring of infertile women
have a higher diastolic blood pressure compared to offspring of fertile women, irrespective of maternal
BMI before pregnancy [31]. However, our findings cannot be explained by differences in dietary
intake between women who conceived spontaneously and through artificial reproductive technologies,
as correction for mode of conception (spontaneous, ovulation induction, IUI, IVF/ICSI/CRYO) did not
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affect the associations. Since infertility is associated with stress [32], which influences lifestyle [33]
as well as offspring health [34], future research should examine if our results are generalizable to all
women of childbearing age. Our sample size was small and therefore preconception research in larger
study populations should replicate our findings.

5. Conclusions

Preconception dietary intake is associated with offspring health. Higher intakes of vegetable and
fruit before conception were associated with better cardiovascular health in the offspring.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/11/10/2446/s1,
Table S1: Women and offspring characteristics of the participants (n = 46) vs. the non-participants (n = 259),
Table S2: Linear regression analysis of the preconception food score (0–5 points; the higher the more healthy) and
offspring cardiovascular health at age 3–6 years.

Author Contributions: Conceptualization, T.M.v.E., C.v.d.B., A.G., R.J.B.J.G., H.G., A.H., B.W.M., M.N.M.v.P.
and T.J.R.; Formal analysis, T.M.v.E.; Funding acquisition, A.H. and T.J.R.; Investigation, T.M.v.E.; Methodology,
T.M.v.E., C.v.d.B. and T.J.R.; Project administration, T.M.v.E.; Supervision, C.v.d.B., A.G., R.J.B.J.G., H.G., A.H.,
B.W.M., M.N.M.v.P. and T.J.R.; Validation, C.v.d.B.; Visualization, T.M.v.E. and C.v.d.B.; Writing—original draft,
T.M.v.E.; Writing—review and editing, C.v.d.B., A.G., R.J.B.J.G., H.G., A.H., B.W.M., M.N.M.v.P. and T.J.R.

Funding: The LIFEstyle study was funded by ZonMw, the Dutch Organization for Health Research and
Development, grant number: 50-50110-96-518. The follow-up of the LIFEstyle trial was funded by grants from the
Dutch Heart Foundation (2013T085) and the European Commission (Horizon2020 project 633595 DynaHealth).
None of these organizations had a role in data collection, analysis, interpretation of data, or writing the report.

Acknowledgments: We thank all participants of the WOMB project, all participating hospitals and their staff and
the members of the Dutch Consortium (www.studies-obsgyn.nl) for their hard work and dedication. Furthermore,
we thank all members of the WOMB project who contributed to the follow-up study.

Conflicts of Interest: The department of Obstetrics and Gynaecology of the UMCG received an unrestricted
educational grant from Ferring pharmaceuticals BV, The Netherlands, outside the submitted work (AH). BWM is
supported by a NHMRC Practitioner Fellowship (GNT1082548). BWM reports consultancy for ObsEva, Merck
Merck KGaA and Guerbet. All other authors declare that they have no competing interests.

References

1. Stephenson, J.; Heslehurst, N.; Hall, J.; Schoenaker, D.A.J.M.; Hutchinson, J.; Cade, J.E.; Poston, L.; Barrett, G.;
Crozier, S.R.; Barker, M.; et al. Before the beginning: Nutrition and lifestyle in the preconception period and
its importance for future health. Lancet 2018, 391, 1830–1841. [CrossRef]

2. Fleming, T.P.; Watkins, A.J.; Velazquez, M.A.; Mathers, J.C.; Prentice, A.M.; Stephenson, J.; Barker, M.;
Saffery, R.; Yajnik, C.S.; Eckert, J.J.; et al. Origins of lifetime health around the time of conception: Causes
and consequences. Lancet 2018, 391, 1842–1852. [CrossRef]

3. Barker, M.; Dombrowski, S.U.; Colbourn, T.; Fall, C.H.D.; Kriznik, N.M.; Lawrence, W.T.; Norris, S.A.;
Ngaiza, G.; Patel, D.; Skordis-Worrall, J.; et al. Intervention strategies to improve nutrition and health
behaviours before conception. Lancet 2018, 391, 1853–1864. [CrossRef]

4. Barker, D.J.P. The origins of the developmental origins theory. J. Intern. Med. 2007, 261, 412–417. [CrossRef]
5. Catalano, P.; deMouzon, S.H. Maternal obesity and metabolic risk to the offspring: Why lifestyle interventions

may have not achieved the desired outcomes. Int. J. Obes. 2015, 39, 642–649. [CrossRef]
6. Mutsaerts, M.A.; Groen, H.; ter Bogt, N.C.; Bolster, J.H.; Land, J.A.; Bemelmans, W.J.; Kuchenbecker, W.K.;

Hompes, P.G.; Macklon, N.S.; Stolk, R.P.; et al. The LIFESTYLE study: Costs and effects of a structured
lifestyle program in overweight and obese subfertile women to reduce the need for fertility treatment and
improve reproductive outcome. A randomised controlled trial. BMC Women’s Health 2010, 10, 22. [CrossRef]

7. Mutsaerts, M.A.Q.; van Oers, A.M.; Groen, H.; Burggraaff, J.M.; Kuchenbecker, W.K.H.; Perquin, D.A.M.;
Koks, C.A.M.; van Golde, R.; Kaaijk, E.M.; Schierbeek, J.M.; et al. Randomized Trial of a Lifestyle Program in
Obese Infertile Women. N. Engl. J. Med. 2016, 374, 1942–1953. [CrossRef]

8. Van Elten, T.M.; Karsten, M.D.A.; Geelen, A.; van Oers, A.M.; van Poppel, M.N.M.; Groen, H.; Gemke, R.J.B.J.;
Mol, B.W.; Mutsaerts, M.A.Q.; Roseboom, T.J.; et al. Effects of a preconception lifestyle intervention in
obese infertile women on diet and physical activity; A secondary analysis of a randomized controlled trial.
PLoS ONE 2018, 13, e0206888. [CrossRef]

http://www.mdpi.com/2072-6643/11/10/2446/s1
www.studies-obsgyn.nl
http://dx.doi.org/10.1016/S0140-6736(18)30311-8
http://dx.doi.org/10.1016/S0140-6736(18)30312-X
http://dx.doi.org/10.1016/S0140-6736(18)30313-1
http://dx.doi.org/10.1111/j.1365-2796.2007.01809.x
http://dx.doi.org/10.1038/ijo.2015.15
http://dx.doi.org/10.1186/1472-6874-10-22
http://dx.doi.org/10.1056/NEJMoa1505297
http://dx.doi.org/10.1371/journal.pone.0206888


Nutrients 2019, 11, 2446 11 of 12

9. Van Dammen, L.; Wekker, V.; van Oers, A.M.; Mutsaerts, M.A.Q.; Painter, R.C.; Zwinderman, A.H.; Groen, H.;
van de Beek, C.; Muller Kobold, A.C.; Kuchenbecker, W.K.H.; et al. Effect of a lifestyle intervention in obese
infertile women on cardiometabolic health and quality of life: A randomized controlled trial. PLoS ONE
2018, 13, e0190662. [CrossRef]

10. Rosenfeld, C.S. Homage to the “H” in developmental origins of health and disease. J. Dev. Orig. Health Dis.
2017, 8, 8–29. [CrossRef]

11. Gezondheidsraad. Richtlijnen Goede Voeding 2006; Gezondheidsraad: The Hague, The Netherlands, 2006;
ISBN 9055496278.

12. Hildebrandt, V.H.; Ooijendijk, W.T.M.; Hopman-Rock, M. Trendrapport Bewegen en Gezondheid 2006/2007.
Available online: https://www.narcis.nl/publication/RecordID/oai:tudelft.nl:uuid:89f5f1bb-915f-4fe3-9e18-
112362b5ffd9 (accessed on 15 March 2018).

13. Van de Beek, C.; Hoek, A.; Painter, R.C.; Gemke, R.J.B.J.; van Poppel, M.N.M.; Geelen, A.; Groen, H.;
Willem Mol, B.; Roseboom, T.J. Women, their Offspring and iMproving lifestyle for Better cardiovascular
health of both (WOMB project): A protocol of the follow-up of a multicentre randomised controlled trial.
BMJ Open 2018, 8, e016579. [CrossRef] [PubMed]

14. Van den Brink, C.L.; Ocke, M.C.; Houben, A.W.; van Nierop, P.; Droomers, M. Validering van Standaardvraagstelling
Voeding voor Lokale en Nationale Monitor Volksgezondheid; RIVM: Bilthoven, The Netherlands, 2005.

15. Wendel-Vos, G.C.W.; Schuit, A.J.; Saris, W.H.M.; Kromhout, D. Reproducibility and relative validity of the
short questionnaire to assess health-enhancing physical activity. J. Clin. Epidemiol. 2003, 56, 1163–1169.
[CrossRef]

16. De Beer, M.; Timmers, T.; Weijs, P.J.M.; Gemke, R.J.B.J. Validation of total body water analysis by bioelectrical
impedance analysis with deuterium dilution in (pre)school children. e-SPEN Eur. e-J. Clin. Nutr. Metab. 2011,
6, e223–e226. [CrossRef]

17. WHO. The WHO Child Growth Standards; WHO: Geneva, Switzerland, 2016.
18. National High Blood Pressure Education Program Working Group on High Blood Pressure in Children

and Adolescents. The fourth report on the diagnosis, evaluation, and treatment of high blood pressure in
children and adolescents. Pediatrics 2004, 114, 555–576. [CrossRef]

19. Chatzi, L.; Rifas-Shiman, S.L.; Georgiou, V.; Joung, K.E.; Koinaki, S.; Chalkiadaki, G.; Margioris, A.; Sarri, K.;
Vassilaki, M.; Vafeiadi, M.; et al. Adherence to the Mediterranean diet during pregnancy and offspring
adiposity and cardiometabolic traits in childhood. Pediatr. Obes. 2017. [CrossRef] [PubMed]

20. Leary, S.D.; Ness, A.R.; Emmett, P.M.; Davey Smith, G.; Headley, J.E.; ALSPAC Study Team. Maternal diet in
pregnancy and offspring blood pressure. Arch. Dis. Child. 2005, 90, 492–493. [CrossRef] [PubMed]

21. Esmaillzadeh, A.; Kimiagar, M.; Mehrabi, Y.; Azadbakht, L.; Hu, F.B.; Willett, W.C. Fruit and vegetable
intakes, C-reactive protein, and the metabolic syndrome. Am. J. Clin. Nutr. 2006, 84, 1489–1497. [CrossRef]

22. Gaillard, R.; Rifas-Shiman, S.L.; Perng, W.; Oken, E.; Gillman, M.W. Maternal inflammation during pregnancy
and childhood adiposity. Obesity 2016, 24, 1320–1327. [CrossRef]

23. Sen, S.; Simmons, R.A. Maternal Antioxidant Supplementation Prevents Adiposity in the Offspring of
Western Diet-Fed Rats. Diabetes 2010, 59, 3058–3065. [CrossRef]

24. Azad, M.B.; Sharma, A.K.; de Souza, R.J.; Dolinsky, V.W.; Becker, A.B.; Mandhane, P.J.; Turvey, S.E.;
Subbarao, P.; Lefebvre, D.L.; Sears, M.R.; et al. Association Between Artificially Sweetened Beverage
Consumption During Pregnancy and Infant Body Mass Index. JAMA Pediatr. 2016, 170, 662–670. [CrossRef]

25. Jen, V.; Erler, N.S.; Tielemans, M.J.; Braun, K.V.; Jaddoe, V.W.; Franco, O.H.; Voortman, T. Mothers’ intake of
sugar-containing beverages during pregnancy and body composition of their children during childhood:
The Generation R Study. Am. J. Clin. Nutr. 2017, 105, 834–841. [CrossRef] [PubMed]

26. Zhu, Y.; Olsen, S.F.; Mendola, P.; Halldorsson, T.I.; Rawal, S.; Hinkle, S.N.; Yeung, E.H.; Chavarro, J.E.;
Grunnet, L.G.; Granström, C.; et al. Maternal consumption of artificially sweetened beverages during
pregnancy, and offspring growth through 7 years of age: A prospective cohort study. Int. J. Epidemiol. 2017.
[CrossRef] [PubMed]

27. Zheng, J.; Zhou, Y.; Li, S.; Zhang, P.; Zhou, T.; Xu, D.-P.; Li, H.-B. Effects and Mechanisms of Fruit and
Vegetable Juices on Cardiovascular Diseases. Int. J. Mol. Sci. 2017, 18, 555. [CrossRef] [PubMed]

28. Hillier, S.E.; Olander, E.K. Women’s dietary changes before and during pregnancy: A systematic review.
Midwifery 2017, 49, 19–31. [CrossRef]

http://dx.doi.org/10.1371/journal.pone.0190662
http://dx.doi.org/10.1017/S2040174416000465
https://www.narcis.nl/publication/RecordID/oai:tudelft.nl:uuid:89f5f1bb-915f-4fe3-9e18-112362b5ffd9
https://www.narcis.nl/publication/RecordID/oai:tudelft.nl:uuid:89f5f1bb-915f-4fe3-9e18-112362b5ffd9
http://dx.doi.org/10.1136/bmjopen-2017-016579
http://www.ncbi.nlm.nih.gov/pubmed/29371262
http://dx.doi.org/10.1016/S0895-4356(03)00220-8
http://dx.doi.org/10.1016/j.eclnm.2011.09.001
http://dx.doi.org/10.1542/peds.114.2.S2.555
http://dx.doi.org/10.1111/ijpo.12191
http://www.ncbi.nlm.nih.gov/pubmed/28160450
http://dx.doi.org/10.1136/adc.2004.070698
http://www.ncbi.nlm.nih.gov/pubmed/15851431
http://dx.doi.org/10.1093/ajcn/84.6.1489
http://dx.doi.org/10.1002/oby.21484
http://dx.doi.org/10.2337/db10-0301
http://dx.doi.org/10.1001/jamapediatrics.2016.0301
http://dx.doi.org/10.3945/ajcn.116.147934
http://www.ncbi.nlm.nih.gov/pubmed/28275130
http://dx.doi.org/10.1093/ije/dyx095
http://www.ncbi.nlm.nih.gov/pubmed/28586472
http://dx.doi.org/10.3390/ijms18030555
http://www.ncbi.nlm.nih.gov/pubmed/28273863
http://dx.doi.org/10.1016/j.midw.2017.01.014


Nutrients 2019, 11, 2446 12 of 12

29. Scagliusi, F.B.; Ferriolli, E.; Pfrimer, K.; Laureano, C.; Cunha, C.S.F.; Gualano, B.; Lourenço, B.H.; Lancha, A.H.
Characteristics of women who frequently under report their energy intake: A doubly labelled water study.
Eur. J. Clin. Nutr. 2009, 63, 1192–1199. [CrossRef]

30. Harding, J. The nutritional basis of the fetal origins of adult disease. Int. J. Epidemiol. 2001, 30, 15–23.
[CrossRef]

31. Pontesilli, M.; Painter, R.C.; Grooten, I.J.; van der Post, J.A.; Mol, B.W.; Vrijkotte, T.G.M.; Repping, S.;
Roseboom, T.J. Subfertility and assisted reproduction techniques are associated with poorer cardiometabolic
profiles in childhood. Reprod. Biomed. Online 2015, 30, 258–267. [CrossRef]

32. Moura-Ramos, M.; Gameiro, S.; Canavarro, M.C.; Soares, I. Assessing infertility stress: Re-examining the
factor structure of the Fertility Problem Inventory. Hum. Reprod. 2012, 27, 496–505. [CrossRef]

33. Torres, S.J.; Nowson, C.A. Relationship between stress, eating behavior, and obesity. Nutrition 2007, 23,
887–894. [CrossRef]

34. Beydoun, H.; Saftlas, A.F. Physical and mental health outcomes of prenatal maternal stress in human and
animal studies: A review of recent evidence. Paediatr. Perinat. Epidemiol. 2008, 22, 438–466. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1038/ejcn.2009.54
http://dx.doi.org/10.1093/ije/30.1.15
http://dx.doi.org/10.1016/j.rbmo.2014.11.006
http://dx.doi.org/10.1093/humrep/der388
http://dx.doi.org/10.1016/j.nut.2007.08.008
http://dx.doi.org/10.1111/j.1365-3016.2008.00951.x
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Population 
	Women’s Preconception Diet and Physical Activity 
	Offspring Cardiovascular Health 
	Covariates 
	Data Analysis 

	Results 
	Discussion 
	Interpretation of Results 
	Strengths and Limitations 
	Generalizability and Recommendations for Future Research 

	Conclusions 
	References

