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Background: The burden of cardiovascular risk is distributed unequally between ethnic groups. It is uncertain to
what extent this is attributable to ethnic differences in general and abdominal obesity. Therefore, we studied the
contribution of general and abdominal obesity to metabolic cardiovascular risk among different ethnic groups.
Methods: We used data of 21 411 participants of Dutch, South-Asian Surinamese, African-Surinamese, Ghanaian,
Turkish or Moroccan origin in Healthy Life in an Urban Setting (Amsterdam, the Netherlands). Obesity was defined
using body-mass-index (general) or waist-to-height-ratio (abdominal). High metabolic risk was defined as having
at least two of the following: triglycerides �1.7 mmol/l, fasting glucose �5.6 mmol/l, blood pressure �130 mmHg
systolic and/or �85 mmHg diastolic and high-density lipoprotein cholesterol <1.03 mmol/l (men) or <1.29 mmol/l
(women). Results: Among ethnic minority men, age-adjusted prevalence rates of high metabolic risk ranged from
32 to 59% vs. 33% among Dutch men. Contributions of general obesity to high metabolic risk ranged from 7.1 to
17.8%, vs. 10.1% among Dutch men, whereas contributions of abdominal obesity ranged from 52.1 to 92.3%, vs.
53.9% among Dutch men. Among ethnic minority women, age-adjusted prevalence rates of high metabolic risk
ranged from 24 to 35% vs. 12% among Dutch women. Contributions of general obesity ranged from 14.6 to
41.8%, vs. 20% among Dutch women, whereas contributions of abdominal obesity ranged from 68.0 to 92.8%, vs.
72.1% among Dutch women. Conclusions: Obesity, especially abdominal obesity, contributes significantly to the
prevalence of high metabolic cardiovascular risk. Results suggest that this contribution varies substantially
between ethnic groups, which helps explain ethnic differences in cardiovascular risk.
. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .

Introduction

Type-2 diabetes (T2D) and cardiovascular disease (CVD) often
affect ethnic minority groups more than European host

populations.1–3 For example the age-adjusted odds of T2D was 3–
12 times higher among ethnic minority groups in the Netherlands
relative to the Dutch.3 Similarly, some ethnic minority groups have
shown a particularly high incidence of CVD relative to majority
population.1,2

Studies suggest that obesity contributes substantially to the high
prevalence of CVD and T2D globally via several mechanisms [e.g. by
alterations in lipids, blood pressure (BP) and inflammation].4–7

Estimates of this contribution have varied widely.8–10 For example,
studies have estimated that 3–83% of the prevalence of diabetes, and
7–44% of CVD can be attributed to obesity when obesity is defined

by body-mass-index (BMI).8–11 Moreover, previous work has
suggested that abdominal obesity may be a stronger risk factor for
CVD and T2D than general obesity, and may therefore contribute
even more to CVD and T2D.12,13

High rates of general and abdominal obesity are found in ethnic
minority groups.3,14 Thus, part of the ethnic disparities in the
prevalence of CVD and T2D may be attributable to ethnic disparities
in obesity. However, the magnitude of the contribution of obesity to
cardiovascular risk and, to a lesser extent T2D, is currently unknown
among various ethnic minority groups, especially for abdominal
obesity. This uncertainty stems from the fact that this contribution
does not only depend on ethnic disparities in the prevalence of
obesity, but also on disparities in the association between obesity
and metabolic risk.15 The aim of this study is to provide more
insight in the contribution of obesity to cardiovascular and T2D
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risk. To this end, we used data from the Healthy Life in an Urban
Setting (HELIUS) study among participants of several ethnic groups
to estimate the contribution of general and abdominal obesity to
metabolic risk factors associated with CVD and T2D.

Methods

The HELIUS study is a large-scale, multi-ethnic cohort study on
health and health care utilization among different ethnic groups
living in Amsterdam, the Netherlands. The aims and design of the
HELIUS study have been published.16 Briefly, potential participants
aged 18–70 years living in Amsterdam were randomly sampled via
the municipality register, stratified for ethnicity. Baseline data were
obtained in 2011–15 via questionnaires and physical examination. A
total of 90 019 subjects were invited. Approximately 55% responded
either by response card or after a home visit by an ethnically
matched interviewer. Of those, 24 789 agreed to participate,
resulting in response rate of 28% (ranging from 21% among
Moroccans to 35% among Ghanaians). The study protocols were
approved by the AMC Ethical Review Board, and all participants
provided written informed consent.

Ethnicity

Participants’ ethnicity was defined according to the country of birth
of the participant as well as that of his/her parents [for a full
discussion of the concept of ethnicity in the Netherlands (and this
study), see Stronks et al.17]. Specifically, a participant was considered
as of non-Dutch ethnic if he/she fulfilled either of the following
criteria: (1) he/she was born abroad and has at least one parent
born abroad (first generation); or (2) he/she was born in the
Netherlands but both his/her parents were born abroad (second
generation). Of the Surinamese immigrants in the Netherlands,
approximately 80% are either African origin or South-Asian
origin. Surinamese subgroups were classified according to self-
reported ethnic origin. For the Dutch sample, we invited people
who were born in the Netherlands and whose parents were both
born in the Netherlands.

Anthropometric measures

Weight was measured in light clothing using a Seca 877 digital scale
to the nearest 0.1 kg. Height was measured without shoes using a
portable stadiometer (Seca 217) to the nearest 0.1 cm in upright
position. Waist circumference was measured using a flexible tape
measure at the level mid-way between the lower rib margin and
the iliac crest. All measures were taken in duplicate and the mean
was used in the analyses. If the discrepancy between the duplicate
measures differed more than 0.5 cm for height, 0.5 kg for weight or
1 cm for waist circumference, a third measurement was taken. The
two measures which were most similar were used to calculate the
mean.

General obesity was based on BMI, calculated as weight in
kilograms divided by squared height in meters and defined using
WHO cut-off values (BMI � 30 kg/m2) without ethnic-specific cut-
off values consistent with current practice in the Netherlands.18

Abdominal obesity was based on weight-to-height ratio (WHtR),
calculated as the waist circumference in centimeters divided by
height in centimeters. We used the cut-off value proposed by
Ashwell et al.12, namely WHtR �0.5, as there is no WHO cut-off
value for obesity based on WHtR. WHtR was chosen as the
abdominal obesity measure because, of the abdominal obesity
measures, WHtR may be the most robust across ethnic groups.12

Metabolic risk

For this study, we defined high metabolic risk similar to the Adult
Treatment Panel III definition of metabolic syndrome [i.e.
triglycerides, high-density lipoprotein (HDL) cholesterol, fasting

glucose and BP, but not LDL and smoking], but without the
abdominal obesity criterion.19 Thus, we defined high metabolic
risk as having at least two of the following four criteria: high
triglycerides (�150 mg/dl), low HDL cholesterol (<40 mg/dl for
men, <50 mg/dl for women), high fasting glucose (�100m g/dl)
and a high BP (�130/85 mmHg). Using medication related to a
criterion was considered as a fulfillment of that criterion.

BP was measured using a validated automated digital BP device
(WatchBP Home; Microlife AG) on the left arm in a seated position
after the person had been seated for at least 5 min. BP measurements
were conducted in duplicate and the average BP was used for
analysis. Fasting blood samples were drawn, and lipids and glucose
were determined with by enzymatic colorimetric spectrophotometry
and enzymatic spectrophotometric (UV) method respectively
(Roche Diagnostics, Japan).

Study population

Baseline data collected by both questionnaire and physical
examination were available among 22 165 participants. We
excluded participants with a Javanese Surinamese (n = 233), ‘other/
unknown Surinamese’ (n = 267) or unknown/other ethnic
background (n = 48) due to small sample sizes. Furthermore, we
excluded participants with missing data regarding risk factors used
to define high metabolic risk (i.e. triglycerides, HDL, glucose and/or
BP, n = 177), as well as participants with missing data regarding
anthropometric measures (n = 29). This resulted in a study
population of 21 411 participants.

Statistical analyses

Ethnic groups may differ in the obesity prevalence and associated
metabolic risk. To integrate both aspects, we estimated the
population attributable fraction (PAF) of obesity to high
metabolic risk. We first conducted Poisson regression analyses to
determine the prevalence ratio of obesity to high metabolic risk in
each subgroup. These analyses were adjusted for age, and were
conducted separately for BMI and WHtR. Next, we estimated the
PAF of obesity for high metabolic risk via an adjusted PAF
algorithm; PAF = P((PR – 1)/PR) � 100, where P is the
prevalence of obesity among those with high metabolic risk and
PR is the prevalence ratio of obesity on high metabolic risk,
adjusted for age (for a detailed discussion regarding the PAF
formula, see Rockhill et al.20).

We then estimated the prevalence of obesity-related metabolic risk
per ethnic group, separately for general obesity and abdominal
obesity. To this end, we first estimated the prevalence of high
metabolic risk at the mean age of each subgroup via binary
logistic regression. Next, we multiplied this prevalence estimate
with the previously calculated PAF to determine the obesity-
related prevalence of high metabolic risk.

Results

Ethnic groups differed in mean age (40.9–48.1 years in men and
39.9–46.1 years in women; table 1). In men, the prevalence of
BMI-defined general obesity ranged from 10.1% among Dutch
men to 28.1% among Turkish men. In women, the prevalence
ranged from 10.1% among Dutch women to 44.4% Ghanaian
women. The prevalence of WHtR-defined abdominal obesity was
higher and ranged from 54.5% to 79.2% among men and 45.1%
to 84.4% among women. The prevalence of high metabolic risk was
lowest among the Dutch, especially among women. The pattern and
prevalence of individual components used to define high metabolic
risk also differed between ethnic groups. For a list of additional
cardiovascular risk factors per ethnic group, we refer the reader to
Supplementary table S1.
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Among men, the contribution of general obesity to high metabolic
risk ranged from 7.1% among South-Asian Surinamese to 17.8%
among Turkish men, vs. 10.1% among the Dutch (table 2). The
contribution of abdominal obesity to high metabolic risk was
higher than the contribution of general obesity ranging from
52.1% among African Surinamese to 92.3% among Moroccans, vs.
53.9% among the Dutch. Among women, we observed a more
heterogeneous contribution of general obesity to high metabolic
risk; among South-Asian Surinamese, African Surinamese and
Ghanaian women, this contribution varied between 14.6% and
26.6% vs. 20% among the Dutch, whereas among Turkish and
Moroccan women this contribution was substantially higher
(41.2% and 41.8%, respectively). The contribution of abdominal
obesity to high metabolic risk showed a similar pattern, varying
between 68.0% and 73.9% among South-Asian Surinamese,
African Surinamese and Ghanaian women vs. 72.1% among the
Dutch, whereas this contribution among Turkish and Moroccan
women was 82.3% and 92.8%, respectively. We then estimated the
potentially achievable health gain in the population in each ethnic
group if all participants were to have non-obese levels. Adjusted for
age, the prevalence of high metabolic risk varied between 32% and
59% across the ethnic minority men vs. 33% among Dutch men
(figure 1, upper panels). If all men were to be non-obese based on
general obesity, the prevalence of high metabolic risk would be 28%
to 54% among ethnic minority men vs. 30% among the Dutch. If all
men were to be non-obese based on abdominal obesity, the
prevalence of metabolic risk would be 3% to 27% among ethnic
minority men vs. 15% among the Dutch.

Among ethnic minority women, the age-adjusted prevalence
of high metabolic risk varied between 24% and 35% vs. 12%
among the Dutch (figure 1, lower panels). If all ethnic minority
women were to be non-obese based on general obesity, the
prevalence of high metabolic risk would be 16% to 30% among
ethnic minority women vs. 10% among the Dutch. If all ethnic
minority women were to be non-obese based on abdominal
obesity, the prevalence of metabolic risk would be 2% to 9% vs.
3% among the Dutch).

Discussion

Key findings

Obesity, especially abdominal obesity, contributes substantially to
the prevalence of high metabolic risk. Our results suggest that this
contribution is generally higher among ethnic minority groups than
among the Dutch majority population. Hence, reducing the
prevalence of obesity, particularly abdominal obesity, may reduce
the prevalence of high metabolic risk among all ethnic groups and
reduce some of the metabolic risk differences between ethnic
minority groups and the Dutch.

Evaluation of potential limitations

As with all cohort studies, some selection bias may have occurred
due to non-response. The data that was available among non-
responders showed only small SES and agree differences between
responders and non-responders.12 Although SES and age are
known to be related to metabolic health, this non-response data
did not include measures regarding CVD risk or adiposity. So
selection bias is less likely, but we cannot truly evaluate whether
selection bias occurred and, if so, how this bias has affected our
results.

Due to the cross-sectional design, causal inferences regarding
obesity and high metabolic risk should be made with caution.
Although it is widely assumed that a causal relation between fat
accumulation and metabolic disease exists, a high occurrence of
metabolic risk factors may also affect susceptibility for weight gain
and obesity.21,22 If so, this may have led to an overestimation of the
contribution of obesity to the prevalence of high metabolic risk, and
the potential health gain related to weight loss.

We used measures of prevalent cardiovascular risk, based on
components of the metabolic syndrome, as a proxy for overall
cardiovascular risk. Although high metabolic risk can be
considered an inferior outcome measure, the association between
components of metabolic syndrome and CVD has been well
established.23 Nevertheless, this association may differ between

Table 1 Characteristics (mean (SD) or percentage) of the study population, by ethnicity and sex

Dutch South-Asian Surinamese African Surinamese Ghanaian Turkish Moroccan

Men

N 2075 1362 1594 897 1618 1504

Age (years) 46.9 (13.8) 44.8 (13.6) 48.1 (12.9) 46.9 (11.5) 40.9 (12.1) 42.1 (12.7)

BMI (kg/m2) 25.2 (3.8) 25.83 (4.17) 26.28 (4.14) 26.72 (3.76) 27.85 (4.37) 26.69 (4.01)

Waist-to-height ratio 0.51 (0.07) 0.55 (0.07) 0.52 (0.07) 0.54 (0.07) 0.56 (0.07) 0.54 (0.07)

BMI obesity (%) 10.1 13.7 17.2 17.4 28.1 19.2

WHtR obesity (%) 54.5 74.7 60.6 71.5 79.2 74.2

High metabolic risk (%) 38.2 57.0 39.1 38.9 48.9 40.7

High triglycerides (%) 23.7 40.2 18.1 15.5 35.4 21.4

Low HDL cholesterol (%) 20.9 44.6 21.1 17.8 42.0 31.9

High blood pressure (%) 51.5 58.1 64.9 74.0 49.0 44.1

High glucose (%) 36.2 50.9 35.9 36.1 37.5 41.3

Women

N 2452 1663 2496 1418 1957 2375

Age (years) 45.6 (14.2) 46.1 (13.2) 47.8 (12.3) 43.4 (10.7) 39.9 (12.1) 39.4 (12.9)

BMI (kg/m2) 24.4 (4.5) 26.7 (5.3) 28.8 (5.9) 29.6 (5.3) 29.1 (6.5) 28.1 (5.8)

Waist-to-height ratio 0.50 (0.08) 0.57 (0.09) 0.57 (0.09) 0.58 (0.08) 0.58 (0.08) 0.57 (0.10)

BMI obesity (%) 10.1 23.4 37.7 44.4 40.8 35.2

WHtR obesity (%) 45.1 77.8 75.9 84.4 75.6 73.6

High metabolic risk (%) 18.6 43.1 34.1 28.9 30.5 25.6

High triglycerides (%) 11.7 25.3 12.4 7.3 19.0 11.3

Low HDL cholesterol (%) 18.6 47.1 30.9 21.8 42.5 38.7

High blood pressure (%) 28.4 46.1 57.7 62.2 30.2 24.5

High glucose (%) 16.5 34.8 27.1 23.7 20.9 24.1

Notes: Data are mean (SD) or percentages. BMI, body mass index; SD, standard deviation; WHtR, waist to height ratio; HDL, high-density
lipoprotein cholesterol.
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ethnic groups, for example due to ethnic disparities in the age-of-
onset of these risk factors.3 Thus, it would be of value to determine,
in future studies, how the contribution of obesity to metabolic and
CVD disease incidence varies between ethnic groups.

Obesity was measured using anthropometric measures. More
sophisticated measures to determine adiposity mass and distribution
(e.g. Dual-Energy X-Ray Absorptiometry) would be preferable
because these measures may be more accurate and may better
reflect ethnic variations in fat-distributions.24 However, these
measures are impractical for both large cohort studies and daily
clinical practice.

In order to estimate the population contribution of obesity to
high metabolic risk, we did not exclude participants with prior
CVD. However, our results are similar after exclusion of participants
with prior CVD, suggesting that our results are also applicable to a
strictly primary prevention setting (Supplementary table S2).

Discussion of key findings

Although the contribution of general obesity to high metabolic risk
was similar between most ethnic groups, the basis of these
contributions did differ, with the Dutch showing a relatively low
prevalence, but relatively strong association between general

obesity and high metabolic risk, whereas the ethnic minority
groups showed a weaker association and a higher prevalence of
general obesity. This is in accordance with previous studies which
also reported higher prevalence rates of general obesity, but weaker
associations between general obesity and cardiovascular metabolic
disease among ethnic minority groups relative to ethnic majority
groups.25,26 Our results suggest that, despite a similar contribution
of general obesity to high metabolic risk, a similar absolute
reduction in the prevalence of general obesity may not result in a
similarly strong reduction of metabolic risk among all ethnic
minority groups. Thus, among ethnic minority groups, relatively
large reductions in the prevalence of obesity prevalence may be
necessary to reduce disparities in high metabolic risk.

Due to ethnic differences in fat accumulation, distribution and in
the associations between obesity and disease, it has been suggested to
apply different obesity thresholds for different ethnic groups,
especially for BMI.15,27–29 Controlling for these differences by
applying lower, ethnic-specific BMI cut-off values did not strongly
affect our results regarding ethnic disparities in the contribution of
general obesity to high metabolic risk (results not shown),
suggesting that ethnic disparities in fat distribution do not
contribute substantially to our results.

Figure 1 Prevalence of high metabolic risk related and not related to obesity

Notes: The prevalence of high metabolic risk by ethnicity and sex, adjusted for age, and split for obesity related and obesity unrelated
prevalence based on general obesity (body mass index (BMI) �30kg/m2), or abdominal obesity (waist-to-height ratio (WHtR) �0.5). DU,
Dutch; AS, African Surinamese; GH, Ghanaian; MO, Moroccan; TU, Turkish; SA, South-Asian Surinamese
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In our study, general obesity contributed between 7.1% and
26.6% to high metabolic risk for most ethnic groups. This
contribution is similar to contributions found in earlier studies
among the general population in several countries.8–10 For
example, a study from Australia among men and women from the
general population found that BMI-defined obesity contributed to
15.7% of all cases of hypertension, 32.4% of all cases of diabetes and
18.8% of all cases of dyslipidemia.10

Turkish and Moroccan women showed a much stronger
contribution of general obesity to high metabolic risk (41.1% and
41.8%, respectively) than women in the other ethnic groups. Earlier
studies already found a particularly high prevalence of dyslipidemia
among Turkish and Moroccans relative to other ethnic groups.30

Our results suggest that obesity contributes substantially to this
relatively high prevalence of dyslipidemia and overall metabolic risk.

For WHtR-defined obesity, we found that contributions to high
metabolic risk varied between 52.1% and 92.8%. Earlier studies have
reported lower contributions of abdominal obesity to the prevalence
of cardiovascular risk at population level.31,32 For example, an
Australian study on type 2 diabetes, low HDL, increased triglycerides
and hypertension found that abdominal obesity contributed to 17–
38% of these risk factors among men and 30–47% among women.31

Our reported contributions were higher, in part because our
participants were from a different ethnic group with a higher
prevalence of abdominal obesity. However, this does not explain
the higher contribution among the Dutch. Alternatively, these
differences may be related to the use of waist circumference to
define abdominal obesity in the previous study, as waist
circumference may be associated less strongly with metabolic risk
factors relative to WHtR.12

Among some ethnic groups (e.g. Dutch, South-Asian Surinamese),
the contribution of abdominal obesity to high metabolic risk varied
between 50% and 80% whereas among the Moroccan ethnic group
(and, to a lesser extent, Turkish women) this contribution was
substantially higher. Thus, only for some ethnic groups, (factors
related to) abdominal obesity explain almost all of the high
metabolic risk. It is unclear why this is the case only for some
ethnic groups.

Guidelines promote several strategies to reduce the prevalence of
obesity at both population and individual level.33,34 In multi-ethnic
settings, it may be possible to increase the effectiveness of these
strategies by adapting these strategies to the specific ethnic groups

and, possibly, initiating such preventive interventions from a
younger age than among the ethnic majority group.3,35 This may
not only be beneficial due to ethnic differences in the prevalence and
determinants of obesity, but also because the preferred interventions
to reduce weight may differ between ethnic groups (e.g. for cultural
reasons) and these interventions may differ in the effectiveness for
reduction of metabolic risk.36

Conclusions

Obesity contributes substantially to cardiovascular risk across ethnic
groups in the Netherlands. Reducing the prevalence of obesity, in
particular abdominal obesity, could potentially reduce both the risk
of CVD in all populations and may affect ethnic disparities in
cardiovascular risk.

Supplementary data

Supplementary data are available at EURPUB online.
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Key points

� High metabolic risk is particularly common among Turkish
and South-Asian Surinamese.

Table 2 Age adjusted estimated contribution of general obesity or abdominal obesity to high metabolic risk

General obesity (BMI)a Abdominal obesity (WHtR)b

Pc PRd PAFe Pc PRd PAFe

Men

Dutch 21.2 1.9 (1.6; 2.3) 10.1 82.2 2.9 (2.4; 3.5) 53.9

South-Asian Surinamese 19.9 1.6 (1.3; 1.9) 7.1 90.6 2.4 (1.9; 3.2) 53.8

African Surinamese 28.9 1.9 (1.6; 2.2) 13.5 83.8 2.6 (2.1; 3.3) 52.1

Ghanaian 28.7 1.7 (1.4; 2.2) 12.1 92.0 3.5 (2.3; 5.2) 65.4

Turkish 42.9 1.7 (1.5; 2.0) 17.8 95.1 3.8 (2.7; 5.3) 70.2

Moroccan 31.9 1.7 (1.5; 2.1) 13.5 92.3 3.0 (2.2; 4.1) 92.3

Women

Dutch 31.4 2.8 (2.3; 3.4) 20.0 88.1 5.5 (4.1; 7.4) 72.1

South-Asian Surinamese 37.1 1.7 (1.4; 1.9) 14.6 96.1 4.3 (2.9; 6.4) 73.9

African Surinamese 57.9 1.8 (1.6; 2.1) 26.6 94.5 3.6 (2.6; 4.8) 68.0

Ghanaian 62.1 1.6 (1.3; 2.0) 23.8 97.6 3.9 (2.0; 7.3) 72.3

Turkish 71.3 2.4 (2.0; 2.9) 41.2 97.3 6.5 (3.9; 10.8) 82.3

Moroccan 69.7 2.5 (2.1; 3.0) 41.8 99.0 16.0 (7.1; 36.0) 92.8

Notes: aGeneral obesity is defined as a body mass index (BMI) �30 kg/m2.
bAbdominal obesity is defined as a waist-to-height ratio (WHtR) �0.5.
cPrevalence of obesity among participants with high metabolic risk.
dAge-adjusted prevalence ratio (PR) and 95% confidence interval of high metabolic risk between obese and non-obese.
ePopulation attributable fraction (PAF), calculated as P((PR-1)/PR) � 100.
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� Obesity contributes to high metabolic risk among all ethnic
groups.
� This contribution is much higher for abdominal obesity

than general obesity.
� This contribution is particularly high among Turkish and

Moroccans.
� Reducing obesity may affect ethnic disparities in metabolic

risk.
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Background: Several maternal characteristics, including lifestyle, have been associated with perinatal outcomes
and birth anthropometric characteristics of the offspring. This study aimed to identify whether physical activity
(PA) and other lifestyle parameters of the mother are associated with the pregnancy outcomes or with the infant’s
birth anthropometric characteristics. Methods: Participants were recruited in Mitera Maternity Hospital, Athens,
Greece. Socio-demographic, medical history and anthropometric assessment took place. PA during pregnancy was
assessed with the Pregnancy Physical Activity Questionnaire. Dietary assessment was conducted with the Food
Frequency Questionnaire and adherence to the Mediterranean diet was evaluated with the MedDiet score. Birth
weight and gestational age data were also collected. Results: Sedentary-intensity activity scores increased with
increased educational level, while moderate-intensity activity scores decreased with increased educational level.
Pregnant women who delivered large for gestational age infants had lower sports activity score. Higher vigorous
and sports activity score was demonstrated in cases with a vaginal delivery compared with caesarean section. PA
score was significantly and positively correlated with several nutrient intakes and PA was higher in women with a
healthier nutritional pattern. Increased MedDiet scores were found in mothers with increased educational level.
Conclusions: Overall, PA was higher in women with a healthier nutritional pattern. An increased vs. a low activity
level during pregnancy is positively associated with vaginal delivery and with the size of the offspring.
. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .

Introduction

Intrauterine growth and development is considered a vulnerable
process and may have a significant influence in later life of the

offspring. The birth weight of a neonate is a reliable index of
intrauterine growth and a sensitive predictor of its chances of
survival, growth and long-term physical and psychosocial
development.1 Pregnancy malnutrition, excessive weight gain
during pregnancy and low birth weight are associated with
perinatal morbidity and predisposition to diabetes and
cardiovascular disease in adulthood.2,3

Several maternal characteristics (i.e. height, pregravid weight,
weight gain during pregnancy, education) have been associated
with perinatal outcomes, such as foetal growth, considered as
excellent predictors of neonatal size.4 Mother’s body weight is one
of the major factors. As such, obese women are more likely to give
birth to children with larger body size, even when they have lower
average pregnancy weight gain and normal glucose tolerance.5 Also,
physical activity (PA) during pregnancy seems to influence perinatal
outcomes. Weight-bearing exercise of moderate-intensity enhances
foetoplacental growth6 and decreases the risk of chronic diseases
for both mother and child.7 Exercise performed during pregnancy
has been shown to shift the gestational age distribution slightly
upward resulting in reduced preterm births and slightly increased
post-term births.8 In a randomized clinical trial, previously
sedentary women who began exercising at 12th to 14th week
improved fitness and birth outcomes.9 Added to PA, the nutritional
status of the mother plays an important role in child’s health. Poor
maternal nutritional status is related to adverse birth outcomes, such

as low birth weight, preterm birth and intrauterine growth
restriction.2

The aim of this study was to identify whether PA and nutrition of
the mother (daily nutrient intakes and the level of adherence to
Mediterranean diet) is associated with the pregnancy outcomes or
with the infant’s birth anthropometric characteristics.

Methods

Study participants

This is a descriptive epidemiology approach on a Greek sample of
women postpartum. The study design was approved by the Bioethics
Committee of Mitera Maternity Hospital, Athens, Greece. All
participants were recruited between December 2016 and July 2017.
Parents were approached postnatal by a research assistant with
experience in interview administration and data collection.
Selection criteria used to determine eligibility were: age >18 years,
Greek ethnicity and use of Greek language. Women were ineligible if
they had serious complications of pregnancy and surgical
complications (e.g. severe bleeding, any infection, etc.) or multiple
pregnancies. After obtaining a written informed consent, a planned
interview followed to collect all data. If parents were unable to
attend, data were collected via telephone interviews.

Socio-demographic, medical history and
anthropometric assessment

Socio-demographic data, parental weight and height and perinatal
data were reported by the parents or taken from the children’s birth
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