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Abstract
Background: Ethnic minorities in Europe have high susceptibility to type 2 diabetes (T2DM) and, in some
groups, also cardiovascular disease (CVD). Pregnancy can be considered a stress test that predicts future
morbidity patterns in women and that affects future health of the child.
Objective: To review ethnic differences in: 1) adiposity, hyperglycaemia, and pre-eclampsia during pregnancy;
2) future risk in the mother of obesity, T2DM and CVD; and 3) prenatal development and possible influences
of maternal obesity, hyperglycaemia, and pre-eclampsia on offspring’s future disease risk, as relevant for
ethnic minorities in Europe of Asian and African origin.
Design: Literature review.
Results: Maternal health among ethnic minorities is still sparsely documented. Higher pre-pregnant body
mass index (BMI) is found in women of African and Middle Eastern descent, and lower BMI in women from
East and South Asia compared with women from the majority population. Within study populations,
risk of gestational diabetes mellitus (GDM) is considerably higher in many minority groups, particularly
South Asians, than in the majority population. This increased risk is apparent at lower BMI and younger
ages. Women of African origin have higher risk of pre-eclampsia. A GDM pregnancy implies approximately
seven-fold higher risk of T2DM than normal pregnancies, and both GDM and pre-eclampsia increase
later risk of CVD. Asian neonates have lower birth weights, and mostly also African neonates. This may
translate into increased risks of later obesity, T2DM, and CVD. Foetal overgrowth can promote the same
conditions. Breastfeeding represents a possible strategy to reduce risk of T2DM in both the mother and
the child.
Conclusions: Ethnic minority women in Europe with Asian and African origin and their offspring seem to be
at increased risk of T2DM and CVD, both currently and in the future. Pregnancy is an important window of
opportunity for short and long-term disease prevention.
Keywords: obesity; gestational diabetes; pre-eclampsia; type 2 diabetes; cardiovascular disease; pregnancy; prenatal
development; breastfeeding; ethnicity; immigrants

Received: 1 June 2012; Revised: 15 January 2013; Accepted: 3 February 2013; Published: 28 February 2013

T

he rise in obesity prevalence, particularly childhood and early adulthood obesity, is estimated to
substantially increase the costs for the health care

systems in the EU (1). In 2010, between 35 and 80% of
the adult population in European countries were overweight or obese (2). Together with sedentary behaviours,
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these conditions are the major drivers of the increased
prevalence of type 2 diabetes mellitus (T2DM). Childhood
obesity may also lead to a future epidemic of cardiovascular diseases (CVD) in early adulthood (3). These health
problems are not evenly distributed, as most ethnic
minority groups with origin from low- and middle-income
countries, particularly from Asia and the Middle East, are
disproportionally affected (46). Furthermore, T2DM is
diagnosed up to 1015 years earlier in the first generation
of immigrants from Asia and the Middle East (including
North Africa), compared with ethnic Europeans (5, 7),
and mortality rates from CVD (8) and T2DM (9, 10)
are higher. The pathophysiology of this increased risk is
thought to be complex, involving a life history of gene and
environment interactions, exacerbated by low physical
activity and unfavourable diets (11). Migration may lead
to a rapid ‘Westernization’ of dietary habits, typically an
increase in intake of energy, fat, and refined carbohydrates
and a shift favouring animal relative to vegetable food
sources (12, 13). Some studies point to socioeconomic
deprivation to a large extent explaining the ethnic variations in CVD risk (1417), but to a lesser extent the high
prevalence of T2DM (18). However, as many immigrant
populations in Europe are rather young (19), the morbidity and mortality patterns of the ethnic minority groups
are still emerging.
Pregnancy can be considered a natural stress test for
the mother (20). Complications like gestational diabetes
mellitus (GDM) and pre-eclampsia seem to be early markers of disturbances in glucose metabolism, endothelial
dysfunction, and hypertension (21). In turn, presence of
such factors predicts future risk of T2DM and CVD in the
mother (20). A recent phenomenon is pregnancies complicated by pre-existing T2DM with numbers now exceeding that of type 1 diabetes in Europe (22). Also T2DM
substantially increases the risks of several adverse pregnancy outcomes both for the mother and the child (23).
Research into the developmental origins of health and
disease has established that a poor intrauterine environment may have significant consequences for both foetal
growth and later risk of non-communicable diseases in
the offspring (24, 25). Also foetal overgrowth, which for
a long while has been observed with maternal type 1
diabetes (23), is associated with several adverse outcomes
for mothers and offspring also in milder hyperglycaemia
and obesity (26). Thus, the higher prevalence of T2DM in
ethnic minority women of reproductive age, and possibly
also variations in obesity prevalence, milder forms of
hyperglycaemia, and pre-eclampsia, may have major
health consequences across generations.
The aim of this article is to review the literature about
differences between ethnic groups of Asian and African
origin and the majority population in European countries,
respectively, regarding the following topics: 1) adiposity,
hyperglycaemia, and pre-eclampsia in pregnancy; 2) future
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risk for the mothers of obesity, T2DM, and CVD; and
3) prenatal development and possible influences of
maternal obesity, hyperglycaemia, and pre-eclampsia on
the child’s future risk of obesity, T2DM, and CVD.
Ethnicity may be defined as the social group a person
belongs to because of a shared culture, history, geographical origin, language, diet, physical, genetic, and
other factors (27). In this review, the focus is on populations of Asian and African origin, as they are widely
represented (19). In some countries, this will also include
the second and higher generations after immigration.
Evidence acquisition
Literature was gathered through two different procedures. Systematic searches were performed in PubMed to
identify European studies with a main aim to compare an
outcome in ethnic groups of Asian and African descent
compared with the general population/majority ethnic
group. The selected outcomes were as follows:
1)
2)
3)
4)
5)
6)

adiposity/weight status in pregnant women (Table 1);
gestational weight gain (Table 2);
GDM (Table 3);
pre-eclampsia (Table 4);
post-partum weight retention (Table 2); and
birth weight (Table 5).

For adiposity/weight status in pregnant women, studies
reporting this measure in baseline data were also included. Weight data from the general female population
were excluded as few studies report data for women of
reproductive age separately. The search terms are presented in Appendix 1. The search was limited to papers in
English and within the last 10 years with the final search
1 October 2012. Relevant studies from non-European
countries were included when European studies were
sparse or the studies highlighted specific aspects of
relevance to the paper’s aims.
For literature regarding mechanisms and theoretical
models of relevance to highlight how the long-term
health outcomes (part 2 and 3) may disproportionally
affect ethnic minority groups of Asian and African
origin, a hierarchical strategy was used. PubMed was
searched using relevant search terms regarding a subtopic
to identify: 1) review papers and theoretical reviews; 2)
primary research papers of high quality (primarily cohort
studies thought to be representative) if reviews did not
provide specific information relevant for the ethnic
minority populations in Europe; and 3) relevant reviews
or primary research papers about ethnic differences from
other continents, to be interpreted into a European
context. Only the most recently published papers were
used when relevant.
In the searches, papers on type 1 or type 2 diabetes and
other specific diseases diagnosed prior to pregnancy, as
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Table 1. Comparison of BMI in pregnant women between groups of Asian and African origin and the majority population in European countries
Author, year,
(reference number)

Study design

Djelantik et al. 2012

Community-based

Pregnant women living in

Pre-pregnant BMI

cohort study

Amsterdam, the Netherlands,
January 2003March 2004

(pBMI)

(39)

Jenum et al. 2012
(41)

Study population

Variable

Population-based

Healthy, pregnant women from

Pre-pregnant BMI

cohort study

three city district of Oslo,

(pBMI)

Norway, May 20082010

Hestlehurst et al.

Database study

2010 (37)

et al. 2007 (48)

Early pregnant
BMI

3

(page number not for citation purpose)

Prospective

Nulliparous women attending an

cross-sectional
study

obstetric prenatal outpatient
(pBMI)
clinic, Zürich, Switzerland, January

(40)

cohort study

Nulliparous women attending a

Comments

pBMI 2530 pBMI 30

N
Dutch
African
Turkish
Moroccan
Other non-Western
Other Western

7,871
4,900

13.7%

4.1%

495

30.9%

18.0%

328

22.7%

11.0%

585

33.4%

12.7%

904

21.3%

7.9%

659

11.1%
3.5%
pBMI. Mean (SD)

N
Western Europe
South Asia
East Asia
Middle East
Somalia
Sub-Saharan Africa/
other non-Western

823a
24.6 (4.8)

188

23.7 (4.1)

39
112

22.3 (3.4)
25.9 (5.1)

35

26.8 (6.5)

30

26.3 (6.5)
BMI 2529.9 BMI30

N
White
Asian/Asian British
Black/Black British
Mixed
Chinese or other ethnic
groups

N
Caucasians
Asians
Blacks

619,323

pBMI30 significantly more frequent
among Turkish, Moroccan, and women
of African descent.

Self-reported pre-pregnant weight,
Heterogeneity between groups.

Maternal height and weight at initial
GP appointment, adjusted for

447,423

24.7%

13.7%

gestational age. The study population

50,738

25.6%

10.4%

was found to be nationally

22,525

32.3%

20.6%

representative.

5,962

23.5%

12.7%

Black/Black British had significantly

11,394

20.5%

7.6%

higher ORs for overweight and obesity
(Reference: White. Adjusted for age,

pBMI. Mean (SD)

parity, employment, and deprivation).
Self-reported pre-pregnant weight.

4,034
3,242

23.6 (4.5)

Mean pBMI sign different in Asians, but
not in Blacks, compared to Caucasians.

578

22.5 (3.9)

214

24.1 (4.3)
pBMI25

N
Switzerland
Turkey
Sri Lanka

Self-reported height and weight.

measured height at first visit.

313

Pre-pregnant BMI

prenatal outpatient clinic, Zürich, (pBMI)
Switzerland, 19992003

Results

Pre-pregnant BMI

1996February 2000
Loetscher et al. 2007 Retrospective

n

pBMI30

1,432a

Self-reported pre-pregnant weight,
measured height at first visit.

262

22.9%

8.0%

95

42.1%

16.8%

173

34.1%

4.6%

Adiposity and hyperglycaemia in pregnancy

Ochsenbein-Kölble

Women attending 37 maternity
units in UK, 19892007

Ethnic groups

employment, deprivation, and marital

status.
6.8%
11.2%
14.3%
24.1%
133
1,058

models adjusted for age, parity,

10.4%
28.6%
77

significantly associated with obesity in

9.5%
23.4%
1,486

gestational age. Ethnicity was not

11.2%
18.2%
187

GP appointment, adjusted for

10.8%
23.8%
33,420

Maternal height and weight at initial

well as papers about short time outcomes like stillbirth,
caesarean section, malformations in the offspring, and
about interventions, were excluded. However, as breastfeeding may benefit the mother and the baby in relation
to several topics of interest in this review, this dimension
of nutrition was included. As causal models rely on the
available confounders and may make results from different papers less comparable, we primarily present crude or
minimally adjusted results in the tables, to highlight the
public health aspect. Although some risk factors for the
clinical outcomes are mentioned, causal factors are not
emphasised in this paper.
Part I: Variations in adiposity, hyperglycaemia, and
pre-eclampsia in pregnancy between minority
groups of Asian and African descent and ethnic
Europeans

Results from women of other European and American nationalities not reported in this table.

a

19902004

BMI

Early pregnant

N
Caucasian
Mixed race
Asian/Asian British
Black/Black British
Chinese/other
Ethnic group unknown

36,821

50.0%
BMI 2529.9
118
Africa
Women attending a maternity

unit, Middlesbrough, UK,

groups were presented.
0.0%
2.8%
36
Far East

Database study
2006 (38)

pre-pregnant BMI across ethnic
2.8%
19.4%
36

16.1%
BMI30

No analyses on differences in
8.3%
41.7%
24

South Asia
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Author, year,

(reference number)

Table 1 (Continued)

Study design

Study population

Variable

Ethnic groups

n
Middle East

Results

Comments

Anne Karen Jenum et al.

Pre-pregnant adiposity and gestational weight gain
The health risks associated with overweight and obesity
are, among other factors, attributable to the adipose
tissue being a potent endocrine and paracrine organ (28,
29). Adipose tissue holds metabolic functions which lead
to increased levels of inflammation. Cytokine secreting
macrophages may affect the insulin signalling pathway
and cause increased insulin resistance (26, 30). The
hormones and cytokines produced by adipose tissue are
therefore important links between obesity and obesityrelated complications, including the adverse outcomes
seen in pregnancies (31). Obesity status is usually defined
based on body mass index (BMI), with overweight
at 2529.9 kg/m2 and obesity at BMI ]30 kg/m2 (32),
although this is a crude measure of adiposity, particularly
in the mid-ranges of BMI (33).
Today, more women enter their pregnancies as overweight or obese. Data from the United Kingdom show
that in 2007, 16% of the women entered their pregnancy
as obese, and the rate of increase seems to be accelerating
(14). Both pre-pregnant obesity and excessive weight
gain during pregnancy are found to increase the risk for
GDM and pre-eclampsia in the mother and are linked
with higher post-partum weight retention (34, 35). Prepregnant obesity has also been indicated as an independent risk factor for adverse pregnancy outcomes for the
offspring (36).
Six European studies which compared weight status in
pregnant women of Asian and African descent with the
majority population were identified (Table 1). Just one
study had a nationally representative sample of pregnant
women with register data from more than 600,000 births
in the United Kingdom between 1989 and 2007 (37).
Among women categorised as Black/Black British, more
than 50% were either overweight or obese, and this was
the only group with significantly higher odds ratio (OR)
of obesity than White women in further analyses.
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Table 2. Comparison of gestational weight gain and post-partum weight retention between groups of Asian and African origin and the majority population in European countries
Author, year,
(reference number)
Ochsenbein-Kölble
et al. 2007 (48)

Loetscher et al.
2007 (40)

Groups by
Study design

Study population

Variable

2012 (82)

Results

Comments

Nulliparous women attending an

BMI and weight gain N

sectional study

obstetric prenatal outpatient clinic,

centile curves

Caucasians

Zürich, Switzerland, January

during the

Asians

578

gain than Caucasians over Absolute weight change not presented.

1996February 2000

pregnancy

Blacks

214

the whole pregnancy
period (p B0.001).

Nulliparous women attending a
prenatal outpatient clinic, Zürich,

Gestational weight
gain

Retrospective
cohort study

Prospective cohort

Pregnant women attending antenatal Weight retention

study

care in Amsterdam, the Netherlands, 35 months
January 2003March 2004
post-partum

Results from women of other European and American nationalities not reported in this table.

4,034

Asians and Blacks had

Self-reported pre-pregnant weight.

3,242

significantly lower weight

Weight measured at each antenatal visit.

Mean (SD) net weight gain Self-reported pre-pregnant weight.
Weight at delivery (within 1 week prior

N
Switzerland
Turkey
Sri Lanka
Middle East
South Asia
Far East
Africa

1,432a

N
Dutch
Surinamese
Turkish
Moroccan
Ghanaian

4,212a
2,601

26%

231

27%

171

52%

crude OR for weight retention5 kg

172

33%

(Reference: Dutch)

42

26%

262

10.9 (6.0)

95

11.6 (7.5)

173

8.4 (5.2)

24

11.3 (5.3)

36

10.3 (4.6)

36

11.6 (5.2)

118

9.0 (7.1)
Weight retention5 kg

to delivery) measured at the hospital
No analyses on differences in weight gain
across ethnic groups were presented.

Self-reported pre-pregnant weight and
weight 35 months post-partum.
Turkish women had significantly higher
Adiposity and hyperglycaemia in pregnancy
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a

n

Prospective cross-

Switzerland, 19992003

van Poppel et al.

ethnicity

Author, year,
(reference number)

Study design

Jenum et al. 2012 (41) Population-

Study population

Variable

Healthy, pregnant

GDM with WHO

based cohort

women, living in three

criteria

study

city district of Oslo,
Norway, 20082010

Ethnic groups

n

Crude prevalence

N
Western Europe (ref)
South Asia
Middle East
Other minorities

criteria (no 1-h
glucose values)
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Khalil et al. 2012 (62) Cohort study

Pregnant women in 3

Diagnosis with

hospitals in South

modified WHO

England, UK

criteria (fasting
plasma glucose
]6.0 mmol/l)

Makgoba et al.
2011 (63)

Retrospective

Pregnant women in 15

study

maternity units in North specified.
West London, UK,

Reported by

19882000

midwives at
Inconsistency in
methods and
diagnosis

Figures calculated based on number of cases reported in the paper.
Figures in subgroups not reported.
*For the BMI group: 18.524.9.

b

AOR p 0.026
AOR: adjusted OR, adjusted for

13%

313

11%

188
112

15%
17%

2.24 (1.263.97)
2.13 (1.124.08)

12%

1.45 (0.772.73)

Crude prevalence

AOR p B0.001

146



32%

313

24%

(ref)

188

42%

2.94 (1.944.47)

112

37%

1.79 (1.102.93)

146

30%

1.44 (0.912.28)

1,355 cases (1.8%)a,b Crude OR

N
Caucasian
Afro-Caribbean
South Asian
East Asian
Mixed

age, pre-pregnant BMI, parity

Data collected as part of routine
antenatal care. GDM screening

76,158
(ref)
1.89 (1.662.16)

57,564
11,395
3,645

2.31 (1.902.80)

1,793

2.26 (1.722.96)

1,761

1.18 (0.811.70)
Crude prevalence

N
White European
Black African
Black Caribbean
South Asian
Other minorities

age, pre-pregnant BMI, parity

AOR: adjusted OR, adjusted for

759

GDM criteria not

delivery.

a

N
Western Europe
South Asia
Middle East
Other minorities

Comments

759

GDM with
modified IADPSG

Results

Crude OR*

by 2-step approach

Advancing maternal age and BMI

174,320

1.0%

131,201

0.7%

(ref)

higher risk for risk for GDM in

4,927

1.8%

2.62 (1.833.74)

South Asian and Black African

4,698

1.1%

1.21 (0.722.02)

women than in White European

20,086
13,408

2.0%
2.0%

3.00 (2.513.57)

was associated with significantly
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Table 3. Comparison of the risk of gestational diabetes mellitus (GDM) between groups of Asian and African origin and the majority population in European countries
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Table 4. Comparison of the risk of pre-eclampsia for groups of Asian and African origin and the majority population in European countries
Author, year,
(reference number)
Khalil et al.
2012 (62)

Study design

Study population

Prospective

Pregnant women in 3

Pre-eclampsia,

cohort study

hospitals in South

defined affording

England, UK

Bouthoorn et al.
2012 (78)

Variable

Ethnic groups

Pregnant women, The

Pre-eclampsia,

based

Generation R Study,

defined according

prospective

Rotterdam, the

to ISSHP

cohort study

Netherlands, 20022006

Results
1,698 cases (2.3%)a,b Unadjusted OR

N
Caucasian
to International
Afro-Caribbean
Society for the
South Asian
Study of
East Asian
Hypertension in
Pregnancy (ISSHP) Mixed

Population-

n

Data collected as part of routine
antenatal care. Number of cases

76,158
57,564

(ref)

in subgroups not reported.

11,395
3,645

2.91 (2.623.24)
1.58 (1.281.95)

Significantly higher OR for
pre-eclampsia in Afro-Caribbean

1,793

1.03 (0.721.47)

and South Asian than Caucasian

1,761

1.23 (0.891.72)

women

120 cases (2.1%)

N
Dutch
Turkish
Moroccan
Cape Verde
Surinamese-Creolec
Surinamese-Hindustan

Comments

a

Unadjusted OR

6,215

411% missing values for
hypertensive pregnancy

3,886

1.9%

(ref)

718

1.6%

0.83 (0.441.57)

534

0.8%

0.40 (0.141.10)

331

4.2%

2.22 (1.224.07)

232
250

2.4%
3.8%

1.24 (0.53.11)
2.04 (1.004.13)

complications in ethnic groups

a
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Figures calculated based on number of cases reported in the paper.
Figures in subgroups not reported.
c
Results for the Surinamese, who are reported to have at least partly African (the Creoles) and Indian (the Hindustanis) ancestral origin are given in this table, but not for women from the Antilles.
b

Author, year,
(reference number)
Goedhart, 2008
(122)

Study design

Study population

Population-based

Singleton, live births born

cohort study

in Amsterdam, the
Netherlands, Jan

Variable

Ethnic groups

n

Results

Birth weight

N
Dutch
Turkish

2003March 2004.

7,118a
3,859
361

Comments

Mean birth weight

All ethnic groups had lower mean birth

3,548 g

weight for gestational age compared with
the native Dutch.

1st gen: 3,469 g
2nd gen: 3,429

Moroccan

629

Ghanaian (African)

137

1st gen: 3,527 g
2nd gen: 3,419 g

Kelly et al. 2008
(123)

Population-based

A random sample of all

cohort study

births in England and Wales,

Citation: Food & Nutrition Research 2013, 57: 18889 - http://dx.doi.org/10.3402/fnr.v57i0.18889

(124)

Population-based

All live births in England and Birth weight

register study

Wales, UK, 2005.

Harding, 2006 (127) Population-based
register study

Hospital records from two

2002.

cohort study

N
British White
India
Pakistan
Bangladesh
Black African
Other minorities

17,769a

N
British White
India
Pakistani
Bangladesh
Black African
Other minorities

649,371a

‘The Generation R study’

Estimated foetal

(low-risk pregnancies),

weight (by

Rotterdam, the Netherlands ultrasound at
(data collection from 2002). GW 40)

3,366 g

Mean birth weight

Bangladeshi neonates were on
average 327 g lighter than British whites.

14,068
433

3,416 g
3,072 g

687

3,110 g

215

3,089 g

327

3,343 g

Indians 344 g, Pakistanis
306 g, and Black African 73 g lighter.

2,339
Mean birth weight
418,052

3,393 g

16,053

3,082 g

24,290
8,241

3,130 g
3,075 g

3,535

3,288 g

179,200
Mean birth weight

Birth weight

municipalities in Lisbon,
Portugal, July 2001June

Drooger, 2005 (128) Population -based

2,123

Birth weight

20002001.

Moser et al. 2008

Other minorities

N
Native Portuguese
Foreign-born African
Portugal-born African

3,918

N
Native Dutch
Moroccan

1,494

Term neonates of foreign-born
African mothers were slightly heavier

2,744

3,252 g

than White Portuguese neonates,

750

3,307 g

but this difference disappeared after

424

3,232 g

basic adjustments.

Mean birth weight

Differences not significant in Moroccan
neonates or in Turkish neonates after

741

3,519 g

adjustments for maternal height/weight,

53

3,447 g

parity, and gender.

Anne Karen Jenum et al.
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Table 5. Comparison of differences in birth weight for groups of Asian and African origin and the majority population in European countries
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Table 5 (Continued)
Author, year,
(reference number)

Study design

Study population

Variable

Ethnic groups

register study

National birth data from

66

3,389 g

Cape Verdean

30

3,210 g

(129)

Population-based

Births at three public

register study

hospital prenatal clinics in

One percent of all births in

N
British White
UK-born Indian
Foreign-born Indian
UK-born Pakistani
Foreign-born Pakistanis
UK-born Bangladeshi
Foreign-born Bangladeshi
UK-born Black African
Foreign-born Black African
Other minorities

19832000.

9
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a

Population-based

All births in Norway from

register study

19801995 for four ethnic
groups.

22,463

3,297 g

1,162

Neonates born by North African
immigrants were 154 g heavier than native

808

3,184 g

Belgians, but this difference disappeared

354

3,338 g

when adjusting for gestational age.

Mean birth weight

All groups had significantly lower mean

57,674a

birth weight, compared with British White

52,554
491

3,400 g
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n

Anne Karen Jenum et al.

A previous, smaller population-based study from the
United Kingdom did not find the same, but had a very
low number of Black women (38). The four remaining
studies had maternal weight status included as baseline
characteristics in cohort studies. Thus, the representativeness of the prevalence figures is likely to be variable.
However, one consistent finding from these studies from
the Netherlands (39), Switzerland (40), and Norway (41)
was that women originating from African and Middle
Eastern countries tended to enter their pregnancies with
higher BMI levels than the majority population in each
country.
All six studies found, on the other hand, that pregnant
women of South and East Asian descent overall were
leaner than the European population. For instance,
Asian/Asian British and Chinese/other had significantly
higher OR for lean (BMI B18.5) vs. ideal weight compared with White British women (37). However, these
figures need to be interpreted considering studies showing substantial differences in the amount of body fat
relative to BMI across ethnic groups (42), especially in
Asians (43, 44), where the body fat percentage appears to
be from 18% higher among Asians compared with
Caucasians at a given BMI, sex, and age (45). The
clinical relevance of the variations in body composition is
supported by findings that South Asians appear to be
more insulin resistant than Europeans for the same level
of BMI (46). Thus, altered risks of chronic diseases may
attend at different levels of BMI in different groups
defined by ethnicity (44, 47); therefore, it is difficult
to conclude on the true variations in adiposity between
Asian pregnant women and their European counterparts.
A more widespread use of the suggested lower BMI
cut-off values for defining overweight (BMI ]23 kg/m2)
and obesity (BMI ]25 kg/m2) among South Asians and
other Asian groups should be considered in further
studies (47).
Data are very limited on ethnic variations in gestational
weight gain in Europe, with only two relevant studies from
Switzerland identified (Table 2). Neither of the studies
had ethnic variations in gestational weight gain as a main
study aim. In the largest of these, both Asians and Blacks
had lower weight gain than Caucasians over the whole
pregnancy period (48). The other study reported somewhat higher mean net weight gains among women from
Turkey, the Middle East, and Far East compared to Swiss
women, and lower among women from Sri Lanka, South
Asia, and Africa, but many of the subgroups had very few
participants (40). A review concerning variations in and
health risks of gestational weight gains (35) concludes that
also American data on determinants of gestational weight
gain are sparse. In one North American study, White
women tended to gain excessively, while more Black
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women had inadequate gestational weight gain adjusted
for pre-pregnant BMI and other factors (49).

Gestational diabetes mellitus
In normal pregnancies, maternal immune responses occur
to prevent rejection of the foetus and placenta. Maternal
and placental hormones alter the carbohydrate and lipid
metabolism to ensure shunting of nutrients to the foetus
(26). Pregnancy can be considered as a diabetogenic and
inflammatory state due to the higher levels of maternal
insulin resistance, hyperlipidaemia, and fat deposition.
These normal alterations are aggravated by maternal
adiposity. The insulin resistance in pregnancy increases
about 5060% during pregnancy, irrespective of the prepregnant level (26). Thus, overweight and obese women
start their pregnancy more insulin resistant compared
with normal weight women and become highly insulin
resistant in the second half of their pregnancy (26). This
is also the case for pregnant women from East and
South Asia, as they are found to be more insulin resistant
compared with Western Europeans for the same level of
BMI (46, 50, 51).
Pancreatic b-cells must compensate for the pregnancyinduced insulin resistance with increased insulin secretion. If not, hyperglycaemia may occur (52). South Asian
women are reported to be less able to increase their b-cell
function mutual to the pregnancy-induced insulin resistance compared with Western Europeans (50). Reduced
b-cell insulin response, in the setting of insulin resistance,
is also seen among Asians outside pregnancy (51).
GDM is defined as any degree of glucose intolerance
with onset or first recognition during pregnancy (53, 54).
The initial GDM criteria, which are in use today with
only minor modifications (55), were primarily set to
identify women predisposed to develop T2DM later in
life (56). The WHO criteria, most commonly used in
Europe, include the definition of diabetes and impaired
glucose intolerance outside pregnancy (57). The International Association of Diabetes in Pregnancy Study
Groups (IADPSG) recommend universal screening, and
has proposed new criteria, set to identify women with
increased risk of adverse foetal outcomes (54). Until now,
a two-step screening procedure has mostly been used in
clinical practice and research, implying that only women
with definite risk factors have had an oral glucose
tolerance test, which is the gold standard for a definite
diagnosis of GDM.
The different methodologies, diagnostic criteria, and
screening practises make comparison of prevalence figures between populations a challenge (58). GDM prevalence figures reported from Europe range from 1 to 22%
(58) and will increase substantially if the IADPSG criteria
are adopted (54). The HAPO study found an overall
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GDM prevalence of 18%, ranging from 9.3 to 26% at the
different study sites, with the IADPSG criteria (59). In
line with the trends for obesity and T2DM, increasing
rates of GDM and undiagnosed T2DM in pregnant
women attending antenatal care are observed in most
parts of the world (60, 61).
In the searches, only three European studies, two from
the United Kingdom and one from Norway, were
identified with a main outcome to compare the risk of
GDM in ethnic minority groups with the majority
population (Table 3). The prevalence of GDM differs
substantially in the three studies, reflecting the different
screening practises and diagnostic criteria and sampling
methods.
Nevertheless, within the study population, all the
studies found a 23 higher OR for GDM in women of
South Asian origin (41, 62, 63). The grouping of the ethnic
minority population varies between the studies, but also
Black African (63), East Asian and Afro-Caribbean (62),
and Middle Eastern (41) women had significantly higher
OR for GDM in the three studies. The study based on
the large population in London also points to that
women of Black African and South Asian origin had
higher risk of GDM at a younger age compared with
White British women (63). Similar ethnic differences
and interactions with age have been found in Australia
(64), United States (65), and Canada (66). Furthermore,
women with South Asian origin developed GDM at a
lower BMI compared with other ethnic groups (63), as
also confirmed elsewhere (6769). All studies conclude
that a BMI cut-off of ]25 kg/m2 might not identify Asian
women at risk for GDM. In addition to adiposity and
age, family history and low socioeconomic status partly
explain the increased risk for GDM in ethnic minority
groups (41, 61, 70).
Another important aspect relevant for ethnic differences is that a two- to three-fold higher prevalence of
GDM is reported when applying the new IADPSG
criteria rather than the WHO criteria, mainly due to a
lower cut-off value for fasting plasma glucose (41, 71, 72).
The study from Oslo also showed that compared with the
WHO criteria, the GDM prevalence increased 2.8 times
in the South Asians, compared with 2.2 times in Western
Europeans when applying the IADPSG criteria (41). In
other studies, women with Arab and South Asian origin
have more abnormal fasting plasma glucose values (71).
However, the increase in the GDM prevalence when
applying the IADPSG criteria differed in women from
East and South Asia, as a pattern with relatively lower
fasting values and higher 2-h glucose values was more
prevalent in the East Asian women (41). This is in line
with findings from the HAPO study where women from
East Asia were less likely to be diagnosed with GDM with

the fasting glucose value compared with women from
other study sites (59). Dissimilarities in how the IADPSG
criteria apply to different ethnic groups may shed light
on the possible underlying etiologic variations in glucose
metabolism.

Pre-eclampsia
Pre-eclampsia, defined by the International Society for
the Study of Hypertension in Pregnancy as blood pressure ]140/90 mmHg and 24-h proteinuria ]0.3 g, is a
multisystem disorder characterised by abnormal vascular
response to placentation (73). Pre-eclampsia is the leading cause of maternal mortality globally (74) and may
seriously affect foetal growth. Delivery is the only curative
treatment. The incidence ranges from 3 to 7% for
nulliparous and 1 to 3% for multiparas (73), with slightly
increasing rates in recent years (74). Early pre-eclampsia
(B37 weeks of gestation) is most serious for the mother
and the foetus, and is more likely to recur in later
pregnancies (74). The risk factors for pre-eclampsia may
be divided in two subgroups: those related to immunogenetic factors and those related to maternal disease (75).
Women with pre-existing hypertension, diabetes, obesity,
GDM or a close relative with pre-eclampsia or early CVD
are at increased risk (76, 77).
Only two European studies exploring ethnic differences
in pre-eclampsia were found (Table 4). In the largest
study from United Kingdom, women of Afro-Caribbean
origin had a three-fold higher OR compared with the
Caucasians, and South Asians had an OR of 1.6 (62).
In a study from the Netherlands, women from Cape
Verde and Creoles from Suriname (with at least partly
African origin) had increased risk (78). Studies from the
United States have consistently found that women of
African ancestral origin have the highest risk for preeclampsia (75, 79). However, East Asian women may
have lower risk than White women (75).
Part II: Health consequences of excessive weight
gain, gestational diabetes, and pre-eclampsia for
the mother after pregnancy are ethnic
differences observed in Europe?



Risk of future obesity
Pregnancy has been considered a critical period for
development of overweight and obesity. A significant
proportion of the gestational weight gain is lost at
delivery, and the natural course is to lose most of the
remaining weight within 12 months post-partum (80).
However, women with excessive gestational weight gains
have increased risk of post-partum weight retention (34,
81). Only one European study reporting post-partum
weight retention across ethnic groups was found (Table 2).
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In this Dutch study, 52% of the Turkish mothers had
retained more than 5 kg, 35 months post-partum,
compared with 26% of the Dutch, and this difference
was significant in further analyses (82). Parity, that is, the
number of times a woman has given birth, has been
suggested as a risk factor for development of obesity,
indicating progressive weight gains in mothers with many
children. Such mechanism would be of importance to
groups with high fertility rates. However, recent systematic
reviews contest whether parity is an independent risk
factor for obesity development in general (80). North
American studies have also explored the role of parity
with specific relevance to ethnic differences in postpartum weight retention and find inconsistent relationships (8387). Thus, weight retention patterns in ethnic
minority groups in Europe and their determinants still
need to be explored.
Breastfeeding has been considered to have a beneficial
effect on post-partum weight loss. Two large studies, one
from Denmark (88) and one among racially diverse
women in the United States (89), show a positive effect
of breastfeeding on long-term post-partum weight loss
compared with formula feeding, with stronger effects with
more intensive and longer duration of breastfeeding.
However, the WHO Multicentre Growth Reference Study
found that although breastfeeding mothers in Norway,
USA, Brazil, and India followed the expected trend
(sustained loss the first year, plateaus or slight upward
shifts the second), breastfeeding mothers in Oman lost
little weight and in Ghana they tended to gain weight (90).
This study points to that ethno-cultural practices related
to the mothers’ food-intake and physical activity pattern
seem to attenuate the effect of breastfeeding on weight
retention. Although the overall rates of breastfeeding
differ between European countries, most studies find that
ethnic minority women breastfeed longer than the majority population (91) with some exceptions (92). However,
the United Kingdom Infant Feeding Survey showed that
for every additional 5 years spent in the United Kingdom,
immigrant mothers were 5% less likely to breastfeed for at
least 4 months (93) and the prevalence of breastfeeding is
lower than in their countries of origin (94).
A systematic review points to obese mothers being less
likely to breastfeed compared with normal weight mothers
(95), which may reinforce a tendency to gain weight,
although one study from the United States indicated that
this association could vary between ethnic groups (96).
Little is known about possible associations between
maternal weight status, breastfeeding problems and ethnic
variations in Europe.

Development of type 2 diabetes in women with
previous gestational diabetes
The increasing trend for GDM globally, and the relatively
higher susceptibility of many ethnic minority women in
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Europe today, is worrisome. GDM may reflect either a
pre-existing, undiagnosed T2DM or a pregnancy-induced
glucose-intolerant state with a high risk of future T2DM
(97). Therefore, most clinical guidelines recommend a
sustained screening program after a pregnancy complicated by GDM (98), as T2DM may be prevented or
postponed in these women (99). The gradual fall in b-cell
function and progression into T2DM is influenced by
when in the pregnancy GDM developed, insulin needs,
obesity, and ethnicity; though the relation with ethnicity
is complex and seems to differ between studies (98, 100).
Recurrence rates of GDM in subsequent pregnancies
have been found to vary between 30 and 84%, with
higher rates in minority groups compared with White
populations (97). However, those who did not develop
GDM in a subsequent pregnancy had a reduced risk of
T2DM (101).
We found only one small European study exploring
ethnic differences in conversion rates (102). A recent
review, covering the early post-partum period, found
overt T2DM in 1.24.5% of the women, but impaired
glucose tolerance or impaired fasting glucose in as many
as 1236% (98). South Asians had higher rates of both
screening and abnormal results. Generally, differences in
reported incidence rates of T2DM may reflect differences
in screening procedures and attendance (98), and the
rates of abnormalities are probably underestimates, as
several studies only used fasting glucose (103). The first
review also covering a longer follow-up, included 28
studies, five were from White populations in Europe; the
majority were from the United States (100). The cumulative incidence of T2DM after the index pregnancy with
GDM was found to range as much as from 2.6 to 70%,
dependant on length of follow-up, and with the highest
incidence found in ethnic minorities (100). The incidence
increased rapidly the five first years to about 50% overall,
and then more slowly after 10 years.
A later systematic review of 20 studies including GDM
women and a control group, found that women with
previous GDM had a seven-fold increased relative risk of
developing T2DM, with a slight increase in risk in recent
years (104). When it comes to conversion rates in recent
studies, a large Canadian register study found that women
who had GDM reached an incidence of T2DM of 16%
after 5 years (105). The meta-analysis revealed that the
relative risk was generally consistent for subgroups (age,
BMI, diagnostic criteria, study size), including ethnicity
(104). Eight studies were from Europe; the only one
exploring ethnic differences in conversion to T2DM found
that women of North African origin had higher conversion rates than the majority population (102). Most of the
other studies did not provide comparisons of ethnic
groups relevant for Europe. Some recently published
studies indicate that women of Asian (106, 107) or African
origin (108) may be at an even higher risk of progression
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to T2DM than White women. Nevertheless, clinicians in
Europe today need to be aware of the high prevalence
of GDM and the substantially increased risk of T2DM
regardless of ethnicity for women with pregnancies
complicated by GDM.

likely contributing to their excess risk of hypertension and
CVD (115).

CVD in women with previous gestational diabetes
and pre-eclampsia
In recent years, associations between GDM or preeclampsia and later CVD are increasingly recognised
(20, 21). Women with previous GDM may display early
signs of increased CVD risk through higher values for
endothelial dysfunction, inflammatory markers, and metabolic abnormalities than controls (109). Furthermore,
T2DM negates the protective effect of being a female
on the risk of CVD (110). Little is known about ethnic
differences in the risk of future CVD in women with
previous GDM, as this is a rather new issue which has
to be studied in multi-ethnic cohorts with long-term
follow-up. In a large Canadian population-based cohort,
not stratified for ethnicity, previous GDM gave a 70%
increased risk of developing CVD after 12 years of followup (111). After adjusting for T2DM, the risk was
attenuated, indicating that much of the excess CVD risk
was mediated by the development of T2DM. Therefore,
prevention of T2DM in women with GDM seems indicated also with respect to CVD (99, 111).
Furthermore, women who develop pre-eclampsia seem
to be at increased risk for CVD later in life (20).
Obesity and concomitant hyperlipidaemia, hypertension,
and other disorders associated with pre-existing endothelial dysfunction, such as the metabolic syndrome and
T2DM, are factors shared by women at risk of both preeclampsia and CVD (112). Endothelial dysfunction has
been observed at 23 weeks of gestation in women who
later developed pre-eclampsia, during pre-eclampsia, and
3 months after pre-eclampsia has resolved (113, 114).
Little is known about ethnic differences in susceptibility
for CVD in women with pre-eclampsia. In a metaanalysis, women with a history of pre-eclampsia had a
four-fold increased risk for hypertension, a two-fold
increased risk for ischemic heart disease, stroke, and
deep venous thrombosis, and 1.5-times higher all-cause
mortality (115). The doubled risk of later CVD seemed to
persist more than 20 years after the index pregnancy
(115). Associations between pre-eclampsia and future
CVD seem independent of other known risk factors. Early
onset pre-eclampsia gave the greatest risk of future CVD
with a seven-fold increase (115). For the outcome ischemic
heart disease, five of eight studies were European, and
only one study from the United Kingdom included a
population of mixed ethnicity (116), but results were
not analysed according to ethnic origin. The excess risk of
pre-eclampsia in women of African ancestral origin is

Developmental origin of health and disease
There is now strong evidence supporting that early
development plays a central role in determining an
individual’s risk of later adult disease (117). In short,
this involves mechanisms of developmental plasticity,
including epigenetic processes enabling the development
of a phenotype appropriate for the environment in which
the offspring is predicted to live (118). The phenotypic
characteristics may relate to metabolic control, skeletal
muscle fibre, cardiomyocyte, and nephron numbers and
control systems such as appetite, stress responses, and
timing of puberty. It is thought that mechanisms exist,
mediated through placental function, by which the
mother modulates foetal growth to be appropriate to
her stature, pre-pregnant condition, and nutritional status
(119). A poor intrauterine environment may predispose
the offspring to favour brain growth while restricting
growth of internal organs, bone and muscle, and fat
deposition in the third trimester in anticipation of a poor
post-natal environment (119).
Although the adaptations seem advantageous favouring short time survival, fitness, and reproduction, they
may turn out to be inappropriate in the actual environment the offspring is born into  a term called developmental mismatch (117). This mismatch may result in
long-term increased susceptibility to non-communicable
diseases, such as obesity, T2DM, and CVD (120), as
observed in ethnic minorities in Europe. The mismatch
may arise through unbalanced diet or body composition
of the mother or a change in environment and lifestyle
factors between generations. This may particularly be the
case when there are rapid rural to urban transitions, as in
developing countries, and for immigrants from low- and
middle-income countries to Europe, where the mother
developed in a very different environment from that
where she is pregnant (119).
A rather new developmental pathway to obesity is
hyper-nutrition during foetal life, also called the foetal
overnutrition pathway (120). This may create a ‘vicious
cycle’ where the increasing prevalence of obesity and
T2DM in the mothers endorses obesity in later generations (121). The foetal overnutrition pathway may be
particularly important in Europe and other Western
societies today, irrespective of ethnic background. These
early life developmental factors are not thought to cause
later non-communicable diseases, but may influence such
risks through different non-mutually exclusive pathways,
especially in a later obesogenic environment (117).

Part III: Ethnic differences in prenatal development
and possible effects on future risk of obesity,
diabetes, and CVD
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Neonatal size and body composition
Birth weight is the most accessible and described measure
reflecting foetal growth. We identified nine European
studies comparing birth weight in different ethnic
groups (Table 5). Generally, birth weight was lower for
most groups with maternal origin from low-income
countries than for the majority population, with babies
of Asian descent, particularly South Asian, being the
smallest (122130). A few studies found that neonates
of North African and Sub-Sahara African descent had
similar or even slightly higher birth weight than the
majority population (125, 129, 130). Ethnic differences in
intrauterine growth seem to become more pronounced
towards term (128) and seem to persist also for neonates
of the second generation of mothers (126, 127). In some
studies, parental (131) and socioeconomic factors (123)
may partly explain ethnic differences in birth weight.
Assessment of neonatal body composition, that is, the
description of lean and fat mass, gives a better indication
of growth relative to the in utero environment than birth
weight alone (26). No studies from Europe were identified, but large differences in neonatal body composition
were found when comparing neonates born in the United
Kingdom, India, Congo, Finland, Sri Lanka, China,
Nigeria, and Jamaica (132). Indian neonates from a
poor rural district had small abdominal circumference
and low muscle mass, but relatively preserved body fat,
compared with babies born in Southampton, United
Kingdom (133, 134), also called ‘the thin-fat-phenotype’.
This is proposed to represent a predisposition to T2DM
present at birth (133, 134). Differences in neonatal body
composition between groups with European and African
ancestry have been found in the United States (135),
mostly due to a relative reduction in lean mass. The
patterns and timing of tissue growth also seem to differ
between these groups (136).
Infants of mothers with obesity or hyperglycaemia are
heavier at birth than those of normal weight or normoglycaemic mothers, mostly related to an increase in fat
mass (137). In offspring of women with obesity and
GDM, increased maternal pre-pregnant insulin resistance
is the strongest predictor for neonatal fat mass (138). In
line with this, the large HAPO study, covering several
ethnic groups, showed an independent continuous and
graded relationship between maternal glycaemia and
maternal BMI, and foetal outcomes such as birth weight
above the 90th percentile and neonatal adiposity (139).
When assessed together, both maternal hyperglycaemia
and obesity were independently associated with increased
adiposity in the newborn (140), and their combination
had a greater impact than either one alone. However,
recent studies have found that the influence of maternal
obesity and GDM seemed to be stronger in ethnic
minority groups than in groups with European ancestral
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origin (141, 142) and that the combined effects were
particularly strong in these groups.
Pre-eclampsia is, on the other hand, associated with an
increased risk of intrauterine growth restriction (143),
often characterised by a relative sparing of head and
skeletal growth, and relatively more reduced abdominal
size and subcutaneous fat mass. In line with the observed
susceptibility for pre-eclampsia in women of AfricanCaribbean origin, their offspring seem to be at increased
risk of growth restriction and other adverse outcomes
related to pre-eclampsia (62).

Early origins of childhood and adult obesity
Although many factors will contribute to obesity development over the life course, both a restricted and an
excessive in utero environment appear to have an independent effect on later risk of obesity and related chronic
diseases (144). In a large systematic review, maternal BMI,
early rapid growth, early adiposity rebound, childhood
obesity, and low paternal employment status were the
factors most consistently associated with adult obesity
(145). However, studies exploring the associations between low and high birth weight and subsequent adult
obesity showed mixed results. This may partly be related
to the fact that birth weight is a crude indicator of the
uterine environment. Prenatal influences on the development of the liver, pancreas, and endothelial cells, and an
altered body composition may be more important in
explaining differences in obesity and metabolic risk than
birth weight (146). We found no longitudinal studies in
ethnic minorities regarding early origin of adiposity.
Also early feeding practices influence infant growth
and subsequent risk of adult obesity. After the first 23
months, breastfed infants grow at a slower rate than those
who are formula fed (147). In the Dutch ABCD-study,
the growth rate from 1 to 6 months was higher in infants
of African, Turkish, and Moroccan descent than in the
native Dutch. Breastfeeding duration and exclusive
breastfeeding at 4 months were associated with slower
growth in all ethnic groups. Lower rates of breastfeeding
partly explained the increased growth rate in infants of
African descent (148). Additionally, weight gain during
the first 6 months of life explained a large proportion of
the increased prevalence of overweight in Turkish and
Moroccan 2-year olds (149).
Present evidence suggests that breastfeeding (150155),
particularly prolonged breastfeeding (156159), may exert
a modest protective effect on childhood and adolescent
obesity, although some of the evidence is contradictory
(150). On the other hand, recent studies including siblings
suggest that breastfeeding selectively protects against
extremes of childhood size (152, 153). Most studies have
included only mothers and children of European descent.
Suggested mechanisms are hormones in breast milk, such
as leptin and adiponectin, which may determine appetite
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signalling (160). The higher protein concentration in
infant formula compared with human milk (161) and
the ability of breastfed infants to self-regulate their energy
intake are other possible mechanisms (162).

Early origins of type 2 diabetes
Many studies have replicated the first report showing a
graded inverse association between birth weight and risk
of T2DM (163), particularly if followed by high childhood
or adult weight gains (146). A systematic review and metaanalysis based on 31 populations, including six from Asia
(164) found that the pooled age- and sex-adjusted OR
for T2DM was reduced by 25% per kilogram increased
birth weight, after exclusion of two studies from native
North Americans, demonstrating a U-shaped association.
Adjustment for current BMI slightly strengthened the
association, but socioeconomic status did not materially
affect the estimate (164).
Although middle-aged and older populations studied
in the later 20th century have strong inverse associations
between birth weight and T2DM, it remains uncertain
whether this pattern will persist (164). The U-shaped
curve observed in Native Americans, as well as younger
cohorts, indicates that high birth weights may also confer
a risk. This pattern may be more common as maternal
obesity and hyperglycaemia become more prevalent (140).
Breastfed infants seem to have a modest reduction in risk
of T2DM in later life compared with formula fed infants,
as well as marginally lower insulin levels (165). Similar
effects have been observed across different population
groups.
A recent phenomenon is that T2DM is now diagnosed
even in children and adolescents, strongly related to
obesity, parental T2DM, and ethnicity (166). In the
United States, T2DM constitutes nearly half of new cases
of diabetes diagnosed in adolescence, compared with only
12% of all diabetes cases in youth in Europe (167). Few
European studies about T2DM in children and adolescents have been published, but several report T2DM
precursors. A systematic review of British studies found
no consistent differences in obesity prevalence among
children of different ethnic backgrounds (168). However, a
large cross-sectional study of British school children
found higher levels of adiposity in several ethnic minority
groups, especially those of South Asian origin, compared
with White children (169). Furthermore, the metabolic
profiles of South Asian children were more insulinogenic
and atherogenic compared with White British children,
and some T2DM precursors were also elevated in children
of Black African-Caribbean descent (170). Milder dysglycaemia and impaired glucose tolerance have been found in
25% of children with a severe degree of obesity, irrespective of ethnicity (171). Factors associated with more rapid
progression are marked weight gain and profound insulin
resistance. Thus, possible rapid conversion to T2DM in

high risk individuals from the most susceptible ethnic
minority groups should not be ignored.

Early origins of CVD
Associations between birth weight and later CVD have
been found in numerous studies (24, 25). A recent review
and meta-analyses of 22 studies, mostly from Europe,
found that 1 kg higher birth weight was associated with a
12% lower risk of CVD mortality, and a 6% reduced risk
of all-cause mortality (172).
A higher incidence of CVD, appearing at a younger age,
has been seen in several ethnic minority groups compared
with ethnic Europeans (173). We can only speculate if the
lower birth weight and the higher proportion of neonates
in the lowest birth weight categories observed in many
ethnic groups may be a potential explanatory factor for
the observed differences in CVD risk. The higher prevalence of pre-eclampsia in women of African origin (62)
could also possibly contribute to a higher incidence of
CVD through restricted foetal growth.
Conclusions
The health profiles of ethnic minority women of Asian
and African origin in Europe are still relatively poorly
documented. Summed up, pre-pregnant BMI appears to
be heterogeneous between groups, but the studies point to
higher levels of obesity in women of African, possibly
also Middle Eastern descent, while women from South
and East Asia tend to have lower BMI than the majority
populations. Differences in gestational weight gain and
post-partum weight retention are hardly documented in
European immigrant populations, but variations are
likely. However, ethnic variations in adiposity at the
same level of BMI may be of importance to interpret the
true health risks in these women. This is shown especially
in the significantly higher risk of GDM in many groups,
particularly those of South Asian ancestry, even at lower
BMI levels.
A GDM pregnancy implies a substantially increased
risk of future T2DM, although ethnic differences in
conversion rates may exist. GDM may also imply a slight
predisposition to later CVD. African origin is associated
with increased risk of pre-eclampsia compared with
women of European descent, and pre-eclampsia may
influence later development of CVD.
Regarding the neonates of women descending from
Asian and African countries, the birth weights are generally lower than in the majority population, a tendency
that seems to persist, at least over some generations. A few
studies find higher birth weights in babies of mothers of
African descent. The small neonatal size in ethnic minority
groups is most likely, at least in part, due to persistent
maternal constraints on foetal growth and can probably be
regarded as mismatched when exposed to the current
obesogenic environment. Evidence is mounting that low
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birth weight increases the risk of later obesity, T2DM, and
CVD. Furthermore, neonates exposed to maternal obesity
and GDM may carry an increased risk of the same
conditions linked to foetal overgrowth.
This review draws upon the awareness that pregnancy
can be considered a natural stress test that can reveal the
future risk of T2DM and CVD in women (20). The
increasing trend in the prevalence of GDM and the higher
risk found in many ethnic minority groups are of great
concern, and further application of the new IADPSG
criteria for diagnosis may lead to further unfolding of the
problem. As maternal obesity also carries independent
risks of adverse outcomes both in the mother and the
offspring, this condition also deserves more attention.
Although genes obviously play a role for individual
susceptibility, research at the forefront is now addressing
the ‘soft inheritance’ and epigenetic mechanisms, which
are highly relevant for the observed ethnic variations in
health and disease (117). The combined effects of early
and later life exposures, against a genetic predisposition,
are needed to understand the ethnic differences in
prevalence of T2DM and its underlying metabolic
disturbances (174, 175).

Implications
The pregnancy and post-partum period is an important,
but presently underused, window of opportunity for prevention of future non-communicable diseases both in the
women herself and for the next generation (118). New
public health initiatives need to focus more on early life
interventions as interventions in adulthood have shown
limited results (118). The widespread coverage of antenatal care in Europe has considerable potential to promote
awareness about healthy diets, physical activity, and
appropriate weight gains in pregnant women. Pregnant
ethnic minority women, and probably most women today,
should be screened for GDM. However, the current WHO
manual for the antenatal care has little focus on the longterm prevention of non-communicable diseases in the
mother and her offspring (176).
In the post-partum period, women with pregnancies
complicated by GDM should be screened by an oral
glucose tolerance test to identify overt T2DM as well as
milder forms of dysglycaemia, where development of
T2DM may be prevented or delayed by lifestyle interventions (99). Other high risk women, such as those with
pre-eclampsia, and with excessive weight gain in the previous pregnancy, should be offered individual counselling
related to their future risk of obesity, T2DM, and CVD.
As breastfeeding may be associated with a decreased risk
of obesity and adult disease both for the mother and baby
(88, 89, 154, 165), current efforts to promote breastfeeding
should be strengthened, not least for ethnic minority
groups.
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However, there is still no uniform strategy for how
excessive weight gain during pregnancy and adverse
pregnancy outcomes best can be prevented on a population level (177182), but it is clear that interventions
targeting ethnic minority groups need to be culturally
sensitive and tailored to their specific needs (178). Both
research into development of culturally sensitive and
evidence-based interventions targeting the most susceptible ethnic groups during pregnancy and post-partum
and efforts to implement such strategies at a larger scale
are highly needed. This review also revealed that only few
studies address ethnic differences in maternal and perinatal health in Europe. This should be a prioritised area
for research in the future, recognising the importance of
early life for later health and disease.
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Appendix 1
Search terms with regard to ethnic differences in the pre-pregnant BMI, gestational weight gain, post-partum weight retention, prevalence of
gestational diabetes mellitus, prevalence of pre-eclampsia, and birth weight and body composition of neonates.
Search terms
Table No, outcome
1: pre-pregnant weight

Main area
Body constitution

Demarcations

Joint search string

(Pregnant OR pregnancy)

Europe

(Human migration OR Africa OR Asia OR

2: gestational weight gain Weight gain

(Pregnant OR pregnancy)

Europe

ethnic OR ethnicity OR race OR racial OR

2: post-partum weight

Postpartum weight retention

(Pregnant OR pregnancy)

Europe

immigrant OR immigrants OR minority OR

3: gestational
diabetes mellitus

Diabetes, gestational

(Pregnant OR pregnancy)

Europe

4: pre-eclampsia

Pre-eclampsia

(Pregnant OR pregnancy)

Europe

5: birth weight

(Birth weight OR birth weight (Newborn OR infant OR

Europe

minorities OR ethnology)

retention

OR body composition OR fat
OR lean OR thin)

neonatal)

(Ethnology OR ethnic OR ethnicity OR race
OR racial OR minorities OR groups,
minority)

Filters: 10 years, English.
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