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Abstract Objectives To explore ethnic differences in

gestational weight gain (GWG). Methods This was a pop-

ulation-based cohort study conducted in primary care child

health clinics in Groruddalen, Oslo, Norway. Participants

were healthy pregnant women (n = 632) categorised to six

ethnic groups (43 % were Western European women, the

reference group). Body weight was measured at 15 and

28 weeks’ gestation on average. Data on pre-pregnancy

weight and total GWG until delivery were self-reported.

The main method of analysis was linear regression

adjusting for age, weeks’ gestation, pre-pregnancy body

mass index, education and severe nausea. Results No ethnic

differences were observed in GWG by 15 weeks’ gesta-

tion. By 28 weeks’ gestation, Eastern European women

had gained 2.71 kg (95 % confidence interval, CI

1.10–4.33) and Middle Eastern women 1.32 kg (95 % CI

0.14–2.50) more weight on average than the Western

European women in the fully adjusted model. Among

Eastern European women, the total adjusted GWG was

3.47 kg (95 % CI 1.33–5.61) above the reference group.

Other ethnic groups (South Asian, East Asian and African)

did not differ from the reference group. When including

non-smokers (n = 522) only, observed between-group

differences increased and Middle Eastern women gained

more weight than the reference group by all time points.

Conclusions Eastern European and Middle Eastern women

had higher GWG on average than Western European

women, especially among the non-smokers. Although

prevention of excessive GWG is important for all pregnant

women, these ethnic groups might need special attention

during pregnancy.

Keywords Ethnicity � Pregnancy � Gestational weight

gain � Fat gain � Smoking

Significance

What is already known?

High and low gestational weight gain (GWG) increase

risk for adverse maternal and fetal outcomes. Ethnic dif-

ferences in GWG might contribute to ethnic differences

observed in some adverse outcomes. The previous evi-

dence on ethnic differences in GWG mainly comes from

the USA or Canada.

What this study adds?

This is the first study focusing on GWG in ethnic

minorities in Europe. Eastern European and Middle Eastern

women had higher GWG on average than Western Euro-

pean women. Although prevention of excessive GWG is

important for all pregnant women, these ethnic groups

might need special attention.
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Introduction

The prevalence of type 2 diabetes and cardiovascular dis-

eases are higher among several ethnic minorities such as

Turkish, Moroccan, Sri Lankan, Pakistani, Iranese or

Vietnamese than among the majority populations in North-

Western Europe [14, 31, 33]. Although obesity rates are

higher in middle aged women from several ethnic minority

groups [14], prepregnancy BMI seems to be higher in

women with origin from Middle East and Africa, and lower

in Asian women [16]. During pregnancy, ethnic minorities

often have an increased risk of adverse outcomes (e.g.

gestational diabetes mellitus, low birth weight, preterm

delivery or perinatal mortality) in many parts of the world

[1, 8], although the differences between ethnic minorities

and the majority population are smaller in countries with a

strong policy facilitating integration, for example in Nor-

way [1].

High gestational weight gain (GWG) is strongly asso-

ciated with weight retention and later overweight in the

mother [11, 23, 24] and the offspring [7, 19], and with

adverse pregnancy outcomes such as caesarean section and

high birth weight infants [11, 24]. High GWG, especially in

early pregnancy, also increases the risk of gestational

diabetes mellitus [4, 30]. On the other hand, low GWG

increases the risk for low-birth-weight babies [29]. The US

Institute of Medicine (IOM) has published body mass index

(BMI) specific recommendations on GWG based on the

evidence available [13].

If there were ethnic differences in GWG, they could

potentially contribute to ethnic differences observed in

some adverse maternal and fetal outcomes [1, 8]. The

previous evidence related to ethnic differences in GWG is

mainly based on studies conducted in the USA [2, 6, 12,

20, 26] or Canada [18]. These studies found some ethnic

differences in the mean GWG while results related to

proportions of women with inadequate or excessive GWG

were more inconsistent. However, these results are not

directly applicable to Europe as the ethnic composition of

the population and the contexts differ between these

continents. In our previous study, postpartum weight

retention was higher among women from South Asia,

Middle East and Africa as compared to the Western

European women [34]. This suggests that these ethnic

groups might have had higher GWG than the reference

group.

More information is needed on GWG across ethnic

subgroups in European populations. This information

will help us to identify ethnic groups vulnerable to high

or low GWG and further to plan interventions to optimise

GWG and thereby improve the health of both the mother

and the offspring in multi-ethnic populations. The aim of

this study was to examine whether there are ethnic dif-

ferences in mean GWG by 15 and 28 weeks’ gestation

and by delivery in a population-based cohort of pregnant

women in Oslo, Norway. We describe patterns of GWG

by ethnicity, but do not explore predictors of GWG or

associations between GWG and maternal or fetal

outcomes.

Materials and Methods

Study Design and Population

The study methods have been described in detail elsewhere

[15]. The prospective cohort study was conducted among

pregnant women attending primary care child health clinics

for antenatal care in Groruddalen, in Eastern Oslo, Norway.

The original aim was to explore predictors of gestational

diabetes mellitus and fetal growth in a multi-ethnic popu-

lation. Groruddalen covers both affluent and more deprived

residential areas and a high proportion of the population

belongs to minority ethnic groups. In this area, at least

75–85 % of pregnant women attend the child health clinics

for antenatal care.

Pregnant women were eligible for the study if they

were (1) living in one of three city districts in Grorud-

dalen, (2) planning to give birth at one of the two study

hospitals, (3) at B20 weeks’ gestation, (4) not having

pre-pregnancy diabetes or other diseases requiring

intensive hospital follow-up during pregnancy, (5) not

already recruited to the same study during a previous

pregnancy lasting C22 weeks, (6) able to communicate

in Norwegian or any of the eight languages to which all

the information materials and questionnaires were

translated (Arabic, English, Sorani, Somali, Tamile,

Turkish, Urdu and Vietnamese), and (7) able to give

informed written consent. The participants were recrui-

ted at 15 week’s gestation on average between May 2008

and May 2010. The Regional Ethics Committee and the

Norwegian Data inspectorate have approved the study

protocol. All participants signed a written informed

consent.

Data Collection

Certified study midwives were specially trained to collect

the study data by interviewing the participants, to fill in the

questionnaires and to perform anthropometric measure-

ments at inclusion (15 weeks’ gestation on average) and at

28 weeks’ gestation on average [15]. Professional inter-

preters translated the discussions when a participant was

not fluent in Norwegian.
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Anthropometric Variables

Body height was measured to the nearest 0.1 cm using a

fixed stadiometer and pre-pregnancy weight was self-re-

ported at 15 weeks’ gestation on average. Pre-pregnancy

BMI was calculated as pre-pregnancy weight divided by

squared height and categorised according to the IOM’s

categories [13]. Body weight and fat mass were measured

in light clothing without shoes using a Tanita-weight BC-

418 MA (Tanita, Tokyo, Japan) at 15 and 28 weeks’ ges-

tation. The Tanita BC-418 MA it gives comparable results

to the older version Tanita TBF 410, which has been val-

idated in pregnancy [32].

The Outcome Variables

The main outcomes were mean GWG by 15 and 28 weeks’

gestation and the mean total GWG from pre-pregnancy

until delivery. GWG by 15 and 28 weeks’ gestation was

calculated based on self-reported pre-pregnancy weight

and measured body weights at 15 and 28 weeks’ gestation,

respectively. Information on total GWG was self-reported

at a visit at 14 weeks postpartum. Data on weeks’ gestation

at delivery and infant’s birth weight were obtained from the

hospital birth records. The secondary outcomes were fat

gain between 15 and 28 weeks’ gestation (based on the

measured fat mass at both time points) and the total GWG

categorised according to the IOM’s recommendations

(inadequate, appropriate or excessive) [13].

Ethnicity and the Background Variables

Data on ethnic origin and all the background variables were

collected through a questionnaire at inclusion (15 weeks’

gestation). Ethnic origin, the main exposure variable of the

present study, was defined by the participant’s own country

of birth or mother’s if she was born outside of Europe or

North America [15]. Ethnicity was categorised as follows:

Western Europe (including North America), Eastern Eur-

ope, Middle East (including North Africa and Central

Asia), Africa (except for North Africa), South Asia and

East Asia. The reference group was the Western European

women consisting of women born in Norway (93.6 %),

Sweden or Denmark (3.2 %) or other Western European

countries (3.2 %, including 3 white women from North

America).

Age was collected as a continuous variable and parity

was categorised to nulliparous or parous. Concerning

women who were not born in Norway, data on duration of

residence in Norway was categorised to 0–1 years (recent

immigrants) or C2 years. Educational level was cate-

gorised as \10 years, 10–12 years and university or col-

lege. Pre-pregnancy smoking pattern was reported and the

response categories were ‘‘not smoking’’, ‘‘occasionally’’

and ‘‘daily’’. They were further categorised as (1) non-

smokers, (2) smokers before but not during pregnancy, and

(3) smokers before and during pregnancy, since smoking

cessation during pregnancy has been associated with higher

GWG, while continuing smoking during pregnancy has

been related to similar GWG as in the non-smokers [27,

28].

At 28 weeks’ gestation, smoking pattern was reported

with the same response categories as in pre-pregnancy.

Pregnancy-induced severe nausea was categorised as ‘yes’

or ‘no’, based on the midwives’ clinical experience and

control questions, regarding impact on daily function,

duration of symptoms and frequency of vomiting [3]. The

data on depressive symptoms were collected using the

Edinburgh Postnatal Depression Scale (EPDS) [22] and an

EPDS score C10 was used as a proxy measure for

depression [10].

Statistical Methods

The descriptive statistics are presented as means and

standard deviations (SD) or numbers and percentages. The

differences between the background variables of the

included (n = 632) and the excluded (n = 191) women

were tested using the Pearson Chi-square test for categor-

ical variables and independent samples t test for continuous

variables. The correlation between self-reported pre-preg-

nancy weight and measured weight at 15 weeks’ gestation

was calculated using the Pearson correlation coefficient.

The differences in the crude continuous outcome variables

between the ethnic groups were examined by linear

regression models with Western European women as the

reference category.

Between-group differences in adjusted means of the

outcome variables were tested using two different ver-

sions of linear regression models with Western Euro-

pean women as the reference group. Model 1 was

adjusted for age and weeks’ gestation at the respective

time points (both as continuous variables). Model 2 was

additionally adjusted for pre-pregnancy BMI (as a

continuous variable), education and severe nausea (both

as categorical variables). When fat mass gain was the

outcome, the time-related covariates included weeks’

gestation at inclusion and the number of weeks between

the inclusion visit and the second study visit around

28 weeks’ gestation (both as continuous variables) in

each model. The rationale for choosing confounders for

the models was that the variables were known to be

associated with the outcome variables based on previous

knowledge or in the present data and they differed by

ethnicity in the present data (Table 1). The chosen

covariates were also not supposed to be in the causal
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chain between ethnicity and the outcome or be compo-

nents of the outcome variables.

We explored possible interactions for ethnicity and each

of the other covariates (except for weeks’ gestation) one by

one for each outcome separately, by adding interaction

terms to the regression analysis (with Model 2 adjust-

ments). The results of the linear regression models are

presented as regression coefficients (b) with 95 % CI,

p values and adjusted R2. p values\0.05 were regarded as

statistically significant. Regarding the assumptions of lin-

ear regression model, the residuals were normally dis-

tributed and no autocorrelation (based on Durbin–Watson

test), multi-collinearity (based on variance inflation factor)

or remarkable outliers were observed.

In sensitivity analyses, the linear regression analyses

(Models 1–2) were restricted to the non-smokers to control

for possible confounding by smoking status, as it was not

possible to adjust for smoking in the models because the

numbers of smokers were very low in some ethnic groups.

Parity and depression variables were also included in the

models in the preliminary analyses. Since they were not

statistically significant and did not change the associations

between ethnicity and the outcomes in any of the models,

these variables were not included in the final models.

To illustrate GWG in each ethnic group (Fig. 1), anal-

ysis of covariance was used to calculate the mean adjusted

GWG by each time point and the adjustments were made

for age, weeks’ gestation at the respective time point, BMI

(all as continuous variables), education and severe nausea

(both as categorical variables). The SPSS statistical soft-

ware package version 20.0 (SPSS Inc., Chicago, IL, USA)

was used for the data analyses.

Table 1 Characteristics of the participants by ethnicity

Western Europe

271 (43)

South Asia

158 (25)

Middle East

92 (15)

Africa

40 (6)

East Asia

36 (6)

Eastern Europe

35 (6)

n Mean (SD)

or %

n Mean (SD)

or %

n Mean (SD)

or %

n Mean (SD)

or %

n Mean (SD)

or %

n Mean (SD)

or %

Age (years) 271 31.0 (4.4) 158 28.4 (4.3) 92 29.7 (5.5) 40 28.5 (5.2) 36 31.0 (4.4) 35 28.7 (4.4)

Born in Norway, n (%) 262 96.7 37 23.4 10 11.0 1 2.5 4 11.1 2 5.9

Recent immigrantsa, n (%) 3 23.1 13 10.6 10 11.8 8 20.5 5 14.3 5 15.2

Educational level, n (%)

\10 years 5 1.9 32 20.3 34 37.4 17 42.5 7 19.4 3 8.8

10–12 years 81 30.1 75 47.5 41 45.1 17 42.5 14 38.9 12 35.3

University or college 183 68.0 51 32.3 16 17.6 6 15.0 15 41.7 19 55.9

Women with C1 birth, n (%) 130 48.0 88 55.7 62 67.4 21 52.5 22 61.1 12 34.3

Body height (cm) 271 167.5 (5.8) 158 160.1 (5.7) 92 161.5 (5.4) 40 162.0 (5.8) 36 157.7 (6.7) 35 166.4 (5.7)

Pre-pregnancy weight (kg) 268 70.1 (14.1) 155 60.4 (11.2) 92 68.6 (14.6) 39 67.7 (16.9) 36 56.6 (12.0) 33 65.9 (12.9)

Pre-pregnancy BMI (kg/m2) 268 25.0 (4.9) 155 23.6 (4.1) 92 26.2 (5.2) 39 25.7 (5.8) 36 22.7 (3.8) 33 23.8 (4.7)

Weeks’ gestation at the

inclusion visit

271 14.2 (2.3) 158 15.5 (3.8) 92 15.1 (3.3) 40 18.0 (5.1) 36 16.0 (3.8) 35 14.3 (2.6)

Weeks’ gestation at the

second study visit

270 28.2 (1.2) 157 28.3 (1.3) 90 28.5 (1.5) 39 28.4 (1.2) 35 28.1 (1.1) 35 28.5 (1.4)

Smoking status, n (%)

Non-smoker 194 72.7 154 97.5 83 90.2 37 92.5 34 94.4 20 60.6

Smoker before pregnancy 58 21.7 3 1.9 7 7.6 2 5.0 2 5.6 10 30.3

Smoker before and during

pregnancy

15 5.6 1 0.6 2 2.2 1 2.5 0 0.0 3 9.1

Pregnancy-induced severe

nauseab, n (%)

23 8.6 44 28.9 17 19.3 9 23.1 10 29.4 5 14.3

Depressionb, n (%) 23 8.9 29 19.2 15 17.0 2 5.3 4 11.4 5 14.7

Birth weight (g) 269 3565

(32.8)

156 3223

(41.6)

90 3457

(54.4)

39 3376

(84.5)

36 3174

(110.9)

35 3616

(82.4)

Mean (standard deviation) or crude numbers (%)

BMI body mass index
a \ 2 years residence in Norway among women who were not born in Norway
b Reported at the second study visit at 28 weeks’ gestation
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Results

A total of 823 (74 % of the eligible women) agreed to

participate. The participation rate varied by ethnicity

(Western European 82 %, Eastern European 75 %, South

Asian 73 %, Middle Eastern 65 %, African 64 % and East

Asian 63 %). Of the 823 women, 59 % were of ethnic

minority origin (i.e. other than Western European). Data on

total GWG were available for 632 women, constituting the

study sample, after excluding seven women from South or

Central America due to the low number.

Descriptive information on the background characteris-

tics of the included women are presented by ethnicity in

Table 1. No statistically significant differences were

observed between the 632 included and the 191 excluded

women for any variables listed in Table 1.

The Primary Outcomes by Ethnicity

The Pearson correlation coefficient for self-reported pre-

pregnancy weight and measured weight at 15 weeks’ ges-

tation varied from 0.95 to 0.97 between the ethnic groups.

Table 2 shows the crude GWG at three time points. The

African women gained more weight on average by

15 weeks’ gestation and the Eastern European women by

28 weeks’ gestation and by delivery compared to the

Western European women. Table 3 shows the adjusted

coefficients (95 % CI) in Models 1 and 2 for the mean

GWG by 15 and 28 gestation and by delivery by ethnicity

and the other covariates. In the fully adjusted Model 2,

none of the groups differed from the reference group at

15 weeks’ gestation but the Eastern European women had

gained 2.7 kg more and the Middle Eastern women 1.3 kg

more weight on average than the reference group by

28 weeks’ gestation. The total GWG by delivery was

3.5 kg higher among the Eastern European women than the

reference group (Model 2).

Statistically significant overall interactions were found

only for ethnicity and severe nausea (p = 0.046) when

total GWG was as the outcome. Adding the interaction

terms did not essentially change the associations observed

between ethnicity and GWG. Since there were no signifi-

cant interactions in the models for the other outcomes and

the numbers of women were low in many subgroups, the

data were not stratified by severe nausea.

Although few women were smokers, there were ethnic

differences in smoking status (Table 1). As the non-

smokers had lower mean crude total GWG (13.2 kg, SD

5.8) than those who smoked before (16.8 kg, SD 6.8) or

during pregnancy (15.8 kg, SD 6.8), the linear regression

models were restricted to non-smokers to control for con-

founding by smoking status. When including the non-

smokers only (n = 522), the Middle Eastern and the

African women had gained more weight by 15 weeks’

gestation and the Middle Eastern and the Eastern European

women by 28 weeks’ gestation and by delivery than the

reference group, and the coefficients for these groups were

larger than in the total sample (not tested statistically)

(Table 4). The corresponding ethnic differences in adjusted

mean GWG are illustrated by weeks’ gestation for the non-

smokers in Fig. 1.

The Secondary Outcomes by Ethnicity

The African women gained less fat and the Eastern Euro-

pean women gained more fat between 15 and 28 weeks’

gestation on average than the Western European women

(Table 2). The linear regression model for fat gain showed

that the Eastern European women gained 1.4 kg more fat

than the reference group in the fully adjusted Model 2

(Table 5). When the analysis was restricted to the non-

smokers only, the results regarding fat gain remained

similar although the coefficients were now larger as com-

pared to the results observed in the total population

(Table 5).

Fig. 1 Mean gestational weight gain (kg) by weeks’ gestation in each

ethnic group among non-smokers (n = 522), adjusted for age, weeks’

gestation at the respective time point, pre-pregnancy body mass

index, education and severe nausea (WE Western European, EA East

Asian, EE Eastern European, SA South Asian, ME Middle Eastern,

A African)
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The crude percentages of women with inadequate,

appropriate and excessive total GWG are reported in

Table 2. Excessive GWG was most common among the

Eastern European (54.5 %) and the Middle Eastern

(50.0 %) women and the least common among the African

women (33.3 %), although the differences between the

groups were not statistically significant (p = 0.10).

Discussion

Main Findings

To our knowledge, this is the first European study with a

primary aim to examine ethnic differences in mean GWG

at several time points during pregnancy. GWG was similar

in the ethnic groups in early pregnancy. By 28 weeks’

gestation, the Eastern European women had gained 2.7 kg

and the Middle Eastern women 1.3 kg more weight on

average than the Western European women in the fully

adjusted model. The Eastern European women also had

3.5 kg higher adjusted mean total GWG than the Western

European women. When including the non-smokers only,

larger differences were discovered between the ethnic

groups and the Middle Eastern women had gained more

weight on average than the Western European women

throughout the pregnancy. In general, no differences were

observed in GWG between the other ethnic groups (South

Asian, East Asian and African) and the Western European

women.

Strengths and Weaknesses

The present study has several strengths. Firstly, this was a

population-based cohort study with high participation rates

also in minority ethnic groups often excluded in research.

The questionnaires were translated into eight different

languages. The cohort was representative of the main

Table 2 Gestational weight gain (GWG), body fat gain and adherence to the IOM’s recommendations by ethnicity

Western

Europe

271 (43)

South Asia

158 (25)

Middle East

92 (15)

Africa

40 (6)

East Asia

36 (6)

Eastern

Europe

35 (6)

n Mean

(SD) or

%

n Mean

(SD) or

%

n Mean

(SD) or

%

n Mean

(SD) or

%

n Mean

(SD) or

%

n Mean

(SD) or

%

Variables related to the primary

outcomes

GWG by 15 weeks’ gestation (kg) 268 1.7 (3.2) 155 1.5 (3.6) 92 2.5 (4.0) 39 4.0 (4.4) 36 1.9 (3.9) 33 2.4 (3.6)

GWG by 28 weeks’ gestation (kg) 266 8.4 (4.4) 154 7.9 (4.5) 90 9.3 (5.0) 38 8.4 (4.3) 35 8.3 (4.3) 33 11.2 (5.0)

Total GWG (kg) 271 13.8 (6.0) 158 13.1 (5.7) 92 13.9 (6.5) 40 12.0 (5.4) 36 14.2 (5.6) 35 17.6 (7.6)

Duration of pregnancy (weeks’

gestation)

270 40.2 (1.6) 158 39.6 (1.9) 92 39.7 (1.5) 40 40.1 (1.8) 36 39.3 (2.4) 35 39.8 (1.8)

Variables related to the secondary

outcomes

Fat mass at 15 weeks’ gestation (kg) 271 24.9

(10.1)

158 21.1 (7.4) 92 25.9

(11.0)

40 28.4

(12.2)

36 18.1 (8.7) 35 21.9 (8.5)

Fat mass at 28 weeks’ gestation (kg) 267 30.0 (9.9) 156 25.8 (7.5) 90 30.6

(10.6)

39 31.7

(11.9)

35 22.0 (7.2) 34 28.0 (7.5)

Fat mass gain between 15 and

28 weeks’ gestation (kg)

267 5.1 (2.4) 156 4.7 (2.6) 90 5.1 (3.1) 39 2.9 (2.5)* 35 4.7 (2.0) 34 6.7 (2.4)

Total GWG according to the IOM’s

recommendations, n (%)a
268 155 92 39 36 33

Inadequate 62 23.1 52 33.5 19 20.7 10 25.6 11 30.6 3 9.1

Appropriate 89 33.2 47 30.3 27 29.3 16 41.0 12 33.3 12 36.4

Excessive 117 43.7 56 36.1 46 50.0 13 33.3 13 36.1 18 54.5

Mean (SD) or crude numbers (%)

Ethnic groups that differed statistically significantly (p\ 0.05) from the Western European group (reference) based on the unadjusted linear

regression model are marked bold
a The range for appropriate gestational weight gain was from 12.5 to 18.0 kg for underweight women (BMI\ 18.5 kg/m2), from 11.5 to 16.0 kg

for normal weight women (BMI 18.5–24.9 kg/m2), from 7.0 to 11.5 kg for overweight women (BMI 25.0–29.9 kg/m2) and from 5.0 to 9.0 kg for

obese women (BMI C 30.0 kg/m2) [13]. Based on Chi-square test, there were no statistically significant differences between the ethnic groups

(p = 0.10)
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ethnic groups living in Oslo [15]. We found no significant

differences in the background variables between the

included and the excluded women. We used measured data

on body weight and fat mass at 15 and 28 weeks’ gestation

on average. The self-reported pre-pregnancy weight cor-

related strongly with weight measured at 15 weeks’ ges-

tation (r = 0.95–0.97 in all ethnic groups). The participants

reported their pre-pregnancy weight after they had been

weighed at 15 weeks’ gestation which may have reduced

the likelihood of underestimating their weight. As the

validity of measurement of body fat might vary by eth-

nicity, we used intra-individual change in fat mass as an

outcome variable, which reduces the possibility of infor-

mation bias.

One main weakness is that we relied on self-reported

data on total GWG by delivery. We cannot rule out the

possibility of differential reporting by ethnic groups.

However, the pattern of GWG based on the objectively

measured weights from inclusion to 28 weeks’ gestation

and the relative position persist to delivery for all ethnic

Table 5 Multiple linear regression for fat gain (kg) between 15 and 28 weeks’ gestation

All women Non-smokers

Model 1 Model 2 Model 1 Model 2

n = 621, adj. R2 = 0.18 n = 602, adj. R2 = 0.20 n = 512, adj. R2 = 0.19 n = 498, adj. R2 = 0.21

b (95 % CI) p b (95 % CI) p b (95 % CI) p b (95 % CI) p

Ethnicity

Western Europe Reference Reference Reference Reference

South Asia -0.23 (-0.72 to

0.26)

0.35 -0.26 (-0.78 to

0.26)

0.33 -0.07 (-0.61 to

0.47)

0.79 -0.09 (-0.66 to

0.49)

0.77

Middle East 0.05 (-0.52 to

0.63)

0.86 0.42 (-0.20 to

1.05)

0.18 0.14 (-0.49 to

0.78)

0.66 0.55 (-0.15 to

1.24)

0.12

Africa 21.36 (22.2 to
20.52)

0.002 -0.86 (-1.74 to

0.02)

0.06 21.46 (22.36 to
20.55)

0.002 -0.92 (-1.88 to

-0.09)

0.06

East Asia 0.07 (-0.78 to

0.91)

0.88 0.04 (-0.82 to

0.91)

0.92 0.05 (-0.84 to

0.95)

0.91 0.05 (-0.87 to

0.97)

0.91

Eastern Europe 1.38 (0.52 to 2.23) 0.002 1.35 (0.48 to 2.21) 0.002 1.70 (0.56 to 2.84) 0.004 1.78 (0.66 to 2.90) 0.002

Weeks’ gestation -0.05 (-0.21 to

0.11)

0.51 -0.11 (-0.27 to

0.05)

0.19 -0.03 (-0.20 to

0.14)

0.73 -0.10 (-0.27 to

0.08)

0.28

The number of weeks

between

inclusion and the

second

study visit

0.21 (0.06 to 0.36) 0.005 0.15 (-0.001 to

0.30)

0.052 0.22 (0.06 to 0.38) 0.007 0.15 (-0.02 to

0.31)

0.08

Age (years) 20.05 (20.09 to
20.01)

0.02 20.04 (20.09 to
20.002)

0.04 20.06 (20.11 to
20.01)

0.01 20.05 (20.10 to
20.01)

0.03

Pre-pregnancy body

mass

index (kg/m2)

20.08 (20.12 to
20.03)

<0.001 20.08 (-0.12 to
20.03)

0.001

Pregnancy-induced

severe

nausea

No Reference Reference

Yes 0.14 (-0.37 to

0.64)

0.60 0.23 (-0.31 to

0.76)

0.41

Education

\10 years 20.79 (21.41 to
20.16)

0.01 20.75 (21.42 to
20.07)

0.03

10–12 years -0.23 (-0.67 to

0.21)

0.31 -0.20 (-0.70 to

0.29)

0.42

University or college Reference Reference

Model 1 is adjusted for weeks’ gestation at inclusion, the number of weeks between inclusion and the second study visits (at 15 and 28 weeks’

gestation on average, respectively) and age. Model 2 is additionally adjusted for pre-pregnancy body mass index, pregnancy induced severe

nausea by 28 weeks’ gestation and education. Statistically significant results (p\ 0.05) are highlighted with bold
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groups, except for the African women. The validity of self-

reported data on GWG has been assessed in a US study

with a majority of black/African American women [35].

Only half of the participants could be considered as accu-

rate reporters and high pre-pregnancy BMI and inadequate

actual GWG were associated with over-reporting while

excessive actual GWG was associated with under-reporting

of GWG. However, the most relevant question for this

study is whether the validity of self-reported data on total

GWG differs by ethnicity. To our knowledge, no previous

studies have addressed this question. Finally, the numbers

of African, East Asian and Eastern European women were

small reducing the possibilities to detect statistically sig-

nificant differences between those groups and the reference

group. Additionally, the ethnic groups were relatively

broad and therefore heterogenic.

Interpretation

Our results on ethnic differences in fat gain support the main

results on GWG. When including the non-smokers only and

thereby eliminating confounding by smoking status, the

results of Models 1 and 2 were more consistent and the

between-group differences were larger in general. The results

of the present study might be relevant for other European

countries with similar minority ethnic groups. However,

factors such as migration history, length of stay, level of

integration, socio-economic status and social policy vary by

country and ethnic minority group. Therefore caution is

needed in generalisation of the results to other countries.

The results of the present study are not directly comparable

to findings from the previous US or Canadian studies e.g. due

to differences in study populations and ethnic groups inclu-

ded, methods of defining GWG or the confounders the

analyses were adjusted for. In the USA, black and Hispanic

women have gained less weight on average and have been

more likely to gain inadequately and/or less likely to gain

excessively weight than white women [2, 6, 12, 20, 26]. The

Canadian studies observed very few ethnic differences in

GWG [17, 18]. Studies comparing GWG by migrant status

have reported mixed findings [5, 17, 18, 26, 27]. In our study,

the percentages of women with inadequate or excessive total

GWG did not differ statistically significantly between the

ethnic groups. This may at least partly be due to the small

number of women in some of the groups.

In our cohort, higher increase in adiposity during preg-

nancy and South Asian ethnicity both independently increased

the risk for gestational diabetes [14, 30]. Interestingly, no

significant differences were observed in GWG or fat gain

between the South Asian and the Western European women in

the present study. However, as South Asian people generally

have more adiposity for the same BMI and higher risk for

obesity-related diseases at lower levels of BMI than white

Western people [21], lower BMI cut-offs have been suggested

for South Asian people [9]. Therefore lower GWG recom-

mendations might also be needed for South Asian women to

reduce their risk for gestational diabetes. Very little research

has been done on optimal GWG in different ethnic groups and

it is unclear whether the IOM’s recommendations apply

equally to all ethnic groups. The IOM’s recommendations

have widely been adopted in other Western countries, for

example in Norway [11]. The recommended amount of GWG

has been associated with better maternal and fetal outcomes

also in the Norwegian majority population [11].

In the present cohort women from South Asia, Middle

East and Africa had higher postpartum weight retention than

Western Europeans [34]. Our hypothesis on higher GWG in

these ethnic groups was confirmed only for Middle Eastern

women. Therefore it seems that South Asian and African

women lose less weight in the early postpartum period,

which might be related to different postpartum dietary

practices or traditions [25]. To prevent weight-related

problems among women in reproductive age, the most rel-

evant time window for interventions may vary by ethnicity.

Conclusions for Practice

In this multi-ethnic cohort of pregnant women in Oslo, the

Eastern European women gained more weight on average

by 28 weeks’ gestation and by delivery than the Western

European women. Among the non-smokers, these between-

group differences were larger and the Middle Eastern

women also had higher GWG than the Western European

women throughout the pregnancy. Although lifestyle

counselling and prevention of excessive GWG are impor-

tant for all pregnant women, these ethnic groups might

need special attention during pregnancy.
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