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Abstract Background Low participation at recruitment to

the Danish National Birth Cohort (DNBC) has raised

concern about non-participation bias. Objective To study

the socioeconomic pattern of participation to the DNBC.

Methods Independently of the DNBC, we identified the

DNBC source population in two geographical areas of

Denmark by means of local birth registers with full cov-

erage. Socioeconomic information came from national

registers, and the source population consisted of 48,560

births including 15,290 participating women. For every

socioeconomic characteristic, we estimated the prevalence

ratio [prevalence (participants)/prevalence (source popu-

lation)] which corresponds to the relative representation of

the group (presented in percentages with 95% confidence

intervals). Results The overall participation rate was 31%.

Women outside the work force or with no further education

than compulsory school were underrepresented in the

DNBC by 62% (59%; 64%) and 43% (41%; 45%),

respectively. Also, women were underrepresented by 18%

(13%; 23%) if they were unemployed, by 22% (20%; 24%)

if they were in the lowest income group, 38% (35%; 40%)

if they received a high proportion of social benefits, and

28% (24%; 31%) if they were singles. Particularly women

with low resources according to two socioeconomic factors

were strongly underrepresented, typically by 50–67%.

Conclusion Groups with low socioeconomic resources in

terms of education, occupation, income and civil status are

underrepresented in the DNBC compared to the back-

ground population. These discrepancies must be taken into

account when results from the DNBC and other cohorts of

pregnant women are interpreted—especially when

descriptive results are presented.

Keywords Cohorts � Non participation �

Non-response bias � Pregnant women � Selection bias �
Socioeconomic status

Abbreviations

CPR-number Danish unique personal identifier which is

based on ‘‘Det Centrale Personregister’’

(‘‘The Danish Civil Registration System’’)

DNBC Danish National Birth Cohort

GP General Practitioner

PR Prevalence ratio

Background

Declining participation rates in epidemiological studies

have been observed in many countries [1, 2]. This poses a

threat to the research results as non-participation may

introduce bias of the prevalence of exposures, outcomes

and confounders as well as effect measures [2–5].

Low participation at recruitment was also found in the

Danish National Birth Cohort (DNBC), a nation-wide cohort

study with data from 100,000 women and their offspring.

The DNBC was mainly established to enable investigations

of short and long term consequences of intrauterine expo-

sures [6]. Many of the studied associations are likely to be
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confounded by socioeconomic factors raising concerns

about selection bias related to lower participation rates

among women with few socioeconomic resources.

Various studies have shown lower participation among

less privileged groups of society. People with a low income

or low educational level have typically been underrepre-

sented in cohort studies in Western societies [5, 7–21] and

participation rates have varied according to age and sex [5,

9–18]. The socioeconomic pattern of participation has to

our knowledge not been studied in a population of pregnant

women like the DNBC. Given the Danish national regis-

ters, we had a unique opportunity to do so, and the aim of

the present study was to examine the associations between

socioeconomic factors and participation in the DNBC.

Furthermore, we studied if associations between the indi-

vidual socioeconomic factors and participation were mod-

ified by other socioeconomic factors.

Methods

Recruitment to the Danish National Birth Cohort

The DNBC source population included all clinically rec-

ognized pregnancies among Danish speaking women who

wanted to carry the pregnancy to term and who were

residing in Denmark during the time of recruitment. The

first Danish counties began enrolment in 1996 and from

1999 to 2002 the DNBC included all Danish counties. The

Danish general practitioners (GP) were asked to take part

in the recruitment of pregnant women as they would see

almost all eligible women at least once during pregnancy

and were usually their first contact with the antenatal health

care system. Participants were therefore invited to the study

at the first antenatal visit to their GP [6]. However, a large

part of the GPs did not participate in the recruitment and

consequently, about 40% of the eligible women never

received an invitation. It has been suggested that 60% of

the invited women participated in the DNBC but the actual

participation among invitees remains unknown as the GPs

did not accept reporting of their own participation in the

recruitment [6]. Since we had no data to separate the two

sources of selection, the study was carried out for all eli-

gible women.

Identification of the source population

We studied the non-participation in the DNBC in two well

defined geographic areas of Denmark by means of two

birth registers established independently of the DNBC. The

birth register of the North Jutland County contains infor-

mation about all births in this area and in this data source,

we identified all singleton births that were eligible for

inclusion to the DNBC during the recruitment period in this

county (1997–2002) (n = 30,628). Likewise, the Aarhus

Birth Cohort—an ongoing data collection on all infants

scheduled to delivery at Aarhus University Hospital—

provided information about all eligible births in the Aarhus

Municipality (1997–2002) (n = 19,123) as this is the only

hospital which handles deliveries in the Aarhus Munici-

pality including the very few home deliveries in the area.

From these two registers, we retrieved information about

gestational age at birth and CPR-numbers of the mother

and the child which is a unique personal identifier given to

all Danish citizens and permanent residents for life [22].

Socioeconomic data

Socioeconomic information was derived from national

registers at Statistics Denmark by linking to the women’s

CPR-numbers. The registers contain historic information

which is collected continuously for the entire Danish

population from the Civil Registration System, taxation

authorities and all Danish worksites for whom it is com-

pulsory to report certain information about their employees

[23]. Socioeconomic variables were chosen a priori and

were identified for every birth for the calendar year of

conception except for the women’s income and social

benefits which were identified for the calendar year pre-

vious to the year of conception.

Exclusions and identification of the participants

In 1191 cases, no socioeconomic information was found in

Statistics Denmark and these births (2.4%) were excluded

from the analyses. Following this exclusion, the source

population of the present study included 48,560 singleton

births equivalent to 16% of the entire DNBC source pop-

ulation. The participants were identified by the CPR-

number of the infant which was the only information

obtained directly from the DNBC.

Definitions of socioeconomic groups

Categorization of the socioeconomic variables is displayed

in Table 1. Educational groups were defined according to

highest level of education. Students were included at the

level of education they were studying at as opposed to the

highest level they had completed. The Danish compulsory

school system includes grade 10. ‘Beyond compulsory

school’ included upper secondary education and university-

preparatory schools corresponding to grade 11–12 as well

as vocational education whereas ‘academic level’ referred

to tertiary education exceeding grade 12. Health profes-

sionals were either students of or had a health-related

profession—approximately 60% in this group were nurses.
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Table 1 Participation in socioeconomic groups and estimate of participation bias

Socioeconomic groups Source population DNBC Participation (%) Prevalence ratio

n Prevalence (%) n Prevalence (%) Estimate 95% CI

All 48,560 15,290 31 1 – –

Level of education

No or unknown 898 1.8 50 0.3 6 0.18 0.14 0.23

Compulsory school 9,254 19.1 1,656 10.8 18 0.57 0.55 0.59

Beyond compulsory school 19,932 41.0 6,162 40.3 31 0.98 0.97 1.00

Academic level 18,476 38.0 7,422 48.5 40 1.28 1.26 1.29

Health professional

Yes 4,909 10.1 2,042 13.4 42 1.32 1.28 1.36

No 43,651 89.9 13,248 86.6 30 0.96 0.96 0.97

Occupation

Students 6,107 12.6 2,181 14.3 36 1.13 1.10 1.17

Employees 31,273 64.4 11,179 73.1 36 1.14 1.13 1.14

Self-employed 1,100 2.3 305 2.0 28 0.88 0.80 0.97

Unemployed 2,968 6.1 766 5.0 26 0.82 0.77 0.87

Not in work force 7,109 14.6 859 5.6 12 0.38 0.36 0.41

Income, women

Lower 25% 14,603 30.1 3,571 23.4 24 0.78 0.76 0.80

Middle 50% 22,997 47.4 7,456 48.8 32 1.03 1.02 1.04

Upper 25% 10,960 22.6 4,263 27.9 39 1.24 1.21 1.26

Income, partners

Single women 5,088 10.5 1,158 7.6 23 0.72 0.69 0.76

Lower 25% 10,892 22.4 2,807 18.4 26 0.82 0.80 0.84

Middle 50% 21,700 44.7 7,364 48.2 34 1.08 1.06 1.09

Upper 25% 10,880 22.4 3,961 25.9 36 1.16 1.13 1.18

Social benefits, women

More then 2/3 7,710 15.9 1,514 9.9 20 0.62 0.60 0.65

1/3 to 2/3 6,029 12.4 1,904 12.5 32 1.00 0.97 1.04

Less then 1/3 12,153 25.0 4,112 26.9 34 1.07 1.05 1.10

No social benefits 22,668 46.7 7,760 50.8 34 1.09 1.07 1.10

Social benefits, partners

Single women 5,088 10.5 1,158 7.6 23 0.72 0.69 0.76

More then 2/3 2,949 6.1 516 3.4 17 0.56 0.51 0.60

1/3 to 2/3 2,553 5.3 762 5.0 30 0.95 0.89 1.00

Less then 1/3 9,126 18.8 2,845 18.6 31 0.99 0.96 1.02

No social benefits 28,844 59.4 10,009 65.5 35 1.10 1.09 1.11

Civil status

Single 5,088 10.5 1,158 7.6 23 0.72 0.69 0.76

Not single 43,472 89.5 14,132 92.4 33 1.03 1.03 1.04

Age of women (at time of childbirth)

\20 788 1.6 102 0.7 13 0.41 0.34 0.49

20–25 6,363 13.1 1,482 9.7 23 0.74 0.71 0.77

25–30 18,457 38.0 6,310 41.3 34 1.09 1.07 1.10

30–35 16,086 33.1 5,349 35.0 33 1.06 1.04 1.07

35–40 6,017 12.4 1,848 12.1 31 0.98 0.94 1.01

40? 849 1.7 199 1.3 23 0.74 0.66 0.84

95% CI 95% confidence interval

Selection by socioeconomic factors into the Danish National Birth Cohort 351
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The occupation group ‘not in the work force’ mainly con-

sisted of women on welfare who did not qualify as unem-

ployed but the group also included women on sick leave,

women on leave for other reasons andwomen receiving early

retirement pension. A partner was a personmarried to, living

in a registered partnership with, or cohabitating with the

woman in the year of the conception. Women who did not

have a partner were considered to be single. We obtained

information about the women’s as well as their partners’

annual gross incomewhich included social benefits (welfare,

pensions and student grants). The distribution of gross

income of all Danish women between ages 18 and 46 and the

distribution of the gross income of their respective partners

were used to define a low income group (\25th percentile)

and a high income group ([75th percentile) which were

applied in this study. The percentiles were set separately for

every calendar year thereby controlling for inflation. Fur-

thermore, the variable ‘social benefits’ identified how much

of the income arose from social benefits.

Ethics

The study was based on already existing data and did not

involve any contact with the participants. All analyses were

done on anonymized data and the study was approved by

the Danish Data Protection Board.

Statistical methods

In order to describe the socioeconomic pattern of partici-

pation in the DNBC we compared the distribution of

socioeconomic factors in the source population and in the

participating population by computing the prevalence ratio

(PR) of each socioeconomic group. As the prevalence ratio

is the prevalence of a given subgroup among the partici-

pants divided by the prevalence of the same subgroup in

the source population it is identical to the ratio between the

participation rate in the subgroup and the overall partici-

pation rate. Confidence limits of the PR were found using a

simple approximate formula (1). It should be noted that (1)

is asymptotically valid if the participants are a random

sample of the source population. However, the formula has,

in a simulation study, shown to give valid confidence

intervals for odds ratios in the estimation of selection bias

[2]. A two-sided significance level of 0.05 was used in all

statistical tests.

SE log PRð Þð Þ

¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

SE log PrevalenceParticipants
� �� �2

�SE log PrevalenceSourceð Þð Þ2
q

:

ð1Þ

We also studied whether these associations were

modified by other socioeconomic factors by calculating

participation rates for every subgroups defined by various

combinations of two factors. As part of this, we evaluated

to which extent the overall socioeconomic pattern of par-

ticipation could be found within individual socioeconomic

groups. Groups with less than 20 participants were not

taken into account.

Results

The DNBC source population of 48,560 pregnancies

included 15,290 participants corresponding to an overall

participation rate at enrolment of 31% (Table 1).

The participation rate varied considerably according to

the women’s education, occupation, income and civil sta-

tus. A low level of education was associated with low

participation and only 11% of the participants had no fur-

ther education than compulsory school although this group

made up 19% of the source population. Consequently,

these women were underrepresented by 43% in the DNBC

(Table 1: PR 0.57 (0.55; 0.59)). The participants were

more often students or employees and they were less often

self-employed or unemployed. In particular women outside

the work force were strongly underrepresented. We also

found a strong association between low income and low

participation both when looking at the income of the

women and of their partners. Single mothers were under-

represented to the same degree as the low income group

whereas women who themselves or their partners were

mainly living off social benefits were even less likely to

participate. Generally, the level of education and occupa-

tion seemed to be stronger predictors of participation than

other socioeconomic factors when looking at the magni-

tude of the PRs. The highest participation was found

among health professionals and lowest participation was

found among women with no or unknown education who

were underrepresented by 82% (Table 1). Women younger

than 20 years were underrepresented by almost 60%

whereas the underrepresentations of 20–25 year old

women and of women older than 40 were modest

(Table 1).

Variations in participation within socioeconomic

groups

Our data suggested that the associations between individual

socioeconomic factors and participation differed according

to other socioeconomic factors. For instance, the associa-

tion between the women’s income and participation was

modified by the income of their partners as participation

varied a lot according to the women’s income if their

partners’ income was low or if the women were single

whereas almost no variation in participation was found if

352 T. N. Jacobsen et al.
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their partners’ income was high (Fig. 1). Similar tenden-

cies were found when looking at other socioeconomic

factors: greater variations in participation according to

other socioeconomic factors were found in groups with an

overall low participation compared to groups with an

overall average or high participation. So, mainly women

who were part of two groups associated with low partici-

pation, for instance women with low education and low

income (participation 12%), were strongly underrepre-

sented in the DNBC (Fig. 2).

However, we observed some deviation from this pattern.

The participation among students was higher than average

but great variation in participation was found within the

group: only university students were overrepresented

whereas students in compulsory school were strongly

underrepresented (participation 11%), (Fig. 3). Another

exception was found among women outside the workforce

who, regardless of their economic status and level of

education, were considerably underrepresented (Fig. 3).

Discussion

The participation rate among pregnant women invited to

the DNBC was low and compatible with other contempo-

rary population based cohort studies [5, 9, 14, 16, 17]. The

analyses clearly show a social gradient in the willingness to

enroll in the DNBC and corroborate that people with low

socioeconomic resources tend to be underrepresented in

cohort studies. Furthermore, the study provides detailed

information about the socioeconomic pattern of participa-

tion in a population of pregnant women showing that

women with limited education or low income, women who

were mainly living off social benefits or were outside the

work force, singles and very young women were strongly

underrepresented in the DNBC. Health professionals and

students taking an academic degree were more likely to

participate than any other groups and education seemed to

be a stronger predictor of participation than income.

These tendencies were to some extent modified by other

socioeconomic factors first and foremost showing large

underrepresentations of groups with low socioeconomic

resources in two areas, for example women with low

education and low income, students at compulsory school,

singles in the low income group or families where both

parents had a low income. These groups were typically

underrepresented by more than 50% (data not shown)

whereas women who had higher resources in at least one

socioeconomic area, for example had a partner with a high

income, were only moderately underrepresented.

It is usually difficult to get information about non-par-

ticipants in cohort studies [4] but the pregnancy event

offered a unique opportunity to identify the source popu-

lation because almost all pregnant women in Denmark get

in contact with the public hospital system. This was done in

two geographical areas of Denmark representing a 16%

0

10

20

30

40

50

P
a
rt

ic
ip

a
ti
o
n
 (

%
)

Lower 25% Middle 50% Upper 25%

Income, women

Income, partner: Upper 25%

Income, partner: Middle 50%

Income, partner: Lower 25%

Single women

Fig. 1 Participation (%) according to income stratified on partners’

income

0

10

20

30

40

50

P
a

ti
c
ip

a
ti
o

n
 (

%
)

Lower 25% Middle 50% Upper 25%

Income, women

Academic level

Beyond compulsary school

Compulsary school

Fig. 2 Participation (%) according to income stratified on level of

education

0

10

20

30

40

50

P
a
rt

ic
ip

a
ti
o
n
 (

%
)

Students
Employees

Self−employed
Unemployed

Not in work force

Occupation

Academic level

Beyond compulsary school

Compulsary school

Fig. 3 Participation (%) according to occupation stratified on level of

education

Selection by socioeconomic factors into the Danish National Birth Cohort 353

123



sample of the DNBC source population. Socioeconomic

information was available in national registers enabling us

to describe participants and non-participants by the same

socioeconomic indicators of high validity without recall

bias and with low risk of misclassification compared to

self-reported data [24]. The variety of data found in the

registers also enabled us to give a detailed description of

the selection to the cohort by studying different socioeco-

nomic factors rather than one composite variable. Fur-

thermore, the results were estimated with high precision

given the large sample size and the quality of registers and

only 2.4% (1191) were excluded due to missing data. In

Scandinavian countries national registers have not before

been used to study non-participation in a population of

pregnant women.

One weakness of the study was the lack of evidence of

similarity between the participation pattern in the present

sample and that of the entire DNBC but the sample has

been considered representative of the cohort although the

capital city is not represented [2]. Despite of this, the study

clearly shows that the DNBC does not consist of a socio-

economically representative sample of its source popula-

tion. This compromises our ability to generalize descriptive

results like the prevalence of exposures (e.g. folic acid

intake during pregnancy) and health outcomes to the gen-

eral population if these data are related to socioeconomic

factors. Furthermore, concern remains about our ability to

generalize results from the DNBC to low socioeconomic

groups and we may have too limited information about

women with really low socioeconomic resources to study

this group separately. However, the aim of the DNBC was

to study diseases in a life course perspective related to

specific exposures. Selection on socioeconomic factors can

but need not bias effect measures and cohort studies are

considered to be less vulnerable to selection bias than other

designs because decision to join the study can only be

based on information available at baseline [25]. Never-

theless, it will always be difficult to predict whether and to

what extent the socioeconomic selection will bias a given

risk association [3, 26].

Although a participation rate of only 31% leaves room

for substantial selection bias, it is important to note that

non-participation was only partly related to the eligible

women’s own decision. About half of the non-participation

was related to the GPs. It is possible that the GPs who

decided not to take part in the recruitment had patients with

a different socioeconomic distribution than the general

population. It is also possible that some GPs did not pro-

vide the invitation to pregnant women whom they con-

sidered unfit or unable to participate in the study. These

uncertainties weaken the generalizability to other cohort

studies. This being said, a somewhat stronger socioeco-

nomic selection should be expected in similar cohorts with

participation rates of 30% if the shown selection was pri-

marily determined by the invitees themselves.

This study demonstrates that the socioeconomic

resources of pregnant women are correlated with decision

to participate in cohort studies and that the least privileged

groups are likely to be underrepresented by more than 50%.

It is also of interest that the health professionals, who

probably had the best background for understanding the

purpose of the DNBC, were the ones who were most

willing to participate. These matters need to be taken into

account when results from the DNBC and other pregnancy

cohorts are interpreted—especially when descriptive

results are presented. Also, pregnancy cohorts are now

being established in many Western countries, and we

expect these findings to be highly relevant when planning

recruitment strategies for these studies.
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