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ment of health and disease throughout the life course. A major challenge in cohort
Objective: The aim of this study was to describe what characterises drop out from the
Norwegian Mother, Father and Child Cohort Study (MoBa), and provide a resource to
inform the interpretation of results from analysis of cohort data.
Methods: We estimated loss to follow-up in subsets of participants that responded
to questionnaire waves in MoBa through an eight-year period and described characteristics of participants who responded to follow-ups. Within each wave of questionnaires, we estimated two exposure-outcome associations: the relationship between
maternal smoking during pregnancy and offspring birthweight, and between educational level and pre-pregnancy body mass index (BMI). We explored the use of inverse
probability weighting to correct the bias due to loss to follow-up.
Results: Participants who continued to respond were older, higher educated, less likely
to smoke and had lower BMI. We observed a decline in participation of current smokers from 22.3% to 17.5%, and participants who reported an unplanned pregnancy
dropped from 19.2% to 16.4%. There was a gradual decline in the inverse relationship
between maternal smoking during pregnancy and offspring birthweight with increasing follow-up information, indicating that selection bias due to drop out resulted in
lower effect estimates. For the relationship between parental educational level and
BMI, the inverse association increased with amount of follow-up information, indicating that the selection bias resulted in higher effect estimates. Inverse probability
weighting did not completely correct the estimates for bias due to loss to follow-up.
Conclusions: Participants who remain cohort members are different from subjects
who drop out. Users of large cohorts should be aware of selective loss to follow-up
and consider imputation or weighting to account for loss to follow-up when analysing
questionnaire responses.
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BAC KG RO U N D

Synopsis

There is evidence that the environment during the prenatal and early
postnatal period may be critically important for the development of
chronic disorders in adulthood. Pregnancy cohorts provide one of
the best methodologies for studying aetiology and disease mechanisms throughout the life course.1,2 With the advance of large-scale
biobanking and lower costs of genotyping, population-based pregnancy cohorts have expanded their research potential even further.3
All prospective cohort studies are at risk of participant drop out, and
when loss to follow-up of many participants occurs, the internal validity
of the study may be affected. Systematic differences related to the outcome or risk factors of interests between those who drop out and those
who remain in the study may introduce bias in associations of interest.4
Studies of loss to follow-up from two large contemporary
European pregnancy cohorts, the Danish National Birth cohort
(DNBC) and the Avon Longitudinal Study of Parents and Children
(ALSPAC), show that loss to follow-up was non-random.

5,6

The pres-

ence and magnitude of bias depend on the exposure-outcome rela5

tionship under examination. Selective loss to follow-up does not
7

necessarily bias all associations.

The Norwegian Mother, Father and Child Cohort Study (MoBa)
is one of the largest pregnancy cohorts in the world. It is a nation-
wide population-based cohort that collects data to provide insight

Study question
The aim was to describe what characterises the drop out
in the Norwegian Mother, Father and Child Cohort Study,
and provide a resource to inform interpretation of results
from the cohort.

What's already known
Participants who remain cohort members are different
from subjects who drop out, and a major challenge in cohort studies is to avoid selection bias from loss to follow-up.

What this study adds
We found that participants who continued to respond to
questionnaires were older, higher educated, less likely to
smoke and had lower BMI. Researchers who use data from
the cohort study should be aware of the selective loss to
follow-up that might influence their research questions
when analysing data from questionnaire responses and
consider imputation or weighting to account for the loss
to follow-up.

into how exposures throughout the life course may influence health
and disease development. Pregnant women and their partners were
invited to participate, and the cohort now contains information from

and later at intervals following birth, mainly by self-reported question-

pregnancy, birth, childhood and adolescence for more than 100,000

naires, but with more extensive data collection in a few sub-studies.

Norwegian children and their families.

Information on the child's birth record is available from the Medical

If there is a systematic loss to follow-up in MoBa, it may lead

Birth Registry of Norway (MBRN) through linkage using unique per-

to errors in conclusions drawn from research using this cohort. Our

sonal identifiers. The study population consist of those participants

aim was to describe what characterises the drop out and provide a

who are registered as active in the cohort and have received a ques-

resource to inform the interpretation of results from analysis of data

tionnaire at a given timepoint from pregnancy to the child is 8 years.

from the cohort. We estimated how loss to follow-up influenced
two well-known relationships measured at baseline: the difference
in birthweight according to maternal smoking during pregnancy and

2.2 | Exposure

the socio-economic gradient in body mass index.
Relevant background characteristics were examined in relation to
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loss to follow-up.

M E TH O D S

In the baseline questionnaire answered by pregnant women

2.1 | Cohort selection; The Norwegian mother,
father and child cohort study (MoBa)

at recruitment in gestational week 18, Q1, women reported their
own and their partner´s educational level (less than high school,
high school, up to four years of college and more than four years
of college), income level (<200,000 NOK, 200,000–4 00,000 NOK

MoBa recruited pregnant women and their partners around 18th
8

and more than 400,000 NOK), height (continuous), weight (contin-

gestational weeks across Norway between 1999 and 2008. The

uous) and smoking status (never, former and current), in addition

overall participation rate was 41%. All participants gave a written in-

to their use of folate supplements (yes, no) and whether the preg-

formed consent. Since parents could participate with more than one

nancy was planned (yes, no). We studied self-reported information

pregnancy, the cohort includes 95,000 mothers, 75,000 fathers and

on the mother´s chronic diseases including asthma, hay fever, ec-

114,500 children. These comprise of approximately 76,000 women

zema, insulin-dependent diabetes, non-insulin-dependent diabetes,

who contributed with one pregnancy, 14,000 women who contributed

rheumatoid arthritis, psoriasis, Crohn's disease/ulcerative colitis,

with two pregnancies, and 2500 women who contributed with three

epilepsy, migraine, hypertension and high cholesterol (yes, no). From

or more pregnancies. Collection of data continued through pregnancy

the MBRN record, we used information on maternal and paternal

|
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age at delivery, sex of the child (male, female), birthweight (continu-

the association between education and BMI are included in the

ous in grams), gestational age (continuous in weeks estimated by ul-

supplement (Figure S1). We explored the use of inverse probability

trasound or last menstrual period for those with missing ultrasound

weighting to correct the estimates for the potential bias due to loss

measures), Apgar score at one minute (continuous), Apgar score at

to follow-up.13 The weights were estimated using all baseline char-

five minutes (continuous), pre-eclampsia (yes, no) and gestational

acteristics presented in Table 2. All analyses were conducted using

diabetes (yes, no). We defined preterm birth as gestational age less

Stata version 15 (Statacorp, Texas).

than 37 completed weeks. Small-for-gestational age was defined as a
birthweight below the 10th percentile according to offspring sex and
gestational week of delivery. Low Apgar scores at one and five min-

2.5 | Missing data

utes were defined as below seven (yes, no). Baseline characteristics
for participants from all questionnaires are available in Tables S1–S3.

Missing data at each wave of data collection reflect both deaths of
participants and unwillingness to continue to respond to questionnaires. The development of follow-up questionnaires in the cohort

2.3 | Outcome

study has not always been corresponding with the ageing of the
cohort children. This has resulted in a fraction of the participants

We estimated the proportions of participants who had completed

not being sent some questionnaires due to the child being past the

follow-up questionnaires at each wave of data collection. We show

appropriate age of the respective data collection, thus leading to

simple descriptive statistics of background characteristics among

missing data. This pertains particularly to the 5-year questionnaire,

individuals who responded to follow-up questionnaire, to describe

as this questionnaire was not developed before a proportion of chil-

how the underlying composition of the population changes over

dren had already turned 5 years. Missing data due to loss to follow-

time due to loss to follow-up.

up are described in Table 1.

2.4 | Statistical analysis

2.6 | Ethics approval

To illustrate the effect of selective follow-up on association meas-

This study was performed in line with the principles of the

ures, we used two well-known associations: the relationship be-

Declaration of Helsinki. Approval was granted by the Regional Ethics

tween maternal smoking during pregnancy and birthweight9,10 and

Committee of South East Norway (11.03.2019/ 2019/411).

socio-economic status and body mass index (BMI).11,12 We estimated
these two associations, which were based on information collected
at baseline or at birth, within the restricted samples of participants

3
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R E S U LT S

who had responded to the later questionnaires. We show the association with responding to the 8-year questionnaire only among

The response rates for each questionnaire are shown in Table 1. The

participants who were sent the questionnaire. Illustrative DAGs of

rates remained high (85% or higher) for the first five questionnaires ad-

the associations between maternal smoking and birthweight, and

ministered up until the child was six months of age. After this, the rate

TA B L E 1 Response rate for completed follow-up questionnaires

a

Time of completion of
questionnaire

Participants who received
questionnaire

Participants who returned
questionnaire

Q1

18 gestational weeka

112,580

102,174

90.8

Q2

22 gestational weeka

107,507

97,251

90.5

QF

15 gestational week -Fathera

8810

78,325

90.2

Q3

30 gestational weeka

103,555

94,227

91.0

Q4

Child 6 months

105,815

89,752

84.8

Q5

Child 18 months

105,395

76,450

72.5

Q6

Child 3 years

100,325

58,876

58.7

Q5y

Child 5 years

77,776

41,636

53.5

Q7y

Child 7 years

101,196

54,825

54.2

Q8y

Child 8 years

93,464

43,649

46.7

QF2

All fathers 2015

77,321

49,485

64.0

The unit is the pregnancy. For other questionnaires, the unit of the analysis is the child.

Response
rate %

4
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TA B L E 2 Distribution of baseline parental characteristics at baseline and participants still in the cohort after 8 years, mean differences
and risk ratios for responding to the 8-year questionnaire according to these characteristics
Baseline questionnaire
N = 102,174

Answered 8-year
questionnaire N = 43,649

Mean differences and risk ratios for
responding to the 8-year questionnaire

Baseline parental characteristics

Mean (SD)

Mean (SD)

Mean difference (95%CI)

Maternal age

30.2 (4.6)

30.7 (4.4)

Paternal age

32.7 (5.4)

33.1 (5.3)

0.67 (0.34, 1.00)

Maternal BMI

23.9 (4.1)

23.8 (3.9)

−0.34 (−0.39, −0.29)

Paternal BMI

25.8 (3.3)

25.7 (3.2)

−0.21 (−0.26, −0.17)

N (%)

N (%)

RR (95%CI)

0.98 (0.79, 1.17)

Maternal educational level
Less than high school

8218 (8.0)

2084 (4.8)

1.00 (Reference)

High school

30031 (29.4)

10707 (24.5)

1.33 (1.28, 1.38)

Up to 4 years of higher education

40754 (39.9)

19077 (43.7)

1.69 (1.62, 1.75)

> 4 years of higher education

22620 (22.1)

11184 (25.6)

1.75 (1.68, 1.82)

Missing

551 (0.5)

597 (1.37)

n.a.

Paternal educational level
Less than high school

10626 (10.4)

3607 (8.26)

1.00 (Reference)

High school

39927 (39.1)

15764 (36.1)

1.13 (1.10, 1.16)

Up to 4 years of higher education

26305 (25.8)

12164 (27.9)

1.30 (1.26, 1.33)

More than 4 years of higher education

21842 (21.4)

10494 (24)

1.34 (1.30, 1.38)

Missing

3474 (3.4)

1620 (3.71)

n.a.

97545 (95.5)

42168 (96.6)

1.00 (Reference)

4187 (4.1)

1404 (3.2)

0.81 (0.77, 0.84)

442 (0.4)

77 (0.2)

Marital status
Married/cohabitated
Other
Missing

n.a.

Maternal parity
0

45638 (44.7)

19,889 (45.6)

1.00 (Reference)

1

36190 (35.4)

15,404 (35.3)

0.99 (0.97, 1.00)

2

15502 (15.2)

3 or higher
Missing

6556 (15.0)

1.00 (0.98, 1.02)

4402 (4.3)

1723 (3.9)

0.95 (0.91, 0.98)

442 (0.4)

77 (0.2)

n.a.

Maternal income
<200,000

29,369 (28.7)

10,291 (23.6)

1.00 (Reference)

200,000–400.000

57,679 (56.5)

26,256 (60.2)

0.84 (0.82, 0.85)

>400,000

11,444 (11.2)

5453 (12.5)

1.01 (0.99, 1.03)

3682 (3.6)

1649 (3.8)

n.a.

<200,000

10,638 (10.4)

3896 (8.9)

1.00 (Reference)

200,000–400,000

52,683 (51.6)

22,108 (50.6)

1.10 (1.07, 1.12)

>400,000

31,552 (30.9)

14,742 (33.8)

1.15 (1.12, 1.18)

7301 (7.1)

2903 (6.7)

Missing
Paternal income

Missing

n.a.

Mother or father, not native Norwegian speakers
No

86,641 (84.8)

38,202 (87.5)

Yes

11,135 (10.9)

4347 (10.0)

0.94 (0.92,0.96)

4398 (4.3)

1100 (2.5)

n.a.

Missing

1.00 (Reference)

(Continues)
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TA B L E 2 (Continued)
N (%)

N (%)

RR (95%CI)

Maternal smoking status
Never

51,715 (50.6)

23,420 (53.7)

1.00 (Reference)

Former

27,124 (26.5)

11,960 (27.4)

0.93 (0.91, 0.94)

Current

22,757 (22.3)

7646 (17.5)

Missing

578 (0.6)

623 (1.4)

0.77 (0.75, 0.78)
n.a.

Paternal smoking
Never/former

80,595 (78.9)

35,496 (81.3)

Current

20761 (20.3)

7425 (17.0)

Missing

818 (0.8)

728 (1.7)

1.00 (Reference)
0.86 (0.84,0.88)
n.a.

Maternal use of folate supplements during pregnancy
No

20,991 (20.5)

6569 (15.0)

1.00 (Reference)

Yes

81,160 (79.4)

36,645 (84.0)

1.24 (1.21, 1.26)

Missing

23 (0.1)

435 (1.0)

n.a.

Whether the pregnancy was planned or not
Yes

81,245 (79.5)

35,585 (81.5)

1.00 (Reference)

No

19664 (19.2)

7162 (16.4)

0.87 (0.85, 0.88)

1265 (1.2)

902 (2.1)

Missing

n.a.

has gradually decreased and was down to around 50% for the last three

relationship between paternal education and BMI (Table 6). Inverse

questionnaires sent out when the child was five, seven and eight years

probability weighting was performed for all analysis but did not com-

of age. Notably, the 5-year questionnaire was initiated after a proportion

pletely correct the differences in estimates due to loss to follow-up.

(20%) of the children were too old to contribute to this data collection.
Table 2 shows parental characteristics at baseline including age,
socio-economic factors and life-style characteristics. Retention in
the cohort was higher for participants who were older, lived with a
partner, had higher educational level, had higher income level, were

4
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4.1 | Principal findings

non-smokers, had planned pregnancies and more often had used
folic-acid supplements during pregnancy.

In this study, we found that after eight years of follow-up to a large

The proportion of participants, whose pregnancy was not planned,

cohort study, the distributions of a series of characteristics for the

dropped from 19.2% at baseline to 16.4% at the 8-year follow-up. At

remaining respondents differed from the original distributions at

baseline, 4.1% of the participants did not live with a partner. This pro-

baseline. This selective follow-up appeared to lead to a lower degree

portion of single parents at baseline that still participated at the 8-

of association between maternal smoking and offspring birthweight,

year follow-up decreased to 3.2%. We also observed a decrease in

and a higher association between BMI and educational level, when

the participation of mothers who reported smoking during pregnancy,

only the remaining sample was analysed. These analyses do show

from 22.3% at baseline to 17.5% after eight years. There was no strong

systematic association differences with increasing loss to follow-up

evidence of a selection due to having one or more chronic diseases

over time, but at a modest magnitude, and the general relationships

(Table S3).

of the associations were maintained. We attempted to use inverse

There was no change in the distribution of offspring sex between

probability weighting to correct for the bias due to loss to follow-

the population available at baseline and those with follow-up infor-

up for our illustrative examples. However, for our examples, this ap-

mation at 8 years (Table 3). However, there was a slightly reduced

proach did not completely correct the estimates. It is possible that

proportion of children born preterm and children with APGAR

loss to follow-up in the cohort results in a more homogenous study

scores at one minute less than seven, and at five minutes less than

population, perhaps resulting in less confounding. The results do not

seven (Table 3). The reduction in birthweight associated with ma-

necessarily imply that one of the associations is more correct than

ternal smoking in pregnancy varied from a decrease of 169 grams

the other.

among respondents to the baseline questionnaire to a decrease of
114 grams among respondents to the 5-year questionnaire (Table 4).
The loss to follow-up was higher among participants with a lower

4.2 | Strengths of the study

educational level (Table 2). The association between maternal education and pre-pregnancy BMI was stronger for respondents to the

Our findings are consistent with other studies on loss to follow-

later questionnaires (Table 5). A similar pattern was found for the

u p in pregnancy cohorts.14-16 The participants who are most

6
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TA B L E 3 Distribution of pregnancy outcomes according to participation response to 8-year follow-up, and risk ratios (RRs) for responding
to the 8-year questionnaire, according to maternal disease and birth outcomes

Pregnancy outcome

Baseline questionnaire
N=104014

8-year questionnaire
N=43649

RR for answering the
8-year questionnaire

N (%)

N (%)

RR (95% CI)

Preeclampsia
No

99,377 (95.5)

41,913 (96.0)

1.00 (Reference)

Yes

4195 (4.0)

1659 (3.8)

0.95 (0.92, 0.99)

442 (0.4)

77 (0.2)

Missing

n.a.

Gestational diabetes
No

102,684 (98.7)

43,254 (99.1)

Yes

888 (0.9)

318 (0.7)

Missing

442 (0.4)

77 (0.2)

1.00 (Reference)
0.85 (0.78, 0.93)
n.a.

Sex
Male

52,990 (50.9)

22,238 (50.9)

1.00 (Reference)

Female

50,379 (48.5)

21,331 (48.9)

1.01 (0.99, 1.02)

Missing

645 (0.6)

80 (0.2)

n.a.

Preterm birth
No

96,109 (92.4)

40,824 (93.5)

1.00 (Reference)

Yes

7022 (6.8)

2569 (5.9)

0.95 (0.92, 0.98)

883 (0.8)

256 (0.6)

Missing

n.a.

Small for gestational age
No

93,240 (89.6)

39,410 (90.3)

1.00 (Reference)

Yes

10,055 (9.7)

4141 (9.5)

0.98 (0.96, 1.00)

719 (0.7)

98 (0.2)

Missing

n.a.

APGAR at 1 minute <7
No

97,214 (93.5)

41,234 (94.5)

Yes

5902 (5.7)

2288 (5.2)

898 (0.9)

127 (0.3)

Missing

1.00 (Reference)
1.00 (0.97, 1.03)
n.a.

APGAR at 5 minutes <7
No

101,527 (97.6)

Yes
Missing

43,061 (98.7)

1.00 (Reference)

1597 (1.5)

462 (1.1)

0.95 (0.90, 1.02)

890 (0.9)

126 (0.3)

n.a.

likely to not respond to follow-u p questionnaires and drop out

were more likely to have a normal BMI, were more likely to be non-

of the cohort have characteristics that are linked to lower socio-

smokers and were more likely to have planned pregnancies com-

economic status. These participants are known to be more dif-

pared with non-respondents.5 In the ALSPAC study, the response

17,18

Answering long and

rate was 48% 12 years after recruitment.6 The drop out from the

frequent questionnaires are time consuming and can make the

cohort was related to being a single parent, low education, finan-

participants lose interest in the cohort study if they do not feel

cial difficulties and being raised in a large family where the mother

that they contribute to something important. In our opinion, it

smoked.7 The Western Australian Pregnancy Cohort (RAINE) has

is therefore important to keep questionnaires short and con-

been ongoing for two decades and reports a participation rate of

cise. The technological development using smartphones has also

70% at the 5-year assessment with a decline to a 42% participation

opened up for easier and less resource-d emanding contact with

at the 20-year assessment. There were greater attrition among so-

participants and also allows participants to respond to question-

cially disadvantaged participants with a fall out of younger mothers

naires when it is convenient for them (while on the bus, waiting in

who were not married at recruitment.19 In the Generation R Study,

line for their coffee, etc.).

the participation rate when the children were five years was 85%

ficult to engage in longitudinal studies.

The Danish birth cohort is the one that most closely resem-

and decreased to 76% at age 13. The mothers who still participated

bles MoBa. Of mothers that were invited to participate in the 7-

in the study at follow-up were older, higher educated and more fre-

year follow-up, 60% responded. These women were slightly older,

quently of Dutch nationality. 20
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TA B L E 4 Reduction in birthweight (grams) for offspring of mothers who smoked occasionally or daily during pregnancy, according to
response to questionnaires

Questionnaire

Occasional smoking

Weighted analysis
Occasional smoking

Daily smoking

Weighted analysis
daily smoking

Mean difference in grams
(95% CI)

Mean difference in grams
(95% CI)

Mean difference in grams
(95% CI)

Mean difference in
grams (95% CI)

Q1

−30 (−59, −2)

n.a.

−169 (−184, −153)

n.a.

Q2

−32 (−61, −3)

−52 (−86, −19)

−160 (−175, −144)

−141 (−160, −133)

Q Father

−44 (−79, −10)

−62 (−102, −23)

−162 (−180, −143)

−155 (−177, −133)

Q3

−26 (−55, 2)

−39 (−71, −7)

−154 (−169, −138)

−137 (−155, −119)

Q4

−16 (−45, 14)

−35 (−68, −2)

−144 (−160, −128)

−130 (−149, −111)

Q5

−19 (−52, 15)

−30 (−67, 8)

−141 (−159, −123)

−123 (−145, −102)

Q6

−45 (−84, −6)

−57 (−100, −14)

−147 (−168, −126)

−134 (−159, −109)

Q5y

−30 (−80, 21)

−29 (−84, 27)

−114 (−143, −86)

−112 (−145, −79)

Q7y

−33 (−73, 7)

−49 (−96, 2)

−140 (−164, −117)

−139 (−168, −110)

Q8y

−42 (−88, 3)

−58 (−110, 7)

−144 (−171, −117)

−136 (−169, −103)

Q2 Father

−57 (−111, −2)

−80 (−144, −15)

−126 (−158, −94)

−142 (−181, −102)

4.3 | Limitations of the data

cohort than in the general population. The likelihood and severity
of any selection bias should be evaluated on a case-by-c ase basis

A major challenge when starting a prospective cohort is to include a

to understand the extent to which participant loss to follow-up

representative selection of the population that you want to study to

influences the internal validity of associations of interest as op-

avoid selection bias. In MoBa, 41% of the invited pregnant women con-

posed to only influencing the external validity/generalisation of

sented to participation, and even though the study participants were

results. 24-26

found to not be representative of the entire Norwegian population,

This study provides an overview of the changes in the distribution

a previous study examining the role of selection bias into the cohort

of important background characteristics among participants who are

found that associations between exposures of interest and pregnancy

retained in the MoBa cohort. We acknowledge that the modest se-

outcomes did not significantly differ from the associations estimated

lection bias illustrated in the two examples shown here, the relation-

among all deliveries in Norway during the MoBa recruitment period.21

ship between maternal smoking and offspring birthweight and the

The next big challenge in prospective cohorts is to keep as many of

relationship between educational level and BMI, do not necessary

the participants in the study for as long as possible. Bias due to loss to

indicate that all associations are impacted by selection bias. The aim

follow-up can compromise the internal validity of exposure-outcome

was to show the differences in established associations according to

associations and are often driven by an overrepresentation of partici-

the amount of follow-up information available in the MoBa cohort

pants with high education level and socio-economic status.22

and to illustrate the potential for selection bias. While selection bias

Research on participation in cohort studies shows that there

may not affect all research questions of interest in the cohort, it is

are several socio-demographic and individual factors that indicate

important that the researchers planning to use data from the cohort

whether a participant is prone to stay in a study and keep respond-

are carefully considering this issue when planning their analysis and

ing to questionnaires. 23 When examining participants still in the

that they consider imputation or weighting to account for the loss to

MoBa cohort eight years after recruitment, we saw a trend towards

follow-up. This information can be used to guide researchers using

an overrepresentation of older parents, and an underrepresentation

this pregnancy cohort in their evaluation of how selection might have

of parents with lower educational attainment, lower income level,

influenced their associations of interest and prompt any relevant

smokers and unplanned pregnancies. However, presence of chronic

sensitivity analysis. We hope that more researchers will consider

diseases during pregnancy and unfavourable birth outcomes were

using both multiple imputation and inverse probability weighting to

less predictive of further participation.

account for the selection present in the cohort due to loss to follow-up. 27 By using inverse probability weights or multiple imputa-

4.4 | Interpretation

tion, we are shifting the assumption of missing completely at random
to missing at random. We are still requiring that we meet the assumption of missing at random, meaning that we have enough information

Our observations suggest the traits that are related to the par-

available to inform the weight or imputation. 28 Notably, the exact

ticipants’ socio-e conomic status may be affected by selection.

variables which should be included in the generation of weights for

Specifically, socio-e conomic differences seem to be higher in our

inverse probability weighting or in the imputation model will vary

Mean difference in BMI
(95% CI)

Mean difference in BMI
(95% CI)

−0.13 (−0.23, −0.03)

−0.15 (−0.25, −0.04)

−0.13 (−0.25 −0.01)

−0.12 (−0.23, −0.01)

−0.17 (−0.28, −0.05)

−0.25 (−0.37, −0.12)

−0.30 (−0.45, −0.15)

−0.17 (−0.36, −0.03)

−0.23 (−0.39, −0.08)

−0.35 (−0.53, −0.16)

−0.56 (−0.77, −0.34)

Questionnaire

Q1

Q2

Q Father

Q3

Q4

Q5

Q6

Q5y

Q7y

Q8y

Q2 Father

−1.27 (−1.48, −1.06)

−1.00 (−1.18, −0.82)

−0.91 (−1.06, −0.75)

−0.87 (−1.05, −0.68)

−1.00 (−1.15, −0.85)

−0.93 (−1.05, −0.81)

−0.85 (−0.96, −0.74)

−0.82 (−0.92, −0.72)

−0.85 (−0.96, −0.73)

−0.83 (−0.93, −0.73)

−0.80 (−0.90, −0.70)

Mean difference in BMI
(95% CI)

Up to 4 years of college

−1.18 (−1.49, −0.86)

−1.13 (−1.39, −0.87)

−0.97 (−1.19, −0.75)

−0.91 (−1.19, −0.64)

−1.05 (−1.26, −0.85)

−0.99 (−1.16, −0.71)

−0.87 (−1.02, −0.72)

−0.85 (−0.99, −0.70)

−0.83 (−0.99, −0.67)

−0.87 (−1.01, −0.73)

n.a.

Mean difference in BMI
(95% CI)

Weighted analysis
Up to 4 years of college

−1.97 (−2.19, −1.76)

−1.70 (−1.88, −1.51)

−1.59 (−1.74, −1.43)

−1.55 (−1.75, −1.36)

−1.71 (−1.86, −1.55)

−1.63 (−1.75, −1.50)

−1.56 (−1.68, −1.45)

−1.53 (−1.64, −1.42)

−1.60 (−1.72, −1.48)

−1.54 (−1.65, −1.44)

−1.52 (−1.62, −1.42)

Mean difference in BMI
(95% CI)

>4 years of college

−1.92 (−2.23, −1.60)

−1.87 (−2.13, −1.61)

−1.70 (−1.92, −1.48)

−1.62 (−1.89, −1.35)

−1.78 (−1.89, −1.57)

−1.71 (−1.89, −1.54)

−1.61 (−1.77, −1.45)

−1.58 (−1.72, −1.43)

−1.58 (−1.75, −1.47)

−1.61 (−1.74, −1.42)

n.a.

Mean difference in BMI
(95% CI)

Weighted analysis
>4 years of college

−0.23 (−0.33, −0.13)

−0.22 (−0.34, −0.09)

−0.25 (−0.36, −0.15)

−0.23 (−0.35, −0.12)

−0.41 (−0.56, −0.26)

Q6

Q5y

Q7y

Q8y

Q2 Father

−0.17 (−0.24, −0.09)

−0.21 (−0.29, −0.12)

−0.15 (−0.23, −0.08)

Q3

Q4

−0.23 (−0.32, −0.15)

Q Father

Q5

−0.14 (−0.21, −0.07)

−0.15 (−0.23, −0.08)

Q2

−0.48 (−0.69, −0.27)

−0.24 (−0.40, −0.08)

−0.96 (−1.11, −0.80)

−0.70 (−0.82, −0.58)

−0.68 (−0.79, −0.58)

−0.71 (−0.83, −0.58)

−0.69 (−0.79.−0.59)

−0.66 (−0.75, −0.57)

−0.61 (−0.69, −0.53)

−0.60 (−0.68, −0.52)

−0.70 (−0.79, −0.62)

−0.60 (−0.68, −0.52)

−0.58 (−0.65, −0.51)

Mean difference
(95% CI)

Up to 4 years of college

−1.06 (−1.27, −0.85)

−0.70 (−0.86, −0.54)

−0.74 (−0.88, −0.59)

−0.70 (−0.87, −0.53)

−0.67 (−0.80.−0.54)

−0.65 (−0.77, −0.54)

−0.61 (−0.71, −0.51)

−0.62 (−0.71, −0.52)

−0.71 (−0.82, −0.60)

−0.62 (−0.72, −0.53)

n.a.

Mean difference 
(95% CI)

Weighted Up to 4 years of
college

−1.43 (−1.58, −1.28)

−1.20 (−1.32, −1.07)

−1.18 (−1.29, −1.07)

−1.22 (−1.35, −1.09)

−1.22 (−1.32, −1.11)

−1.14 (−1.23, −1.05)

−1.11 (−1.19, −1.02)

−1.08 (−1.16, −1.00)

−1.20 (−1.29, −1.10)

−1.06 (−1.14, −0.98)

−1.05 (−1.13, −0.98)

Mean difference
(95% CI)

>4 years of college

−1.55 (−1.79, −1.34)

−1.23 (−1.39, −1.07)

−1.25 (−1.40, −1.11)

−1.23 (−1.39, −1.06)

−1.21 (−1.34, −1.09)

−1.16 (−1.27, −1.04)

−1.12 (−1.22, −1.02)

−1.12 (−1.22, −1.02)

−1.20 (−1.31, −1.09)

−1.11 (−1.20, −1.09)

n.a.

Mean difference 
(95% CI)

Weighted >4 years of
college

|

−0.29 (−0.44, −0.15)

−0.20 (−0.36, −0.03)

−0.22 (−0.35, −0.09)

−0.20 (−0.31, −0.08)

−0.17 (−0.27, −0.07)

−0.18 (−0.28, −0.09)

−0.25 (−0.36, −0.14)

−0.19 (−0.29, −0.10)

n.a.

Mean difference 
(95% CI)

Mean difference
(95% CI)

Questionnaire

Q1

Weighted High school
education

High school education

TA B L E 6 Reduction in paternal baseline body mass index (BMI) according to level of education in accordance to response to follow-up questionnaires. The reference group consists of
participants with less than high school education

−0.41 (−0.74, −0.09)

−0.44 (−0.71, −0.18)

−0.24 (−0.47, −0.02)

−0.21 (−0.49, 0.07)

−0.33 (−0.54, −0.11)

−0.27 (−0.45, −0.09)

−0.16 (−0.32, 0.00)

−0.13 (−0.28, 0.02)

−0.10 (−0.32 −0.03)

−0.17 (−0.27, 0.06)

n.a.

Weighted analysis
High school education

High school education

TA B L E 5 Reduction in pre-pregnancy body mass index (BMI) for mothers with high school or college education compared to mothers with less than high school education
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according to the association of interest. 29 We therefore encourage
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due to loss to follow-up.
The results presented here highlight the importance of minimising
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that they can see that their efforts have contributed important new insights. It is also important to give participants the opportunity to share
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focus group, and to be part of the shaping of new research ideas. This
will help give them a sense of ownership of the cohort and hopefully
prompt their continued participation. Unfortunately, such efforts are
often undervalued by researchers and lack necessary funding.
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CO N C LU S I O N S

Loss to follow-up is a problem for all prospective cohort studies. It
is important to bear in mind how this may have introduced selection
bias for the particular relationship of interest. Researchers that use
data from the cohort study should consider imputation or weighting
to account for the loss to follow-up.
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