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ABSTRACT
Objectives We examined changes in factors related to 
non- response to successive waves of the nationwide birth 
cohort study, the Japan Environment and Children’s Study 
(JECS), during the first 3 years after childbirth.
Design Longitudinal cohort study.
Setting As the baseline survey, mothers completed self- 
administered questionnaires distributed by hand during 
pregnancy or 1 month after delivery. The self- administered 
questionnaires that we used in this study were then 
distributed by mail every 6 months until the children were 
3 years old, for a total of six times.
Participants Of 103 060 mothers who consented to 
participate in the JECS during pregnancy, 88 489 mothers 
were included in the study after excluding those with 
multiple births, miscarriages or stillbirths and those who 
withdrew from the study within 3 years after providing 
informed consent.
Primary and secondary outcome measures Data 
were collected at the baseline survey on participants’ 
socioeconomic status, medical history, health status, 
health- related behaviours and their children’s health 
conditions and living situations. The strength of the impact 
of related factors and the prediction of response status 
were examined and compared using binominal logistic 
regression analysis.
Results For all six follow- up questionnaire surveys, higher 
maternal age was strongly associated with providing 
a response. Factors that were strongly associated with 
mothers not providing a response were smoking after 
childbirth and having more children. The concordance 
rate of response status based on the presented model 
was about 70%, suggesting that the response status 
for the first 3 years after birth can be predicted from the 
information collected in the baseline survey.
Conclusion By identifying predictors of non- response 
from information obtained in baseline surveys, researchers 
may be able to reduce non- response to successive survey 
waves by issuing reminders, reviewing data collection 
methods and providing appropriate financial and/or non- 
financial incentives.

BACKGROUND
A common issue in conducting longitudinal 
cohort studies is that some participants are lost 
to follow- up. This lack of response reduces the 
sample size set during the planning stage of the 
study, which negatively impacts the analytical 
results and statistical power of the study. Also, 
certain characteristics related to questionnaire 
response rates may cause selection bias that 
affects the results. Earlier research has confirmed 
that participants’ interest in and understanding 
of the diseases or health- related behaviours 
being studied affect questionnaire response 
rates, especially in health- related studies. In 
cross- sectional studies, participants’ response 
or non- response was associated with their socio-
economic status, and participants interested in 
the aim of the study were more responsive.1–6 
On the other hand, a longitudinal birth cohort 
study found that higher socioeconomic status 
and higher maternal age were associated with a 
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higher follow- up response rate.7–9 However, few studies have 
examined the factors related to incomplete participation in 
follow- up, including the characteristics of participants who 
do not respond to follow- up surveys.

In previous studies, we used data from an ongoing longi-
tudinal birth cohort study, the Japan Environment and 
Children’s Study (JECS), to investigate the factors related 
to non- response to questionnaires and/or loss to follow- up 
during pregnancy,10 at 1 month after delivery11 or during 
the first year after delivery.12 In these studies, we found that 
non- response to questionnaires or loss to follow- up was asso-
ciated with the mother’s age, health status and health- related 
behaviours, their husband or partner’s participation status 
in JECS, the presence/absence of physical anomalies in the 
children, the children’s primary caregivers and the child’s 
number of siblings. JECS, which is a nationwide birth cohort 
study that commenced in 2011, is investigating the effects 
of environmental factors on children’s health. Between 2011 
and 2014, the study recruited approximately 100 000 preg-
nant women, covering nearly half (45%) of all live births 
within the study areas in 2013. JECS collects biological spec-
imens, environmental samples and questionnaire informa-
tion about the children from the time of pregnancy until the 
children reach 13 years of age.13 The characteristics of the 
participants (ie, the mothers and their children) are similar 
to those obtained in Japan’s 2013 Vital Statistics Survey.14 
The JECS follow- up period is ongoing, and data on the chil-
dren’s first 3 years have been finalised.

In this study, we used JECS data to investigate changes 
in factors related to participants’ response status to six 
successive self- administered follow- up questionnaires 
distributed by mail until the children were 3 years old.

METHODS
Study design
The study design has been reported elsewhere.13 This 
study used JECS dataset (jecs- ta- 20190930), released in 
October 2019 for stakeholders (The dataset supporting 
the conclusions of this article will be available after the 
steering committee of the JECS permits accessibility.). 
This dataset included 103 060 pregnant women who 
consented to participate in JECS. After excluding those 
with multiple births, miscarriages or stillbirths and those 
who withdrew from the study within the first 3 years, data 
from 88 489 mothers were analysed in this study (figure 1). 
The initial baseline survey, which was conducted during 
pregnancy or at 1 month after delivery, involved the 
distribution and collection by hand of a self- administered 
questionnaire to mothers. The data collected were the 
socioeconomic status, medical history, health status and 
health- related behaviours of the mothers and the health 
status and living situation of their children. The ques-
tionnaires about the children that we analysed in this 
study were distributed by mail to their mothers every 
6 months until the children were 3 years of age. The ques-
tionnaire was designed to be answered in about 30 min 
and mothers were given 1 month in which to return it. A 
reminder about the study was sent by post one or more 
times until the next questionnaire was sent. Participants 
received financial and non- financial incentives for each 
questionnaire returned. Change of address was identified 
from the participants’ self- reporting of a new address.

Definitions
Children diagnosed as having physical anomalies or 
suspected of having physical anomalies by an obstetrician 
were classified as ‘having physical anomalies’.15

Psychological distress during pregnancy, as measured 
by the Kessler 6 scale (Japanese version),16 was defined as 
a K6 score ≥13, and postpartum depression, as measured 
by the Edinburgh Postnatal Depression Scale (EPDS),17 
was defined as an EPDS score ≥9.

The postpartum health status of the participants at 
1 month after delivery was categorised into the following 
categories according to the participants’ subjective assess-
ment of their health status: ‘poor’, ‘fair’, ‘good’ and ‘very 
good’.

The primary caregivers of the JECS participants’ chil-
dren at 1 month of age were categorised into two groups: 
‘mother’ and ‘other than mother’.

The number of siblings living with the child was catego-
rised into three groups: 0, 1 and ≥2.

Participants’ education status was categorised into two 
groups: <13 years and ≥13 years.

Annual household income was categorised into three 
groups: <4 million yen, ≥4 million and <12 million yen 
and ≥12 million yen.

The status of partner participation in JECS was 
categorised as follows: ‘non- participation’, ‘inactive 
participation’ (ie, the partner consented to partici-
pate in JECS but never returned the questionnaire for 

Figure 1 Flow chart of the participant selection. *Reasons 
for censoring included death of mother, death of child, loss 
of custody and inability to follow- up with unknown address. 
JECS, Japan Environment and Children’s Study.
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partners) and ‘active participation’ (ie, the partner 
consented to participate in JECS and returned the 
questionnaire for partners).

Patient and public involvement
There was no patient or public involvement in this study.

Statistical analysis
To calculate ORs and 95% CIs, binomial logistic regression 
analysis was performed using participant characteristics 
(ie, age at delivery, years of education, smoking, alcohol 
consumption, psychological distress during pregnancy and 
postpartum depression), the health status of the child (ie, 
presence/absence of physical anomalies), partner partici-
pation status in JECS, primary caregiver and the number 
of siblings living with the child. A significance level of 
0.01 (two- tailed) was used for all statistical analyses. ORs 
were considered statistically significant when 1.0 was not 
included within the 95% CI. SAS V.9.4 (SAS Institute, Cary, 
North Carolina, USA) was used for all statistical analyses.

Eighty per cent of the subjects were randomly sampled 
and used to create the prediction formula, and the 
remaining 20% were used to verify the prediction formula.

RESULTS
Participant characteristics
Response rates to the six successive follow- up question-
naires, calculated as the number of returned question-
naires divided by the number of participants, were 94.7%, 
92.1%, 90.2%, 88.4%, 86.7%, 85.1%, respectively.

The characteristics of the participants are presented in 
table 1. The age at delivery of non- respondents was lower 
than that of respondents in all survey periods. Both post-
partum smoking and alcohol consumption were higher in 
the non- respondent group than in the respondent group 
in all survey periods. In terms of self- reported maternal 
health status, the rate of ‘very good’ was lower and that 
of ‘poor’ was higher among non- respondents compared 
with respondents in all survey periods. Non- respondents 
had fewer years of education than respondents in all 
survey periods. Psychological distress during pregnancy 
and/or depression after delivery was more severe among 
non- respondents in all survey periods.

The proportion of children diagnosed as having phys-
ical anomalies was similar among respondents and non- 
respondents in all survey periods. The number of siblings 
living with the child was higher among non- respondents 
than respondents in all survey periods.

The proportion of mothers who were the primary care-
giver of their child was lower among non- respondents 
in all survey periods. The proportion of partners who 
did not participate or inactively participated was higher 
among the non- respondents in all survey periods.

Factors related to non-response
Factors related to non- response in each research period 
were investigated and the results were used to create a 
prediction formula. The results of the logistic regression 
analysis of the response status to each questionnaire item 

(ORs and 95% CI) and accuracy of the prediction formula 
are shown in table 2.

In all survey periods, age at delivery, psychological 
distress during pregnancy, education status, postpartum 
smoking status, number of siblings living with the child 
and partner’s participation status in JECS were strongly 
related to response status.

Higher maternal age at delivery and longer years of 
education were associated with providing a response to 
follow- up questionnaires in all survey periods. In contrast, 
having psychological distress during pregnancy, post-
partum smoking, having a greater number of children 
and having another person other than the mother as the 
child’s primary caregiver were associated with increased 
non- response to the follow- up questionnaires in all survey 
periods. Moreover, inactive participation of partners in 
JECS was associated with increased non- response to ques-
tionnaires, while partner’s active participation was associ-
ated with providing a response.

Weaker health status after delivery was associated with 
increased non- response to questionnaires in all survey 
periods. Postpartum depression was associated with 
increased non- response to the questionnaires, but the 
effect was statistically significant in only in the survey 
conducted at 3 years. Drinking alcohol after childbirth 
was significantly associated with non- response to ques-
tionnaires. Higher family income was associated with 
higher response, but the highest family income bracket 
showed an increase in non- response to the questionnaires 
in all survey periods, although the effect was statistically 
significant in only the survey at 6 months.

The Area Under the Curve (AUC) of Receiver Oper-
ating Characteristic curve (ROC) using the results of 
binomial logistic regression analysis was less than 0.71.

DISCUSSION
JECS collects information on the developmental environ-
ment and the growth and development of children based 
on the survey responses of participants, most of whom 
are mothers. We previously examined the factors related 
to non- response to questionnaires distributed during the 
first year after childbirth; these factors included post-
partum physical condition, number of siblings living with 
the child, the child’s caregiver at 1 month of age and 
partner participation. In the present study, we attempted 
to predict the questionnaire response status by using 
related factors collected in the baseline survey and exam-
ined the differences in the impact of these factors by 
survey period. We used data from approximately 100 000 
mothers participating in JECS.

According to a number of earlier studies, health- related 
behaviours, socioeconomic status and poor health at the 
time of the questionnaire can affect the questionnaire 
response rate.2 4 18–28 In addition to these factors, we 
found higher age at delivery and more years of educa-
tion were strongly associated with providing a response 
over all 3 years after childbirth in this study. Higher 
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family income was associated with response, although the 
highest income households showed some association with 
non- response. The time needed to answer the question-
naires and the financial incentives offered for responding 
may have been related to the reduced responses by partic-
ipants in these high- income households. Thus, to help 

improve response rates, consideration should be given 
to the relationship between financial incentives and the 
time needed to answer the questionnaires, as well as any 
additional non- financial incentives offered.

Depression during pregnancy has been reported to 
be a predictor of postpartum depression.29 This may be 

Table 2 Standardised scoring coefficients of response status depending on the follow- up survey wave

Survey period 6 months 1 year 1.5 years 2 years 2.5 years 3 years

AUC for prediction formula creation 0.69 (0.68 to 0.70) 0.67 (0.66 to 0.68) 0.66 (0.66 to 0.67) 0.66 (0.66 to 0.67) 0.66 (0.65 to 0.66) 0.65 (0.64 to 0.65)

AUC for verification 0.71 (0.69 to 0.73) 0.68 (0.66 to 0.70) 0.68 (0.66 to 0.70) 0.66 (0.65 to 0.68) 0.66 (0.65 to 0.68) 0.66 (0.64 to 0.67)

Age at delivery

  <25 Reference Reference Reference Reference Reference Reference

  25–29 0.57 (0.51 to 0.65) 0.61 (0.55 to 0.67) 0.59 (0.54 to 0.65) 0.62 (1.56 to 0.67) 0.64 (0.58 to 0.69) 0.63 (0.58 to 0.69)

  30–34 0.42 (0.37 to 0.48) 0.46 (0.41 to 0.52) 0.47 (0.42 to 0.52) 0.48 (0.43 to 0.52) 0.51 (0.47 to 0.55) 0.52 (0.47 to 0.56)

  ≥35 0.38 (0.33 to 0.44) 0.41 (0.36 to 0.46) 0.39 (0.35 to 0.44) 0.40 (0.36 to 0.44) 0.42 (0.38 to 0.46) 0.43 (0.39 to 0.47)

Self- reported health status after delivery

  Very good Reference Reference Reference Reference Reference Reference

  Good 1.09 (0.99 to 1.21) 1.01 (0.93 to 1.09) 1.04 (0.97 to 1.11) 1.03 (0.97 to 1.17) 1.01 (0.95 to 1.08) 1.03 (0.98 to 1.09)

  Fair 1.19 (1.07 to 1.33) 1.13 (1.03 to 1.23) 1.15 (1.06 to 1.24) 1.17 (1.09 to 1.25) 1.21 (1.13 to 1.29) 1.19 (1.12 to 1.26)

  Poor 1.53 (1.24 to 1.88) 1.20 (1.00 to 1.44) 1.23 (1.05 to 1.44) 1.21 (1.04 to 1.40) 1.26 (1.09 to 1.45) 1.28 (1.13 to 1.47)

Psychological distress during 
pregnancy (K6 ≥13/<13)

1.36 (1.13 to 1.64) 1.21 (1.03 to 1.22) 1.26 (1.09 to 1.45) 1.22 (1.06 to 1.40) 1.16 (1.01 to 1.32) 1.17 (1.03 to 1.32)

Postpartum depression (EPDS ≥9 
points)

1.06 (0.94 to 1.19) 1.08 (0.99 to 1.31) 1.07 (0.98 to 1.16) 1.05 (0.97 to 1.13) 1.05 (0.98 to 1.13) 1.08 (1.00 to 1.16)

Smoking after delivery

  Never smoked Reference Reference Reference Reference Reference Reference

  Quit before pregnancy 1.13 (1.02 to 1.26) 1.12 (1.03 to 1.22) 1.09 (1.01 to 1.18) 1.12 (1.04 to 1.20) 1.10 (1.03 to 1.18) 1.13 (1.06 to 1.20)

  Quit after learning of pregnancy 1.70 (1.52 to 1.90) 1.86 (1.70 to 2.03) 1.87 (1.72 to 2.02) 1.89 (1.76 to 2.03) 1.93 (1.81 to 2.07) 1.80 (1.69 to 1.92)

  Smoker 2.83 (2.44 to 3.28) 2.59 (2.28 to 2.94) 2.48 (2.21 to 2.79) 2.63 (2.36 to 2.93) 2.41 (2.17 to 2.68) 2.36 (2.13 to 2.61)

Alcohol consumption after delivery

  Never drank Reference Reference Reference Reference Reference Reference

  Quit before pregnancy 0.98 (0.82 to 1.18) 1.02 (0.88 to 1.18) 1.00 (0.88 to 1.14) 1.06 (0.94 to 1.19) 1.00 (0.89 to 1.12) 0.99 (0.89 to 1.19)

  Drinker 1.25 (1.06 to 1.47) 1.14 (0.99 to 1.31) 1.17 (1.04 to 1.33) 1.15 (1.02 to 1.29) 1.18 (1.06 to 1.32) 1.14 (1.02 to 1.27)

Number of siblings living with the child

  0 Reference Reference Reference Reference Reference Reference

  1 1.48 (1.34 to 1.63) 1.50 (1.38 to 1.62) 1.48 (1.39 to 1.59) 1.51 (1.42 to 1.61) 1.52 (1.44 to 1.62) 1.45 (1.37 to 1.54)

  ≥2 2.12 (1.90 to 2.36) 2.02 (1.85 to 2.21) 1.89 (1.74 to 2.04) 2.00 (1.87 to 2.16) 2.02 (1.89 to 2.16) 1.93 (1.81 to 2.05)

Child has physical anomalies (yes/
no)

1.03 (0.78 to 1.36) 0.89 (0.70 to 1.12) 0.89 (0.72 to 1.09) 0.89 (0.73 to 1.07) 0.94 (0.79 to 1.12) 0.89 (0.75 to 1.05)

Child’s primary caregiver
(others/mother)

1.70 (1.18 to 2.44) 1.56 (1.15 to 2.13) 1.30 (0.96 to 1.74) 1.27 (0.97 to 1.68) 1.36 (1.05 to 1.75) 1.06 (0.82 to 1.38)

Educational status
(≥13 years/<13 years)

0.77 (0.70 to 0.84) 0.80 (0.74 to 0.86) 0.82 (0.77 to 0.88) 0.79 (0.75 to 0.84) 0.81 (0.76 to 0.85) 0.81 (0.77 to 0.86)

Family income per year

  <4 million yen Reference Reference Reference Reference Reference Reference

  4–12 million yen 0.88 (0.80 to 0.96) 0.96 (0.89 to 1.03) 0.96 (0.90 to 1.02) 0.99 (0.93 to 1.05) 0.97 (0.92 to 1.02) 0.97 (0.92 to 1.02)

  ≥12 million yen 1.36 (1.02 to 1.81) 1.20 (0.94 to 1.54) 1.20 (0.97 to 1.50) 1.27 (1.04 to 1.55) 1.31 (1.09 to 1.57) 1.17 (0.98 to 1.40)

Partner’s participation status*

  Non- participation Reference Reference Reference Reference Reference Reference

  Inactive participation 3.53 (2.71 to 4.60) 3.03 (2.38 to 3.85) 2.82 (2.25 to 3.53) 2.59 (2.08 to 3.23) 2.48 (2.00 to 3.07) 2.41 (1.95 to 2.97)

  Active participation 0.63 (0.58 to 0.68) 0.72 (0.67 to 0.77) 0.69 (0.65 to 0.73) 0.72 (0.68 to 0.76) 0.72 (0.68 to 0.75) 0.72 (0.69 to 0.76)

The results of logistic regression analysis of the response status to the questionnaire items were shown in OR and 95% CI.
*Partners who did not agree to participate or could not be reached to request their participation in JECS were classified under ‘non- participation’. Partners who agreed to participate 
but did not return the questionnaire were classified under ‘inactive participation’. Partners who returned the questionnaire were classified under ‘active participation’.
AUC, Area Under the Curve; EPDS, Edinburgh Postnatal Depression Scale; JECS, Japan Environment and Children’s Study; K6, Kessler 6 scale.
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related to our results that psychological distress during 
pregnancy affected response status more strongly than 
postpartum depression. Although depression during 
pregnancy can be difficult to alleviate,30 postpartum 
depression often resolves at around 6 months after 
delivery and then relapses.31 The difference in the clin-
ical course of depression during pregnancy and after 
childbirth may affect the response rate to follow- up 
questionnaires.

Previous studies have shown that health status, number 
of children and the primary caregiver affect question-
naire response rates,32 33 as we found in this study also. 
Having someone other than the mother as the child’s 
primary caregiver was associated with non- response to the 
follow- up questionnaires in all survey periods, although 
with lower ORs in the later survey periods. In growing 
families, the primary caregiver needs more time to care 
for the child’s siblings, which may have strengthened 
the association with non- response to questionnaires over 
time.

The effect of the child having physical anomalies on 
the response status was small and not significant, though 
a stronger association was seen for non- response to the 
survey at 6 months compared with the surveys at 1 year 
and later. The weaker associations seen in the later survey 
waves may be because mothers come to better understand 
the importance of providing data to JECS about their 
children with physical anomalies over time, given that 
one of the key purposes of JECS is to examine children’s 
health. To help to reduce the number of non- respondents 
among participants whose children have physical anoma-
lies, greater efforts may be needed to sufficiently explain 
the purpose and importance of data collection in JECS 
during the first 6 months postpartum.

In this study, the partner’s participation status in JECS 
was associated with the mother’s questionnaire response 
status. We could find only one related study investigating 
the relationship between the presence of others and 
participation in a study, and this involved general prac-
titioners (GPs) and paediatric cancer patients.34 In our 
study, there was an association between partners classi-
fied as active participants, who had agreed to participate 
in JECS and had returned their questionnaire(s), and 
response, and these partners were thus considered to 
be familiar with the aims of JECS. As such, they might 
have played a role similar to that of the GP in the other 
study, and the effect lasted for 3 years after childbirth. In 
contrast, non- response was associated with having inac-
tive participants, who had agreed to participate but did 
not return their questionnaire(s), although this effect 
decreased over the 3 years. It is not clear from this study if 
the nature of the partner’s support influenced the moth-
er’s response because we did not investigate this factor 
in detail. It is possible that the presence of partners who 
are supportive in parenting or housework may improve 
mothers’ response rates, and future studies should inves-
tigate the relationship between nature of their support 
and response rates.

Prediction using the information from the baseline 
survey revealed AUC values in the range of 0.66–0.7. 
This finding suggests that it would be possible to identify 
predictors of non- response using the participants’ infor-
mation collected in a baseline survey. By identifying the 
predictors of non- response in this way, researchers may 
be able to reduce non- response to successive survey waves 
by issuing reminders, reviewing data collection methods 
and providing appropriate financial and/or non- financial 
incentives, such as offering chances to be involved in 
activities that the participants express interest in.

This study has several limitations. First, the follow- up 
period was only 3 years after childbirth. This study used 
the data of JECS participants who continued partici-
pation until the dataset was finalised. The data used in 
this study were from continuing participants only, so the 
factors influencing withdrawal from longitudinal birth 
cohort studies are not clear. Given that we examined the 
response status for only the first 3 years of follow- up ques-
tionnaires, it is not clear what factors may affect response 
over a longer period. Second, we excluded mothers 
with multiple births. This was done because, although 
multiple children would be included as participants in 
the JECS, the same mother would answer the question-
naire for each child. We considered that responses from 
the same mother would show the same tendency, resulting 
in bias. Third, not all partners of the JECS participants 
were contacted for participation in this study. Whenever 
possible, the participant’s partner was contacted in person 
by the investigator during the participant’s pregnancy in 
order to obtain informed consent. However, when the 
partner could not be reached, their participation status 
was classified as ‘participation refusal’ in the dataset due 
to the lack of informed consent. Finally, this study did not 
examine the relationship between questionnaire response 
status and the mother’s social environment or sudden life 
events or examine the cumulative effect to non- response. 
These aspects are left to future study. The strengths of 
this study are its large sample size and the wide range of 
participant characteristics collected. The total number of 
participants was 88,489, which is sufficient for examining 
response- related factors. JECS covered nearly half (45%) 
of the live births that occurred within the study areas in 
2013, and the characteristics of mothers and children who 
participated in the JECS were similar to those who partic-
ipated in the 2013 Vital Statistics Survey. Therefore, the 
results of this study have sufficient power for our analysis.
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