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AbstrACt
Objectives Non-response to questionnaires in a 
longitudinal study reduces the effective sample size and 
introduces bias. We identified the characteristics of non-
respondent pregnant women, and compared them with 
respondents in the Japan Environment and Children’s 
Study (JECS) during the gestational period.
Design This was a questionnaire-based, longitudinal 
cohort study.
setting Questionnaires were provided by research 
coordinators to mothers at prenatal examinations (at 
obstetrics clinics) or by mail. Mothers were measured 
twice: during the first trimester and during the second/
third trimester.
Participants Data were collected from the 10 129 
participating mothers of the 10 288 children surveyed in 
the 2011 baseline JECS. We excluded responses from 
mothers who had a miscarriage or stillbirth; therefore, we 
analysed data from 9649 participants.
Primary and secondary outcome measures Data 
concerning demographics, medical history, health 
characteristics, health-related behaviour and 
environmental exposure were collected via self-
administered questionnaires. The response status of 
participants’ partners and contact with their obstetrician 
were also examined. Multivariate logistic regression 
analysis was used to examine factors related to non-
response.
results Response was associated with living with one’s 
mother-in-law (ORs: 0.47, 95% CIs: 0.24 to 0.85), positive 
participation of participants’ partner (OR: 0.25, 95% CI: 
0.17 to 0.35) and multiple visits to the obstetrician (OR: 
0.02, 95% CI: 0.02 to 0.03). Participants who had a 
medical history of allergic rhinitis, had body pain or drank 
alcohol had higher odds of responding (ORs: 0.68, 0.96 
and 0.36, 95% CIs: 0.48 to 0.95 and 0.95 to 0.98 and 0.16 
to 0.72, respectively); those exposed to secondary smoke 
had lower odds of responding (OR: 1.59, 95% CI: 1.12 to 
2.23).
Conclusions The non-response rate decreased when 
participants reported health-related behaviour or 
characteristics. Obtaining the understanding of people 
around each participant might help increase response 
rates.

bACkgrOunD
Population-based studies are used to provide 
epidemiological data on the occurrence of 
disease and to identify risk factors that may 
be relevant to these outcomes. The Japan 
Environment and Children’s Study (JECS) is 
a nation-wide birth cohort study that started 
recruiting expectant mothers in January 
2011.1 

In the first year of recruitment, approxi-
mately 10 000 registered pregnant women 
had confirmed obstetric outcomes. Data 
on participants’ health-related behaviour, 
marital status, socioeconomic status and 
education level were collected via self-admin-
istered questionnaires provided twice during 
the gestational period.2

In recent years, the response rates have 
decreased in several epidemiological studies 
over time. Although a particular study may 
achieve a high response rate, the prevalence 
estimates may still be biased if the non-re-
sponses are not random. The non-response 
bias may be related to selection bias; thus, the 
characteristics of non-respondents need to be 

strengths and limitations of this study

 ► The Japan Environment and Children’s Study is a 
nation-wide birth cohort study that includes 10 129 
mothers with confirmed obstetric outcomes in the 
first year of recruitment.

 ► During the gestational period, we provided self-ad-
ministered questionnaires to mothers twice.

 ► The study is strengthened by its assessment of the 
effects of non-response on prevalence estimates as 
well as the exposure–outcome relationship.

 ► The sample size of this study was sufficient to ex-
amine the risk factors of non-response.

 ► We were unable to examine the effects of some so-
cioeconomic factors on non-response.
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confirmed.3 4 Systematic differences in the characteristics 
of respondents and non-respondents detract from the 
outcomes of interest. Therefore, the presence and extent 
of such bias should be investigated.5 In a cross-sectional 
health survey, Pietila and colleagues compared the back-
grounds of responding and non-responding young men 
and found that their socioeconomic status and education 
level were related to their response status.6 Furthermore, 
the response status in the Atherosclerosis Risk in Commu-
nities Study differed according to sex and ethnicity.7

Long-term follow-up studies are hampered by a 
decrease in response rate due to the lapse of time between 
birth and follow-up. A systematic review of randomised 
controlled trials using postal questionnaires showed 
that the response rate was related to the length and/or 
design of questionnaire, use of personalised letters and 
follow-up contact, and matched the interests of partici-
pants and originating sources.8 In longitudinal cohort 
studies, various factors have been shown to be related to 
response status, including age, sex, marital status, educa-
tion, health status, health-related behaviour, lifestyle, 
ethnicity, study objectives, contact modes, number and 
order of contact modes and use of incentives.9–12

Some authors have suggested that non-response 
increases the proportion of infants with adverse outcomes 
in the remaining study population13; however, how these 
factors influence study outcomes is unclear. Therefore, 
we performed this study to describe the characteristics of 
non-responders. We studied pregnant women who were 
registered in a prospective, cohort study and who did not 
return the second questionnaire during the gestational 
period.

MethODs
Design of the JeCs
In the JECS, self-administered questionnaires were 
provided to mothers twice: during the first trimester 
(MT1) and during the second/third trimester (MT2). 
Questionnaires were provided by research coordinators 
at prenatal examinations (in the obstetrics clinic) or by 
mail and returned either by hand at subsequent prenatal 
visits (in the obstetrics clinic) or by mail. The partners 
of registered mothers were also asked to participate. 
We collected data from registered partners during the 
women’s pregnancy through self-administered question-
naires returned by hand or by mail. Women’s medical 
records were transcribed three times, by obstetricians, 
midwives/nurses or research coordinators at the obstet-
rics clinic: during the first trimester, during the second/
third trimester and after delivery.

Design of the non-responder study
In this study, we defined ‘non-respondents’ as JECS partic-
ipants who did not return the questionnaire of second/
third trimesters. This study was based on a dataset (ie, 
jecs-ag-ai-20131008), which was released in October 2013. 
(The dataset supporting the conclusions of this article 

will be available after the steering committee of the JECS 
permits its accessibility.) The participant flow is illustrated 
in figure 1.

Using the MT1 questionnaire, demographic data (age, 
marital status and cohabiting family members), medical 
and obstetric history, health-related behaviour (smoker/
exposure to secondary smoke and alcohol consumption) 
and occupational data were collected. The SF-8 Health 
Survey questionnaire (Japanese version)14 was used to 
assess participants’ health-related quality of life (QOL). 
The K6 questionnaire (Japanese version) was used to 
assess participants’ psychological distress.15 Age was 
divided into four categories: <25 years, 25–29 years, 30–34 
years and ≥35 years. We collected data of cohabiting 
family members via multiple-choice questionnaires.

The response data from participants’ partners and a 
transcription sheet regarding health status data during 
the gestational period were linked with each participant.

Definitions
Participants’ obstetric visiting status was a binary vari-
able and was defined as present for a participant when 
the transcription sheet was returned if they had reported 
‘multiple obstetric visits to collaborating hospitals during 
pregnancy’. Partners’ participation status was defined as 
positive when partners returned the questionnaire.

We collected information on occupation and types of 
employment of participants with the MT1 questionnaire. 
We focused on the following settings: homemakers or 
unemployed, worked from home and employed. For 
allocation of these settings, we used the Japan Standard 
Occupational Classification and the classification of posi-
tions in employment by the Ministry of Internal Affairs 
and Communication.

Regarding exposure to secondary smoke before preg-
nancy, ‘daily’ was defined as when participants answered 
with ‘exposed at least once a week’.

Patient and public involvement
JECS started recruiting expectant mothers in January 
2011 with the aim of assessing environmental factors that 
affect children’s health, with the goal of providing a foun-
dation for policymaking to safeguard the environment for 
the next generation. JECS study aimed to recruit approxi-
mately 100 000 pregnant women and their partners over 3 
years, to collect biological samples, and to collect data on 
their children until they turned 13 years old.1

Written informed consent for participation in JECS 
was obtained from individual mothers. In addition to the 
JECS main study, adjunct studies were conducted by the 
member of JECS group, or any combination of them. The 
adjunct studies may have included procedures that were 
not adopted by the main study, for example, collection 
and examination of placenta. This study was one of the 
adjunct studies of JECS, based on an existing dataset, and 
hence, patients were not directly involved in the sampling 
process.
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ethical considerations
The JECS protocol was reviewed and approved by the 
Ministry of the Environment’s Institutional Review Board 
on Epidemiological Studies and by the Ethics Commit-
tees of all participating institutions. Written informed 
consent was obtained from all participating women and 
their partners.

statistical analyses
The following variables were considered in the analyses 
for mothers: demographic data (age, marital status and 
cohabiting family members), medical and obstetric history, 
physical and mental health, health-related behaviours, 
occupation, environmental exposure, contact status with 
their obstetrician and partners’ response status. Of these 
variables, a Student’s t-test or Welch’s t-test for indepen-
dent groups was used for physical and mental health 
variables (SF-8, K6), or number of cohabiting family 
members (continuous variables), and a Pearson’s χ2 test 
or Fisher’s exact test was used for other variables (cate-
gorical variables). The variables that had significant asso-
ciations with non-response to the MT2 questionnaire in 

the bivariate logistic regression models were included in 
the multivariate models. Prevalence ORs and 95% CIs for 
non-response were estimated using multivariate logistic 
regression analyses. The contribution of a variable to the 
regression model was assessed using the likelihood ratio 
test.

A significance level of 0.05 (two-tailed) was used for 
all statistical tests. JMP Pro V.11 (SAS Institute, Cary, NC, 
USA) was used for all statistical analyses.

results
The overall response rate to the questionnaire in 
the second/third trimester was 97.7% (9432/9649). 
Table 1 shows the participants’ characteristics at the 
first trimester, their partners’ participating status and 
visits to the obstetrician among responders and non-re-
sponders. The proportions of marital status, family 
members, medical history, exposure to secondary smoke 
and job status significantly differed between responders 
and non-responders. The responders were more likely to 
be married, living with in-laws, have a history of allergic 

Figure 1 Participant (expecting mothers) flow.
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Table 1 Baseline characteristics of sample

Responder
(n=9432)

Non-responder
(n=217)

p value% %

Age (years) 0.205

  <25 9.1 10.4

  25–29 27.3 24.2

  30–34 35.8 42.3

  >=35 27.8 23.1

Marital status 0.024

  Married 95.8 93.9

  Unmarried 3.2 3.3

  Divorced/widowed 1.0 2.8

Family member participants living with

  None 0.7 0.9 0.661*

  Partner 93.0 91.7 0.471

  Children 55.3 54.8 0.892

  Father 7.6 5.5 0.298*

  Mother 9.9 8.8 0.646*

  Brother/sister 4.2 5.9 0.218

  Father-in-law 9.4 5.5 0.045*

  Mother-in-law 11.6 5.5 0.005*

  Brother/sister-in-law 3.1 0.9 0.071*

1st pregnancy 30.5 31.0 0.940*

Medical history

  Have allergic rhinitis 35.9 26.7 0.005*

  Have allergic conjunctivitis 10.9 6.4 0.035*

Smoking habits during early pregnancy 0.072

  Never smoked 56.8 50.0

  Ex-smokers who quit before pregnancy 24.2 25.2

  Ex-smokers who quit after pregnancy 13.5 15.9

  Smoker 5.5 8.9

Exposed to secondary smoke before pregnancy† <0.001

  Rarely 80.2 71.0

  Daily 19.8 29.0

Alcohol consumption during early pregnancy 0.006*

  Never drinker 35.0 40.4

  Ex-drinkers 55.0 55.4

  Drinkers 10.0 4.2

Job site of participants 0.011

  Housewife/unemployed 42.2 52.2

  Work from home 3.4 3.9

  Employed 54.4 43.9

Relationship with others

  Visits obstetrician‡ 97.8 54.3 <0.001*

  Positive participation of partners§ 60.4 23.9 <0.001*

Mean, SE Mean, SE p value

No. of household member 3.3, 0.01 3.1, 0.09 0.094¶

Health-related quality of life (SF-8)

Continued
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rhinitis or allergic conjunctivitis, have better physical 
functioning, have a high response rate from their partner 
and make more visits to the obstetrician. Additionally, 
responders were less likely to have a history of migraines 
or polycystic ovary syndrome than were non-responders. 
Non-responders were more likely to have been exposed to 
secondary smoke than were responders. Participants who 
were employed were more likely to respond than were 
their counterparts. The SF-8 physical functioning and 
body pain scales were significantly higher for responders 
than for non-responders.

Two variables showed significant associations—living 
with one’s mother-in-law and having allergic rhinitis—
with non-response according to the bivariate logistic 
regression model. Tables 2A,B shows the ORs for non-re-
sponse according to the various demographic and clinical 
characteristics, partners’ participation status and visiting 
obstetricians in the multivariate logistic regression anal-
yses. Model 1 included the variables that had significant 
associations with non-response of MT2.

The odds of non-response were lower in participants 
who had a medical history of allergies, which is one of the 
priority outcomes of the JECS1 ; had a positive QOL; were 
living with their mother-in-law; had partners who actively 
participated and had maintained contact with obstetri-
cians. However, the odds of non-response were higher in 
participants who had been exposed to secondary smoke. 
Marital status, job site and the SF-8 physical functioning 
scale did not match the model, and thus were excluded.

Model 2 excluded variables that did not show signifi-
cance in model 1. The odds of non-response were higher 
in participants who had been exposed to secondary 
smoke; however, the odds were lower in participants who 
lived with their mother-in-law, had a history of allergic 
rhinitis, had a positive QOL regarding body pain, had 
partners who participated and visited the obstetrician.

DisCussiOn
Using data collected during pregnancy, we evaluated 
non-response bias in approximately 10 000 pregnant 
women who participated in the JECS. Many factors were 
independently associated with response to the follow-up 
questionnaire. The characteristics associated with a 
greater probability of response included being married, 
living with one’s mother-in-law and where the participants 
worked. Having a medical history of allergic rhinitis or 
allergic conjunctivitis resulted in a higher probability of 
response. The number of partners with positive partic-
ipation in the JECS and multiple visits to the obstetri-
cian were significantly lower in non-responders than in 
responders.

The ORs for non-response were correlated with 
demographic and clinical characteristics, partners’ 
participation status and visiting the obstetrician in the 
multivariate logistic regression analysis. Specifically, the 
odds of non-response were lower in participants who had 
a medical history of allergies, which is one of the priority 
outcomes of the JECS; who had a positive QOL; who were 
living with their mother-in-law; whose partners partici-
pated and who maintained contact with obstetricians. 
The odds of non-response were higher in participants 
who had been exposed to secondary smoke. Baron and 
colleagues reported that passive smoking showed disparity 
across educational levels.16 We could not consider the 
effects of education; however, the relationship between 
non-response and exposure to secondary smoke might be 
affected by participants’ education.

One of the objectives of the JECS was to assess environ-
mental factors that affect children’s health (eg, allergic 
diseases). The prevalence of allergic rhinitis in the Japa-
nese population was 44.2% in 2006–200717 and that of 
allergic conjunctivitis disease was 14.8% in 1993.18 Both 
were higher than those reported in the current study 

Mean, SE Mean, SE p value

  General health 46.9, 0.1 46.7, 0.5 0.772

  Physical functioning 46.6, 0.1 45.5, 0.5 0.027

  Role physical 43.7, 0.1 43.5, 0.6 0.756

  Body pain 50.0, 0.1 48.7, 0.6 0.025

  Vitality 47.5, 0.1 47.2, 0.5 0.452

  Social functioning 44.2, 0.1 43.4, 0.6 0.203

  Mental health 47.0, 0.1 46.2, 0.5 0.062

  Role emotional 47.2, 0.1 46.5, 0.5 0.198

  Physical component summary 45.5, 0.1 44.8, 0.5 0.203

  Mental component summary 46.3, 0.1 45.6, 0.5 0.164

Self-administered mental health (K6) 9.6, 0.0 10.1, 0.3 0.097¶

*Fisher’s exact test.
†‘Daily’ defined as subjects exposed at least once a week.
‡Participants who collected the transcription sheet defined as multiple visits with obstetrician.
§Positive participation of partner was those who answered the questionnaire.
¶Welch’s t-test.

Table 1 Continued 
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(35.9% and 10.9%, respectively). Macera and colleagues 
reported that responders were individuals who had 
family members with certain chronic conditions in their 
health-related survey.19 Leadbetter and colleagues exam-
ined the perceived risk of cancer by comparing early and 
late responders. They reported that the salience of the 
survey topic was associated with a prompt response.20 In 
this survey, participants with interest in children’s allergic 
diseases were more likely to respond; however, daily expo-
sure to secondary smoke made non-responses more likely. 

In health-related surveys, participants with risky health 
behaviours are more likely to be non-respondents than 
are those who exhibit healthier behaviour.21

Etter and colleagues reported that respondents had 
better general health than did non-respondents.22 Marti-
kainen and colleagues evaluated non-response bias in 
analyses of social class inequalities in health.23 They 
found that female non-respondents had an approxi-
mately 20%–30% higher sickness absence rate per 100 
person-years than did respondents. Our results from the 

Table 2A Multivariate logistic regression predicting the likelihood of survey non-response: model 1

Variable OR (95% CI) p value

Marital status

  Married Reference

  Unmarried 0.64 (0.23 to 1.48) 0.324

  Divorced/widowed 1.22 (0.28 to 3.52) 0.750

Living with mother-in-law (yes/no) 0.50 (0.25 to 0.90) 0.020

Job site of participants

  Housewife or unemployed Reference

  Work from home 1.58 (0.67 to 3.26) 0.173

  Employed 0.86 (0.62 to 1.19) 0.107

Medical history of allergic rhinitis (yes/no) 0.62 (0.43 to 0.88) 0.007

Health-related quality of life (physical functioning) 0.98 (0.96 to 1.00) 0.135

Health-related quality of life (body pain) 0.97 (0.95 to 0.98) 0.002

Exposed to secondary smoke during early pregnancy (daily/rarely) 1.48 (1.03 to 2.11) 0.034

Alcohol consumption

  Drinker during early Pregnancy/never drunk 0.34 (0.14 to 0.71) 0.002

  Drinker during early pregnancy/ex-drinkers 0.45 (0.19 to 0.92) 0.027

Relationship with others

  Visits to obstetrician (yes/no) 0.02 (0.02 to 0.04) <0.001

  Positive participation of partners (yes/no) 0.26 (0.18 to 0.36) <0.001

For this model, data of 9298 people were used.
AICc, 1427.9, LOF: p=1.000.
AIC, Akaike's Information Criteria; LOF, Lack Of Fit.

Table 2B Multivariate logistic regression predicting the likelihood of survey non-response: model 2

Variable OR (95% CI) p value

Living with mother-in-law (yes/no) 0.47 (0.24 to 0.85) 0.011

Having history of allergic rhinitis (yes/no) 0.68 (0.48 to 0.95) 0.024

Health-related quality of life (body pain) 0.96 (0.95 to 0.98) <0.001

Exposed to secondary smoke (daily/rarely) 1.59 (1.12 to 2.23) 0.009

Alcohol consumption (drinker/never drinker) 0.36 (0.16 to 0.72) 0.002

Alcohol consumption (drinker/ex-drinker) 0.47 (0.21 to 0.92) 0.026

Visits obstetrician (yes/no) 0.02 (0.02 to 0.03) <0.001

Positive participation of participants’ partners (yes/no) 0.25 (0.17 to 0.35) <0.001

For this analysis, data of 9634 people were used.
AICc, 1507.8, LOF: p=1.000.
AIC,  Akaike's Information Criteria; LOF, Lack Of Fit. 
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body pain scale showed that respondents were healthier 
than were non-respondents, which is consistent with 
these previous results. The response rate was higher 
among participants who lived with their mother-in-law, 
those who had partners who positively participated and 
those who maintained contact with an obstetrician. Alessi 
and colleagues suggested that general practitioners’ 
understanding of the study could influence the attitude 
of their patients.24 Our results indicate that the same 
is true for people close to the participants. Hatta and 
colleagues reported that parents-in-law were perceived as 
the least cohesive persons among close family members 
in Japan.25 Another study of postpartum depression in 
China reported that the underlying cultural setting of the 
daughter-in-law/mother-in-law relationship contributed 
to depression among daughters-in-law.26 In our survey, the 
presence of a mother-in-law may have acted as a stressor 
to motivate the participants to return the questionnaires.

Furthermore, we collected participants’ job status and 
categorised it into three modes: homemakers or unem-
ployed, worked from home and employed. The response 
rate depended on participants’ job, with a higher response 
rate being found among participants working from home 
than among those whose job location was outside of their 
home. In the Survey on Time Use and Leisure Activities in 
2011,27 women who worked from home (family workers) 
spent more time on housework and less time on self-edu-
cation/training and hobbies/amusement than did those 
who were employed outside of their home. Associations 
with response to the questionnaire were also observed for 
job location and time spent answering the questionnaire; 
however, these relationships were weak.

Michikawa and colleagues reported that there was no 
difference in the distribution of maternal age at delivery 
between the JECS participants and the general popula-
tion, further revealing that characteristics of selected 
infants in the JECS population (singleton birth, gesta-
tional age at birth, gender, birth weight) were similar to 
those of national survey data from the general population 
in Japan.2 The association between non-response and the 
relative factors found in this study was observed in Japa-
nese pregnant women.

The limitations of this study are as follows: (1) a lack of 
information on education level and participants’ socio-
economic status, (2) a lack of information on the survey 
mode and (3) a lack of information on partners’ registra-
tion status. However, we know that socioeconomic status 
and education level are related to response status.6 28–30 
In the JECS study, however, the socioeconomic and 
education status data were collected with the MT2 ques-
tionnaire, which was used to examine the non-response 
factor. Thus, we could not examine these factors. In 
particular, it seems that the investigators’ interpretation 
of ‘secondary smoke’ was inconsistent with their results 
regarding alcohol consumption or health-related vari-
ables. These variables were related to socioeconomic and 
education status. In addition, several researchers have 
reported that response status differs according to survey 

mode.31–34 In this study, we collected questionnaires by 
hand or by mail. Because we were unable to collect data 
on the mode used, we did not evaluate the effect of these 
distinct modes. We were also unable to collect informa-
tion regarding the extent of partners’ participation—any 
response was considered positive. Finally, we could not 
confirm participants’ medical or obstetric history using 
clinical data. Relying solely on data collected by self-ad-
ministered questionnaires introduces the risk of response 
bias.

COnClusiOns
In conclusion, this study showed that obtaining under-
standing of the research objectives from people who are 
close to the participants was associated with a higher odds 
of response. To reduce the non-response rate in future 
follow-up surveys, additional efforts should be made to 
maintain contact and encourage participation among 
individuals who display relevant characteristics of poten-
tial non-responders. Because the data collected from 
pregnant women participating in JECS were used in this 
study, it means the participants may have been influenced 
by the Japanese culture and/or their socioeconomic situ-
ation. It is necessary to consider the results obtained from 
other participants from different cultures or nationalities.
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