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Abstract

Background—Attrition, the loss of participants as a study progresses, is a considerable 

challenge in longitudinal studies. This study examined whether two forms of attrition, 

“withdrawal” (formal discontinued participation) and “non-response” (non-response among 

participants continuing in the study) have different associations with mortality, and whether these 

associations differed across time in a multi-wave longitudinal study.

Methods—Participants were 10 012 civil servants who participated at the baseline of the 

Whitehall II cohort study with 11 data waves over average follow-up of 28 years. We performed 

Licence for Publication: The Corresponding Author has the right to grant on behalf of all authors and does grant on behalf of all 
authors, an exclusive licence (or non exclusive for government employees) on a worldwide basis to the BMJ Publishing Group Ltd to 
permit this article (if accepted) to be published in JECH and any other BMJPGL products and sublicences such use and exploit all 
subsidiary rights, as set out in our licence.

Correspondence to Mifuyu Akasaki, Department of Behavioural Science and Health, University College London, 1-19 Torrington 
Place, London WC1E 6BT United Kingdom.
Contributors: MA conceived the initial idea for the paper and elaborated this with all authors; MA and ON designed the study, and 
MA, ON and MJS undertook statistical analysis. MA, MK, AS, ON, and MJS drafted the article. All authors contributed to the critical 
revision and the final approval of the version to be published. MA is guarantor. All authors had agreement to be accountable for the 
accuracy and integrity of the study. The corresponding author affirms that all authors meet authorship criteria recommended in the 
International Committee of Medical Journal Editors (ICMJE) Recommendations for the Conduct, Reporting, Editing, and Publication 
of Scholarly Work in Medical Journals 2013. The corresponding author attests that all listed authors meet authorship criteria and that 
no others meeting the criteria have been omitted.
*Joint senior authors

Competing interests: All authors have completed the ICMJE uniform disclosure form at www.icmje.org/coi_disclosure.pdf and 
declare: no support from any organisation for the submitted work; no financial relationships with any organisations that might have an 
interest in the submitted work in the previous three years; no other relationships or activities that could appear to have influenced the 
submitted work.

Ethical approval: It was not required since the study used secondary data. The Joint University College London/University College 
London Hospital Committees on the Ethics of Human Research has approved the Whitehall II study.

Transparency statement: MA affirms that the manuscript is an honest, accurate, and transparent account of the study being reported; 
that no important aspects of the study have been omitted; and that any discrepancies from the study as originally planned (and, if 
relevant, registered) have been explained.

Data sharing: Data of the Whitehall II study are available to the scientific community. Data sharing policy is available at https://
www.ucl.ac.uk/epidemiology-health-care/research/epidemiology-and-public-health/research/whitehall-ii/data-sharing.

Dissemination plans: The dissemination plan targets a wide audience, including members of the public, patients, health professionals, 
and academic researchers in the speciality through various channels such as written communication, conferences, and social media.

HHS Public Access
Author manuscript
J Epidemiol Community Health. Author manuscript; available in PMC 2021 October 01.

Published in final edited form as:
J Epidemiol Community Health. 2020 October ; 74(10): 824–830. doi:10.1136/jech-2019-213175.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.icmje.org/coi_disclosure.pdf
https://www.ucl.ac.uk/epidemiology-health-care/research/epidemiology-and-public-health/research/whitehall-ii/data-sharing
https://www.ucl.ac.uk/epidemiology-health-care/research/epidemiology-and-public-health/research/whitehall-ii/data-sharing


competing-risks analyses to estimate sub-distribution hazard ratios and 95% confidence intervals, 

and likelihood ratio tests to examine whether hazards differed between the two forms of attrition. 

We then applied linear regression to examine any trend of hazards against time.

Results—Attrition rate at data collections ranged between 13% and 34%. There were 495 deaths 

recorded from cardiovascular disease and 1367 deaths from other causes. Study participants lost 

due to attrition had 1.55 (95% confidence interval 1.26 to 1.89) and 1.56 (1.39 to 1.76) times 

higher hazard of cardiovascular and non-cardiovascular mortality than responders respectively. 

Hazards for withdrawal and non-response did not differ for either cardiovascular (p-value = 0.28) 

or non-cardiovascular mortality (p-value = 0.38). There was no linear trend in hazards over the 11 

waves (cardiovascular mortality p-value = 0.11, non-cardiovascular mortality p-value = 0.61).

Conclusion—Attrition can be a problem in longitudinal studies resulting in selection bias. 

Researchers should examine the possibility of selection bias and consider applying statistical 

approaches that minimise this bias.
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Introduction

Many long-term cohort studies are affected by gradual attrition due to withdrawal and non-

response (1). One challenge is to ensure that inferences drawn are applicable to the members 

of the study population; internal validity (2, 3). If some study participants do not respond 

and they have systematically different characteristics from those who do, then estimated 

effects among the responders may not pertain to the original study population (4, 5). In this 

situation, estimation may be biased, thus undermining external validity or generalisability (2, 

3). In addition, ensuring internal and external validity are important challenges for 

researchers as response rates in studies have generally declined over the past four decades, 

possibly because of increased burden on participants (e.g. increase in the number of studies, 

more extensive and time-consuming questionnaires, biological sampling, the requirements of 

participants’ consent) (6, 7).

Studies have investigated characteristics of non-responders to understand predictors of non-

response, and potential for bias in results. For instance, those who drop out from studies are 

more likely to be men (8–10), be young or old people (11, 12), be single (8, 13), be in a 

lower employment grade (14, 15), have adverse smoking or alcohol drinking habits (16, 17), 

have greater cognitive impairment (10, 18), and have worse health (14, 19). Analysis of the 

Whitehall II study, a large multi-wave cohort study, has shown differences in characteristics 

of participants when distinguishing between response, non-response, or withdrawal - the 

three categories of “response status” - of a participant (8). Withdrawers from the study were 

more likely to have adverse mental health, while non-responders were less likely to have 

long-standing illnesses (8). Not only is it important for this study, and others, to recognise 

and compensate for those at higher risk being under-represented in participants (20), but also 

it is important to address whether there are clear differences in risk by category of attrition, 

and if so why.
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Population-based studies linked with electronic health records suggest that attrition is 

associated with an approximate doubling of the risk of mortality (16, 21, 22). To date, most 

relevant studies have employed response status at a single time point (i.e. baseline), with no 

distinction between withdrawals and non-responders, or have used patterns of response 

status over time (21, 23). It is unclear whether the association of attrition with higher 

mortality applies only to non-responders at baseline, or whether the association persists and 

applies to all waves. If there were a trend in the risk of mortality in responders compared to 

the risk in those lost to attrition even after adjustment for measured factors such as age, it 

would be a sign that differences in unmeasured risk factors between responders and those 

lost to attrition change wave to wave; hence a sign that sources of bias change wave to wave 

(24). Some studies have examined trends in mortality over time by baseline response status, 

but failed to consider response status at follow-up (22, 25). Furthermore, it is unknown 

whether attrition is associated with increased mortality in CVD, a major cause of death.

Accordingly, this study aims to (i) examine the extent to which response status at each wave 

is associated with cardiovascular and non-cardiovascular mortality up to the following wave; 

(ii) investigate whether the hazard of mortality differs between two forms of attrition: 

withdrawal, and non-response; and (iii) assess whether there is a trend across waves in the 

association between attrition and mortality.

Methods

Study population

The Whitehall II study was established in 1985 to determine the factors which contribute to 

social inequalities in health. There were 10 308 participants (men 6895; women 3413, aged 

33–55) at entry to the study (wave 1) who were non-industrial civil servants from 20 Civil 

Service Departments in London. The study has had twelve waves of data collection up to 

2016. The response rate in each wave has remained over 65% across all waves separated by 

three years on average. We included 10 012 participants who responded at baseline and who 

have no missing values in covariates and mortality (Figure 1).

Variables

Response status—The Whitehall II study has conducted both self-administered 

questionnaires and medical examinations at odd-numbered waves, and self-administered 

questionnaires only at even-numbered waves, In our analysis, for each study participant at 

each wave, “response” is when the participant either completes the self-administered 

questionnaire or attends the medical examinations at a wave. “Withdrawal” is when the 

participant officially informs the study research team that they wish to permanently leave the 

study, and “non-response” is when the participant (who has not formally withdrawn from the 

study) does not respond at a certain wave. Participants who have withdrawn from the study 

are not contacted again at future waves whereas non-responders are re-contacted and could 

participate at later waves. Non-response is not due to mortality. We term either withdrawal 

or non-response as “attrition”, and “response status” as comprising response and attrition. 

Prior to wave 4 it is not possible to distinguish withdrawal from non-response due to the way 

how the data were collected. We therefore conducted two analyses. In analysis 1, we used all 
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waves from wave 1 in terms of attrition (i.e. withdrawal or non-response combined) and in 

Analysis 2 we analysed data from wave 4 onwards, using all three categories of response 

status (i.e. withdrawal, non-response, response). Reasons for withdrawal and non-response 

were not available.

Mortality—Cardiovascular disease (CVD) and non-CVD mortality were tracked by the 

National Health Services (NHS) central registry. CVD mortality includes coronary heart 

disease, angina, myocardial infarction and stroke. Mortality was tracked from wave 1 to 

August 2017 in 10 292 participants (99.8%), with mean follow-up of 28.7 years (standard 

deviation: 5.1 years). We identified CVD mortality based on International Classification of 

Disease (ICD)-9 (codes 390-459) and 10 (codes I00 - I99). Non-CVD mortality includes 

cancer (ICD-9: 140-239; 10: C00-C97), respiratory mortality (ICD-9: 460-519; 10: J00-J99) 

and any other cause not classified as CVD mortality.

Covariates—We adjusted for factors related to sociodemographic characteristics, health 

risk behaviours, and general health status to examine whether these could explain the 

associations between response status and mortality. Covariates were available only when 

response status was “response” and therefore present for all participants only at wave 1. We 

measured covariates using standard questionnaire measures.

Sociodemographic characteristics—Participants’ sex, age in years, ethnicity (white 

vs. non-white), marital status (married/cohabiting, single, divorced/widowed) and 

employment grade are all associated with health (26) and were taken from the first wave of 

the study. Information on sex, age, and employment grade at wave 1 was known for all 

participants. Missing values in ethnicity and marital status were replaced, where known, 

with responses from the wave 5 and wave 2 questionnaire respectively. Employment grade 

was categorised as “administrative” (high grade), “professional/executive” (intermediate 

grade), and “clerical/support” (low grade).

Health risk behaviours—Health behaviours were taken from participants’ questionnaire 

responses at wave 1 of the study. Smoking habit (never-smoker, ex-smoker, and current-

smoker), alcohol drinking (<14 units per week and ≥14 and over units per week), and 

leisure-time physical activity (high, intermediate, low) were included. Physical activity was 

assessed based on answers to questions about the frequency and duration of participation in 

moderately energetic (e.g. dancing, cycling, leisurely swimming), and vigorous physical 

activity (e.g. running, hard swimming, playing squash). Missing values were replaced with 

those from the waves 2 and 3. The cut-off points for alcohol consumption and physical 

activity were determined in line with the NHS guideline (27).

General health status—The 36-item Short Form Health Survey (SF-36) physical – 

Physical Component Score (PCS) - and mental – Mental Component Score (MCS) - scores 

were included. PCS is derived from; general health perceptions (5 items), physical 

functioning (10 items), role limitations due to physical functioning (4 items), bodily pain (2 

items). MCS is derived from; vitality (4 items), general mental health (5 items), role 

limitations due to emotional problems (3 items), and social functioning (2 items). Higher 

scores represent better health. PCS and MCS are not available prior to wave 3 and were 
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therefore omitted from Analysis 1. Analysis 2 treated PCS and MCS from the previous wave 

as covariates. Missing PCS and MCS values were replaced using the last known 

measurement carried forward. We categorised PCS and MCS using wave- and sex-specific 

quartiles.

Statistical methods

We calculated participants’ response rate across all waves of the study as the number of 

waves responded divided by the number of waves that they could have responded to while 

still alive (28). Mean response rates and 95% confidence intervals (CIs) by levels of each 

covariate were calculated.

We used competing-risks analysis to assess the association of subsequent mortality with the 

time scale being study wave, with attrition status (analysis 1) or response status (analysis 2) 

at each wave as the exposure. The sub-distribution hazard ratios (SHRs) and 95% CIs of 

CVD mortality were estimated using non-CVD mortality as a competing risk. Similarly, 

those of non-CVD mortality were estimated with CVD mortality as a competing risk. We 

included interaction terms between attrition/response status and sex, age, and employment 

grade, to assess whether these factors modified associations between attrition/response status 

and mortality. We also investigated whether SHRs showed evidence of trend across waves by 

regressing point estimates of SHRs against wave. We conducted two analyses as follows 

(Figure 1).

Analysis 1: We analysed 10 012 participants, initially for the association of attrition status 

with CVD and non-CVD mortality from wave 1 up to August 2017, adjusted for sex and 

age, and finally additionally adjusting for marital status, ethnicity, employment grade, 

smoking, alcohol drinking, and physical activity.

Analysis 2: In 8791 participants we analysed the association of response status with CVD 

and non-CVD mortality, from wave 4 up to August 2017, adjusting as in analysis 1 with the 

addition of PCS and MCS from the previous wave as time-varying variables. In this analysis, 

we included participants who had responses in both PCS and MCS from at least one wave 

between wave 3 and wave 11. Likelihood ratio tests were used to examine whether the 

estimated risks of mortality differ across the two forms of attrition by comparing models of 

attrition status with models of response status.

We conducted sensitivity analyses by repeating analysis 1 using person-years, rather than 

wave, as the time scale in the same models as used in the main analysis.

We used the Stata SE version 15.1 for all analyses.

Results

The total number of participants recruited into the Whitehall II study at wave 1 was 10 308, 

and their response status at each wave is given in Table 1. The attrition rate was between one 

fifth and one third of eligible study population (those who had not died) at each wave except 

at waves 3 and 4 when efforts were made to raise participation. The proportion of deaths 
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attributable to CVD rose, then fell, as research participants aged. In analysis 1, we included 

10 012 participants, who had no missing values in covariates, CVD, and non-CVD mortality 

(men; 67.4%). Table 2 shows the participants’ response rates (the proportion of waves 

attended) according to the characteristics of study population. Response rates were higher in 

men (81.9%) than women (74.0%), and showed a trend across employment grade, being 

highest in the highest grade (86.1%) and lowest in the lowest grade (66.2%).

Table 3 shows the association between attrition status and CVD and non-CVD mortality. 

There were 495 deaths recorded from CVD and 1367 deaths from non-CVD. Compared to 

responders, participants with attrition had 1.55 (95% CI 1.26 to 1.89) times the hazard of 

CVD mortality after adjustment for sex, age, ethnicity, marital status, employment grade, 

smoking habit, alcohol drinking, and physical activity. For non-CVD mortality, the hazard 

ratio was 1.56 (1.39 to 1.76). The association between attrition and mortality was not 

modified by sex, age, or employment grade. Table S1 in the online supplementary file shows 

the SHRs and 95% CIs for the association between attrition and CVD and non-CVD 

mortality from each wave to the following wave, on average a period of three years. There 

was no evidence of trend in point estimates of SHRs across the waves for either CVD 

mortality (p-value = 0.11) or for non-CVD mortality (p-value = 0.61). Sensitivity analyses 

using person-years, rather than wave, showed the same pattern of results, but with all the 

SHRs slightly reduced (Table S2, online supplementary material).

From wave 4 onwards, attrition could be partitioned into non-responders and those who had 

completely withdrawn from the study. Among 8791 participants in analysis 2, there were 

353 deaths recorded from CVD and 1056 deaths from other causes. Figure 2 shows the 

cumulative incidence function (CIF) for CVD and non-CVD mortality from wave 4 for each 

response status. For CVD mortality, the curves of CIF between non-response and withdrawal 

diverged, whilst for non-CVD mortality those between non-response and withdrawal were 

almost parallel. The association of response status with mortality is shown graphically in the 

figure 3, and further details of the results are given in Tables S3, S4, and S5 in the online 

supplementary material. Likelihood ratio tests showed no evidence that the differentiation of 

two types of attrition improved the models for either CVD (p-value = 0.28) or non-CVD 

mortality (p-value = 0.38).

Discussion

The principal findings are that, compared to responders, attrition after baseline is associated 

with approximately 1.5 times higher hazard of mortality for both CVD and non-CVD 

mortality after adjustment for covariates. There is no difference in the hazard of either CVD 

or non-CVD mortality between withdrawal and non-response. In addition, the association of 

attrition with mortality does not vary across waves.

Our findings show a slightly weaker association than previous studies, which have reported a 

doubling of the hazard of mortality in those with attrition compared to responders (16, 21, 

22). This may be because previous studies categorised response status retrospectively from 

deaths as an end point, while we used prospectively measured response status; or because 

the majority used response status at baseline only, not during follow-up. It may be explained 
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by the previous findings that non-responders at baseline had a remarkably higher hazard of 

mortality than participants in longitudinal studies (16, 21, 22, 25). We found no differences 

in the hazard between withdrawal and non-response, our null hypothesis. A possible 

explanation is that, among those lost due to attrition, the two distributions of reasons for 

attrition, between withdrawals and non-responders, do not differ across the waves. The 

associations of response status with CVD mortality were attenuated with adjustment for 

sociodemographic factors and health risk behaviours, consistent with the previous studies 

(8–18, 29–31). Morbidity is also one of the potential predictors of attrition. Some (14, 19, 

32), but not all (8) of the literature has documented that those who have illness are more 

likely to be lost to follow-up. To examine this association, we included physical and mental 

health status using SF-36 from the previous wave in the model. However, it did not attenuate 

the association, possibly because it may depend on the severity of illness, whether illness is 

acute or chronic, or the existence of psychological illness, rather than general health status.

The association between response status and subsequent mortality is not causal; however, as 

our study shows, response status may predict mortality in later waves. This implies that 

internal and external validity of studies may be affected in certain circumstances (4, 33, 34). 

For example, selection can lead to collider bias (a bias occurring when two variables 

independently affect a third variable, and that third variable is conditioned upon), which can 

bias estimations (4). Complete case analysis would not be problematic if it can be assumed 

that missingness occurs completely at random (34). This is, however, a strong assumption. 

When some data are available for those subsequently lost due to attrition, multiple 

imputation or inverse probability weighting can be used to reduce, or even remove, the 

possible selection bias. Some other alternative approaches have also been discussed (34–37).

We hypothesised that differences in hazards between participants and those lost due to 

attrition would change with time. Our study, however, did not support this hypothesis, which 

suggests that relative changes of unmeasured risk-factors in responders compared to 

withdrawers/non-responders were either absent, or not sufficiently large to influence 

outcomes.

Our study has limitations. Due to the way in which the data were collected up to wave 4, we 

were unable to distinguish withdrawal from non-response in analysis 1. If the magnitude of 

associations with mortality differed between withdrawal and non-response up to wave 4, our 

results in the analysis 2 might not generalise across all waves of the study. Because of the 

small number of deaths for each specific cause, we pooled all non-CVD deaths, which may 

have resulted in a diluted hazard since aetiology certainly differs across diseases. Cognitive 

impairment, a considerable determinant of the attrition (38), may have a major influence 

particularly in ageing cohort studies. However, we were unable to examine associations 

between cognitive function, attrition, and mortality because cognitive function was measured 

only from wave 5, by which time about three-quarters of the total attrition had already 

occurred. Although some results from the Whitehall II study could apply to more general 

populations (39), it would be interesting to repeat this work in a general population cohort to 

examine whether the association of response status with mortality is also reproducible. 

Further research on cause-specific mortality, such as subtypes of cancer, is required to 

estimate the hazard by response status in longitudinal studies.
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In conclusion, these findings suggest that those who are lost due to attrition, no matter when 

attrition occurs, have an excess mortality within three to five years. Attrition, therefore, does 

have the potential to cause bias in follow-up studies. The response rate could be an indicator 

of selection bias, however not always (4, 33). We therefore recommend that researchers 

report characteristics of those excluded from the study to allow readers to evaluate the 

validity of findings, and consider applying statistical methodologies to minimise bias due to 

attrition.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Summary Box

What is already unknown on this topic

• Non-participation at baseline is known to be associated with increased risk of 

all-cause mortality.

• However, it is uncertain whether this finding is generalisable to attrition 

during follow-up in multi-wave longitudinal studies.

• Also, it is unknown whether attrition predicts cardiovascular mortality, and 

whether the association differs between two forms of attrition; non-response 

and withdrawal.

What this study adds

• Participants lost due to attrition, no matter when attrition occurs in the study, 

have approximately 1.5 times higher mortality within three to five years than 

responders. Attrition, therefore, does have the potential to cause bias in 

follow-up studies.

• We recommend that researchers report characteristics of those excluded from 

the study to allow readers to evaluate the validity of findings, and consider 

applying statistical methodologies in analyses to minimise selection bias due 

to attrition.
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Figure 1. 
Flow chart of participants’ recruitment
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Figure 2. 
Cumulative incidence function of CVD and Non-CVD mortality by response status (left; 

CVD mortality, right; non-CVD mortality)
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Figure 3. Sub-distribution Hazard Ratios (SHRs)a and 95% Confidence Intervals (CIs) of CVD 
and Non-CVD mortality by response status
a SHRs of withdrawal/non-response are based on 10 012 participants (analysis 1), adjusted 

for sex, age, ethnicity, marital status, employment grade, smoking habit, alcohol drinking, 

and physical activity. SHRs of withdrawal and non-response are based on 8791 participants 

(analysis 2), adjusting as in analysis 1 with the addition of PCS and MCS.
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Table 2.

Characteristics of study population (n=10 012)

n (%) Response rate (95%CI)
a

Sex

 Men 6749 (67.4) 81.9 (81.7-82.2)

 Women 3263 (32.6) 74.0 (73.6-74.5)

Age in years

 39 and below 2750 (27.5) 79.9 (79.5-80.4)

 40 - 44 2607 (26.0) 80.0 (79.6-80.5)

 45 - 49 2031 (20.3) 78.8 (78.2-79.3)

 50 and over 2624 (26.2) 78.5 (78.0-79.0)

Ethnicity

 White 8968 (89.6) 80.9 (80.7-81.2)

 Non-white 1044 (10.4) 65.8 (64.9-66.7)

Marital status

 Married/cohabit 7435 (74.3) 80.7 (80.4-81.0)

 Single 1640 (16.4) 76.3 (75.7-77.0)

 Divorced/widowed 937 (9.4) 74.0 (73.1-74.9)

Employment grade

 High 2979 (29.8) 86.1 (85.7-86.4)

 Intermediate 4837 (48.3) 81.1 (80.7-81.4)

 Low 2196 (21.9) 66.2 (65.5-66.8)

Smoking habit

 Never-smoker 4966 (49.6) 80.7 (80.4-81.1)

 Ex-smoker 3225 (32.2) 81.3 (80.9-81.7)

 Current smoker 1821 (18.2) 71.8 (71.1-72.4)

Alcohol drinking

 <14 units per week 7338 (73.3) 78.4 (78.2-78.7)

 ≥14 units per week 2674 (26.7) 81.9 (81.5-82.4)

Physical activity

 High 2175 (21.7) 80.9 (80.4-81.4)

 Intermediate 2620 (26.2) 80.9 (80.5-81.4)

 Low 5217 (52.1) 77.9 (77.6-78.3)

a
Response rate = [number of waves responded / number of waves that it was possible to attend while still alive]*100
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