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ABSTRACT 24 

Background 25 

Attrition, the loss of participants as a study progresses, is a considerable challenge in longitudinal 26 

studies. This study examined whether two forms of attrition, “withdrawal” (formal discontinued 27 

participation) and “non-response” (non-response among participants continuing in the study) have 28 

different associations with mortality, and whether these associations differed across time in a multi-29 

wave longitudinal study. 30 

Methods 31 

Participants were 10 012 civil servants who participated at the baseline of the Whitehall II cohort study 32 

with 11 data waves over average follow-up of 28 years. We performed competing-risks analyses to 33 

estimate sub-distribution hazard ratios and 95% confidence intervals, and likelihood ratio tests to 34 

examine whether hazards differed between the two forms of attrition. We then applied linear regression 35 

to examine any trend of hazards against time.  36 

Results 37 

Attrition rate at data collections ranged between 13% and 34%. There were 495 deaths recorded from 38 

cardiovascular disease and 1367 deaths from other causes. Study participants lost due to attrition had 39 

1.55 (95% confidence interval 1.26 to 1.89) and 1.56 (1.39 to 1.76) times higher hazard of 40 

cardiovascular and non-cardiovascular mortality than responders respectively. Hazards for withdrawal 41 

and non-response did not differ for either cardiovascular (p-value = 0.28) or non-cardiovascular 42 

mortality (p-value = 0.38). There was no linear trend in hazards over the 11 waves (cardiovascular 43 

mortality p-value = 0.11, non-cardiovascular mortality p-value = 0.61).  44 

Conclusion 45 

Attrition can be a problem in longitudinal studies resulting in selection bias. Researchers should 46 

examine the possibility of selection bias and consider applying statistical approaches that minimise 47 

this bias.  48 
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  63 

What is already known 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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Introduction 64 

Many long-term cohort studies are affected by gradual attrition due to withdrawal and non-response 65 

(1). One challenge is to ensure that inferences drawn are applicable to the members of the study 66 

population; internal validity (2, 3). If some study participants do not respond and they have 67 

systematically different characteristics from those who do, then estimated effects among the 68 

responders may not pertain to the original study population (4, 5). In this situation, estimation may be 69 

biased, thus undermining external validity or generalisability (2, 3). In addition, ensuring internal and 70 

external validity are important challenges for researchers as response rates in studies have generally 71 

declined over the past four decades, possibly because of increased burden on participants (e.g. increase 72 

in the number of studies, more extensive and time-consuming questionnaires, biological sampling, the 73 

requirements of participants’ consent) (6, 7).  74 

Studies have investigated characteristics of non-responders to understand predictors of non-response, 75 

and potential for bias in results. For instance, those who drop out from studies are more likely to be 76 

men (8-10), be young or old people (11, 12), be single (8, 13), be in a lower employment grade (14, 77 

15), have adverse smoking or alcohol drinking habits (16, 17), have greater cognitive impairment (10, 78 

18), and have worse health (14, 19). Analysis of the Whitehall II study, a large multi-wave cohort 79 

study, has shown differences in characteristics of participants when distinguishing between response, 80 

non-response, or withdrawal - the three categories of “response status” - of a participant (8). 81 

Withdrawers from the study were more likely to have adverse mental health, while non-responders 82 

were less likely to have long-standing illnesses (8). Not only is it important for this study, and others, 83 

to recognise and compensate for those at higher risk being under-represented in participants (20), but 84 

also it is important to address whether there are clear differences in risk by category of attrition, and if 85 

so why.  86 

Population-based studies linked with electronic health records suggest that attrition is associated with 87 

an approximate doubling of the risk of mortality (16, 21, 22). To date, most relevant studies have 88 

employed response status at a single time point (i.e. baseline), with no distinction between withdrawals 89 

and non-responders, or have used patterns of response status over time (21, 23). It is unclear whether 90 
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the association of attrition with higher mortality applies only to non-responders at baseline, or whether 91 

the association persists and applies to all waves. If there were a trend in the risk of mortality in 92 

responders compared to the risk in those lost to attrition even after adjustment for measured factors 93 

such as age, it would be a sign that differences in unmeasured risk factors between responders and 94 

those lost to attrition change wave to wave; hence a sign that sources of bias change wave to wave 95 

(24). Some studies have examined trends in mortality over time by baseline response status, but failed 96 

to consider response status at follow-up (22, 25). Furthermore, it is unknown whether attrition is 97 

associated with increased mortality in CVD, a major cause of death.  98 

Accordingly, this study aims to (i) examine the extent to which response status at each wave is 99 

associated with cardiovascular and non-cardiovascular mortality up to the following wave; (ii) 100 

investigate whether the hazard of mortality differs between two forms of attrition: withdrawal, and 101 

non-response; and (iii) assess whether there is a trend across waves in the association between attrition 102 

and mortality.  103 

 104 

Methods 105 

Study population  106 

The Whitehall II study was established in 1985 to determine the factors which contribute to social 107 

inequalities in health. There were 10 308 participants (men 6895; women 3413, aged 33-55) at entry to 108 

the study (wave 1) who were non-industrial civil servants from 20 Civil Service Departments in 109 

London. The study has had twelve waves of data collection up to 2016. The response rate in each wave 110 

has remained over 65% across all waves separated by three years on average. We included 10 012 111 

participants who responded at baseline and who have no missing values in covariates and mortality 112 

(Figure 1). 113 

Variables 114 

Response status 115 
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The Whitehall II study has conducted both self-administered questionnaires and medical examinations 116 

at odd-numbered waves, and self-administered questionnaires only at even-numbered waves, In our 117 

analysis, for each study participant at each wave, “response” is when the participant either completes 118 

the self-administered questionnaire or attends the medical examinations at a wave. “Withdrawal” is 119 

when the participant officially informs the study research team that they wish to permanently leave the 120 

study, and “non-response” is when the participant (who has not formally withdrawn from the study) 121 

does not respond at a certain wave. Participants who have withdrawn from the study are not contacted 122 

again at future waves whereas non-responders are re-contacted and could participate at later waves. 123 

Non-response is not due to mortality. We term either withdrawal or non-response as “attrition”, and 124 

“response status” as comprising response and attrition. Prior to wave 4 it is not possible to distinguish 125 

withdrawal from non-response due to the way how the data were collected. We therefore conducted 126 

two analyses. In analysis 1, we used all waves from wave 1 in terms of attrition (i.e. withdrawal or 127 

non-response combined) and in Analysis 2 we analysed data from wave 4 onwards, using all three 128 

categories of response status (i.e. withdrawal, non-response, response).  Reasons for withdrawal and 129 

non-response were not available.  130 

Mortality 131 

Cardiovascular disease (CVD) and non-CVD mortality were tracked by the National Health Services 132 

(NHS) central registry. CVD mortality includes coronary heart disease, angina, myocardial infarction 133 

and stroke. Mortality was tracked from wave 1 to August 2017 in 10 292 participants (99.8%), with 134 

mean follow-up of 28.7 years (standard deviation: 5.1 years). We identified CVD mortality based on 135 

International Classification of Disease (ICD)-9 (codes 390-459) and 10 (codes I00 - I99). Non-CVD 136 

mortality includes cancer (ICD-9: 140-239; 10: C00-C97), respiratory mortality (ICD-9: 460-519; 10: 137 

J00-J99) and any other cause not classified as CVD mortality.  138 

Covariates 139 

We adjusted for factors related to sociodemographic characteristics, health risk behaviours, and 140 

general health status to examine whether these could explain the associations between response status 141 
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and mortality. Covariates were available only when response status was “response” and therefore 142 

present for all participants only at wave 1. We measured covariates using standard questionnaire 143 

measures. 144 

Sociodemographic characteristics 145 

Participants’ sex, age in years, ethnicity (white vs. non-white), marital status (married/cohabiting, 146 

single, divorced/widowed) and employment grade are all associated with health (26) and were taken 147 

from the first wave of the study. Information on sex, age, and employment grade at wave 1 was known 148 

for all participants. Missing values in ethnicity and marital status were replaced, where known, with 149 

responses from the wave 5 and wave 2 questionnaire respectively. Employment grade was categorised 150 

as “administrative” (high grade), “professional/executive” (intermediate grade), and “clerical/support” 151 

(low grade).  152 

Health risk behaviours 153 

Health behaviours were taken from participants’ questionnaire responses at wave 1 of the study. 154 

Smoking habit (never-smoker, ex-smoker, and current-smoker), alcohol drinking (<14 units per week 155 

and ≥14 and over units per week), and leisure-time physical activity (high, intermediate, low) were 156 

included. Physical activity was assessed based on answers to questions about the frequency and 157 

duration of participation in moderately energetic (e.g. dancing, cycling, leisurely swimming), and 158 

vigorous physical activity (e.g. running, hard swimming, playing squash). Missing values were 159 

replaced with those from the waves 2 and 3. The cut-off points for alcohol consumption and physical 160 

activity were determined in line with the NHS guideline (27).  161 

General health status 162 

The 36-item Short Form Health Survey (SF-36) physical – Physical Component Score (PCS) - and 163 

mental – Mental Component Score (MCS) - scores were included. PCS is derived from; general health 164 

perceptions (5 items), physical functioning (10 items), role limitations due to physical functioning (4 165 

items), bodily pain (2 items). MCS is derived from; vitality (4 items), general mental health (5 items), 166 

role limitations due to emotional problems (3 items), and social functioning (2 items). Higher scores 167 
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represent better health. PCS and MCS are not available prior to wave 3 and were therefore omitted 168 

from Analysis 1. Analysis 2 treated PCS and MCS from the previous wave as covariates. Missing PCS 169 

and MCS values were replaced using the last known measurement carried forward. We categorised 170 

PCS and MCS using wave- and sex-specific quartiles.  171 

Statistical methods 172 

We calculated participants’ response rate across all waves of the study as the number of waves 173 

responded divided by the number of waves that they could have responded to while still alive (28). Mean 174 

response rates and 95% confidence intervals (CIs) by levels of each covariate were calculated.  175 

We used competing-risks analysis to assess the association of subsequent mortality with the time scale 176 

being study wave, with attrition status (analysis 1) or response status (analysis 2) at each wave as the 177 

exposure. The sub-distribution hazard ratios (SHRs) and 95% CIs of CVD mortality were estimated 178 

using non-CVD mortality as a competing risk. Similarly, those of non-CVD mortality were estimated 179 

with CVD mortality as a competing risk. We included interaction terms between attrition/response 180 

status and sex, age, and employment grade, to assess whether these factors modified associations 181 

between attrition/response status and mortality. We also investigated whether SHRs showed evidence 182 

of trend across waves by regressing point estimates of SHRs against wave. We conducted two analyses 183 

as follows (Figure 1). 184 

Analysis 1: We analysed 10 012 participants, initially for the association of attrition status with CVD 185 

and non-CVD mortality from wave 1 up to August 2017, adjusted for sex and age, and finally 186 

additionally adjusting for marital status, ethnicity, employment grade, smoking, alcohol drinking, and 187 

physical activity.  188 

Analysis 2: In 8791 participants we analysed the association of response status with CVD and non-189 

CVD mortality, from wave 4 up to August 2017, adjusting as in analysis 1 with the addition of PCS 190 

and MCS from the previous wave as time-varying variables. In this analysis, we included participants 191 

who had responses in both PCS and MCS from at least one wave between wave 3 and wave 11. 192 
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Likelihood ratio tests were used to examine whether the estimated risks of mortality differ across the 193 

two forms of attrition by comparing models of attrition status with models of response status. 194 

We conducted sensitivity analyses by repeating analysis 1 using person-years, rather than wave, as the 195 

time scale in the same models as used in the main analysis. 196 

We used the Stata SE version 15.1 for all analyses.  197 

 198 

Results 199 

The total number of participants recruited into the Whitehall II study at wave 1 was 10 308, and their 200 

response status at each wave is given in Table 1. The attrition rate was between one fifth and one third 201 

of eligible study population (those who had not died) at each wave except at waves 3 and 4 when 202 

efforts were made to raise participation. The proportion of deaths attributable to CVD rose, then fell, 203 

as research participants aged. In analysis 1, we included 10 012 participants, who had no missing 204 

values in covariates, CVD, and non-CVD mortality (men; 67.4%). Table 2 shows the participants’ 205 

response rates (the proportion of waves attended) according to the characteristics of study population. 206 

Response rates were higher in men (81.9%) than women (74.0%), and showed a trend across 207 

employment grade, being highest in the highest grade (86.1%) and lowest in the lowest grade (66.2%).  208 

Table 3 shows the association between attrition status and CVD and non-CVD mortality. There were 209 

495 deaths recorded from CVD and 1367 deaths from non-CVD. Compared to responders, participants 210 

with attrition had 1.55 (95% CI 1.26 to 1.89) times the hazard of CVD mortality after adjustment for 211 

sex, age, ethnicity, marital status, employment grade, smoking habit, alcohol drinking, and physical 212 

activity. For non-CVD mortality, the hazard ratio was 1.56 (1.39 to 1.76). The association between 213 

attrition and mortality was not modified by sex, age, or employment grade. Table S1 in the online 214 

supplementary file shows the SHRs and 95% CIs for the association between attrition and CVD and 215 

non-CVD mortality from each wave to the following wave, on average a period of three years. There 216 

was no evidence of trend in point estimates of SHRs across the waves for either CVD mortality (p-217 

value = 0.11) or for non-CVD mortality (p-value = 0.61). Sensitivity analyses using person-years, 218 
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rather than wave, showed the same pattern of results, but with all the SHRs slightly reduced (Table S2, 219 

online supplementary material).  220 

From wave 4 onwards, attrition could be partitioned into non-responders and those who had 221 

completely withdrawn from the study. Among 8791 participants in analysis 2, there were 353 deaths 222 

recorded from CVD and 1056 deaths from other causes. Figure 2 shows the cumulative incidence 223 

function (CIF) for CVD and non-CVD mortality from wave 4 for each response status. For CVD 224 

mortality, the curves of CIF between non-response and withdrawal diverged, whilst for non-CVD 225 

mortality those between non-response and withdrawal were almost parallel. The association of 226 

response status with mortality is shown graphically in the figure 3, and further details of the results are 227 

given in Tables S3, S4, and S5 in the online supplementary material. Likelihood ratio tests showed no 228 

evidence that the differentiation of two types of attrition improved the models for either CVD (p-value 229 

= 0.28) or non-CVD mortality (p-value = 0.38).  230 

 231 

Discussion 232 

The principal findings are that, compared to responders, attrition after baseline is associated with 233 

approximately 1.5 times higher hazard of mortality for both CVD and non-CVD mortality after 234 

adjustment for covariates. There is no difference in the hazard of either CVD or non-CVD mortality 235 

between withdrawal and non-response. In addition, the association of attrition with mortality does not 236 

vary across waves.  237 

Our findings show a slightly weaker association than previous studies, which have reported a doubling 238 

of the hazard of mortality in those with attrition compared to responders (16, 21, 22). This may be 239 

because previous studies categorised response status retrospectively from deaths as an end point, while 240 

we used prospectively measured response status; or because the majority used response status at 241 

baseline only, not during follow-up. It may be explained by the previous findings that non-responders 242 

at baseline had a remarkably higher hazard of mortality than participants in longitudinal studies (16, 243 

21, 22, 25). We found no differences in the hazard between withdrawal and non-response, our null 244 
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hypothesis. A possible explanation is that, among those lost due to attrition, the two distributions of 245 

reasons for attrition, between withdrawals and non-responders, do not differ across the waves. The 246 

associations of response status with CVD mortality were attenuated with adjustment for 247 

sociodemographic factors and health risk behaviours, consistent with the previous studies (8-18, 29-248 

31). Morbidity is also one of the potential predictors of attrition. Some (14, 19, 32), but not all (8) of 249 

the literature has documented that those who have illness are more likely to be lost to follow-up. To 250 

examine this association, we included physical and mental health status using SF-36 from the previous 251 

wave in the model. However, it did not attenuate the association, possibly because it may depend on 252 

the severity of illness, whether illness is acute or chronic, or the existence of psychological illness, 253 

rather than general health status.  254 

The association between response status and subsequent mortality is not causal; however, as our study 255 

shows, response status may predict mortality in later waves. This implies that internal and external 256 

validity of studies may be affected in certain circumstances (4, 33, 34). For example, selection can lead 257 

to collider bias (a bias occurring when two variables independently affect a third variable, and that 258 

third variable is conditioned upon), which can bias estimations (4). Complete case analysis would not 259 

be problematic if it can be assumed that missingness occurs completely at random (34). This is, 260 

however, a strong assumption. When some data are available for those subsequently lost due to 261 

attrition, multiple imputation or inverse probability weighting can be used to reduce, or even remove, 262 

the possible selection bias. Some other alternative approaches have also been discussed (34-37).  263 

We hypothesised that differences in hazards between participants and those lost due to attrition would 264 

change with time. Our study, however, did not support this hypothesis, which suggests that relative 265 

changes of unmeasured risk-factors in responders compared to withdrawers/non-responders were 266 

either absent, or not sufficiently large to influence outcomes.  267 

Our study has limitations. Due to the way in which the data were collected up to wave 4, we were 268 

unable to distinguish withdrawal from non-response in analysis 1. If the magnitude of associations 269 

with mortality differed between withdrawal and non-response up to wave 4, our results in the analysis 270 

2 might not generalise across all waves of the study. Because of the small number of deaths for each 271 
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specific cause, we pooled all non-CVD deaths, which may have resulted in a diluted hazard since 272 

aetiology certainly differs across diseases. Cognitive impairment, a considerable determinant of the 273 

attrition (38), may have a major influence particularly in ageing cohort studies. However, we were 274 

unable to examine associations between cognitive function, attrition, and mortality because cognitive 275 

function was measured only from wave 5, by which time about three-quarters of the total attrition had 276 

already occurred. Although some results from the Whitehall II study could apply to more general 277 

populations (39), it would be interesting to repeat this work in a general population cohort to examine 278 

whether the association of response status with mortality is also reproducible. Further research on 279 

cause-specific mortality, such as subtypes of cancer, is required to estimate the hazard by response 280 

status in longitudinal studies. 281 

In conclusion, these findings suggest that those who are lost due to attrition, no matter when attrition 282 

occurs, have an excess mortality within three to five years. Attrition, therefore, does have the potential 283 

to cause bias in follow-up studies. The response rate could be an indicator of selection bias, however 284 

not always (4, 33). We therefore recommend that researchers report characteristics of those excluded 285 

from the study to allow readers to evaluate the validity of findings, and consider applying statistical 286 

methodologies to minimise bias due to attrition.  287 
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Table 1. Response status and cumulative death (CVD, all-cause) at each wave 

Wave Period Participants 
(responders) 

Attritiona Cumulative 
CVD death (%) d 

Cumulative 
all-cause death Cumulative 

Withdrawal (%)b Non-response (%)b Total (%)c 

1 1985-1988 10 308 - - - -  - 
2 1989-1990 8132 2127 (20.7)e 2127 (20.7) 14 (28.6) 49 
3 1991-1994 8815 1368 (13.4)e 1368 (13.4) 36 (28.8) 125 
4 1995-1996 8628 774 (52.4) 712 (47.6) 1486 (14.7) 59 (30.4) 194 
5 1997-1999 7870 882 (41.3) 1250 (58.7) 2132 (21.3) 95 (31.0) 306 
6 2001 7355 975 (38.7) 1553 (61.3) 2528 (25.6) 132 (31.1) 425 
7 2002-2004 6967 1246 (45.2) 1511 (54.8) 2757 (28.4) 176 (30.1) 584  
8 2006 7173 1310 (55.5) 1051 (44.5) 2361 (24.8) 226 (29.2) 774 
9 2007-2009 6761 1354 (52.2) 1239 (47.8) 2593 (27.7) 271 (28.4) 954 

11f 2012-2013 6308 1389 (53.7) 1197 (46.3) 2586 (29.1) 405 (28.6) 1414 
12 2015-2016 5632 1433 (49.7) 1448 (50.3) 2881 (33.8) 485 (27.0) 1795 

Deaths to August 2017 519 (26.7) 1943 
a Deaths are displayed separately from attrition (non-response or withdrawal) 
b % of each attrition = [withdrawal or non-response / total attrition at each wave] * 100 
c % attrition = [total attrition at each wave / (10308 - cumulative deaths at each wave)] * 100 
d  % CVD death = (CVD death / all-cause death) * 100 
e Only pooled attrition is available at waves 2 and 3 
f Wave 10 was a small pilot study of measures to be included at wave 11, and has not been included here   
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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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Table 3.  Sub-distribution hazard ratios (SHRs) of CVD and Non-CVD mortality from wave 1 to August 2017, by attrition status
a
 (n=10 012) 

   SHR (95% CI) 

   Adjusted for 
Outcome Attrition status No. deaths Sex and Age  All factorsb 

        
CVD mortality  495      
 Response 312 ref.  ref. 
 Withdrawal/Non-response 183 1.86 (1.53-2.24)  1.55 (1.26-1.89) 

        
Non-CVD mortality  1367      

 Response 873 ref.  ref. 
 Withdrawal/Non-response 494 1.62 (1.45-1.82)  1.56 (1.39-1.76) 
        

a Attrition status is time dependent and varies at each wave of the study  
b Adjusted for sex, age, ethnicity, marital status, employment grade, smoking habit, alcohol drinking, and physical activity 
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Figure 1. Flow chart of participants’ recruitment 

 

Figure 2. Cumulative incidence function of CVD and Non-CVD mortality by response status (left; CVD mortality, right; non-CVD mortality) 

 

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 S1. Association of attrition status at each wave with CVD and Non-CVD mortality up to the subsequent 
wave. (Analysis 1) 
 
 

   CVD mortality  Non-CVD mortality 
Wave Response status No. alive No. deaths SHR (95% CI)a  No. deaths SHR (95% CI)a 

        
1 Responders 10 012 12 -  29 - 
        
2 Responders 8024 12 ref.  35 ref. 
 Withdrawal/Non-response 1947 9 3.39 (1.35-8.53)  18 2.18 (1.24-3.84) 
        
3 Responders 8647 20 ref.  38 ref. 
 Withdrawal/Non-response 1250 3 1.30 (0.38-4.40)  5 0.89 (0.35-2.26) 
        
4 Responders 8462 25 ref.  57 ref. 
 Withdrawal/Non-response 1369 9 2.38 (1.11-5.11)  15 1.53 (0.85-2.73) 
        
5 Responders 7723 23 ref.  51 ref. 
 Withdrawal/Non-response 2002 9 1.65 (0.75-3.63)  24 1.86 (1.14-3.04) 
        
6 Responders 7231 28 ref.  69 ref. 
 Withdrawal/Non-response 2387 15 1.59 (0.84-3.01)  41 1.77 (1.21-2.61) 
        
7 Responders 6855 27 ref.  77 ref. 
 Withdrawal/Non-response 2610 22 2.29 (1.29-4.07)  62 2.00 (1.43-2.80) 
        
8 Responders 7054 28 ref.  92 ref. 
 Withdrawal/Non-response 2223 16 1.74 (0.95-3.18)  38 1.27 (0.87-1.85) 
        
9 Responders 6655 73 ref.  183 ref. 
 Withdrawal/Non-response 2448 55 1.99 (1.40-2.84)  133 1.88 (1.51-2.34) 
        

11 Responders 6213 43 ref.  178 ref. 
 Withdrawal/Non-response 2446 36 1.84 (1.15-2.93)  112 1.47 (1.17-1.85) 
        

12b Responders 5551 21 ref.  64 ref. 
 Withdrawal/Non-response 2739 9 0.84 (0.38-1.86)  46 1.27 (0.86-1.86) 

        
P-value for linearity   P=0.11   P=0.61 

a Adjusted for sex and age 
b Mortality follow-up from wave 12 is up to August 2017 
  



Table S2.  Sub-distribution hazard ratios (SHRs) of CVD and Non-CVD mortality from wave 1 to August 2017, by attrition statusa in 10 012 participants 
(person years as time-scale) 

   SHR (95% CI) 
   Adjusted for 

Outcome Attrition status No. deaths Sex and Age  All factorsb 
        

CVD mortality  495      
 Response 312 ref.  ref. 
 Withdrawal/Non-response 183 1.76 (1.45-2.13)  1.46 (1.20-1.79) 

        
Non-CVD mortality  1367      

 Response 873 ref.  ref. 
 Withdrawal/Non-response 494 1.54 (1.38-1.73)  1.48 (1.32-1.67) 
        

a Attrition status is time dependent and varies at each wave of the study  
b Adjusted for sex, age, ethnicity, marital status, employment grade, smoking habit, alcohol drinking, and physical activity 



Table S3.  Sub-distribution hazard ratios (SHRs) and 95% confidence interval (CIs) of CVD and non-CVD mortality by response status from wave 4 to 
August 2017 in 8791 participants (Analysis 2) 

a P-value of Likelihood Ratio Test between the model with attrition status (response and withdrawal/non-response) and response status (response, withdrawal, non-response) 
b Additionally adjusted for ethnicity, marital status, employment grade, smoking habit, alcohol drinking, and physical activity  
c Additionally adjusted for PCS and MCS from each wave 

 

  

   SHR (95% CI) 
   Adjusted for 

Outcome Response 
status No. Deaths Sex and Age p-valuea 

+Demography and 
health risk behavioursb p-valuea +General health statusc p-valuea 

           
CVD mortality  353         
 Response 258 ref.  ref.  ref.  
 Withdrawal 33 1.28 (0.89-1.84) 0.102 1.14 (0.79-1.65) 0.218 1.21 (0.84-1.75) 0.284  Non-response 62 1.82 (1.37-2.41) 1.49 (1.10-2.01) 1.53 (1.13-2.06) 
            
            
Non-CVD mortality  1056          
 Response 748 ref.  ref.  ref.  
 Withdrawal 136 1.75 (1.46-2.11) 0.617 1.72 (1.43-2.08) 0.593 1.77 (1.47-2.13) 0.377  Non-response 172 1.65 (1.40-1.95) 1.62 (1.36-1.92) 1.59 (1.34-1.89) 
            



Table S4. SHRs and 95% CIs of CVD mortality in three models (Analysis 2) 

 
  

      Adjusted for    
Sex and age  + Demography and 

health behaviours 
 + Health status 

  
n=8791 SHR 95% CI  SHR 95% CI  SHR 95% CI 

Response status 
          

Response ref.  ref.  ref.  
Withdrawal 1.28 (0.89-1.84) 1.14 (0.79-1.65) 1.21 (0.84-1.75)  
Non-response 1.82 (1.37-2.41) 1.49 (1.10-2.01) 1.53 (1.13-2.06) 

Sex 
           
Men 

 
ref.  ref.  ref.  

Women 
 

0.78 (0.62-0.98) 0.57 (0.43-0.75) 0.54 (0.40-0.71) 
Age in years 

          
39 and below ref.  ref.  ref.  
40 - 44 

 
1.58 (1.01-2.47) 1.59 (1.01-2.49) 1.50 (0.95-2.36)  

45 - 49 
 

3.29 (2.17-5.00) 3.20 (2.09-4.88) 2.79 (1.83-4.25)  
50 and over 7.33 (5.03-10.66) 7.20 (4.92-10.54) 6.02 (4.12-8.81) 

Ethnicity 
          

White 
    ref.  ref.  

Non-white    1.49 (1.08-2.05) 1.42 (1.02-1.96) 
Marital status 

          
Married/cohabit    ref.  ref.  
Single 

    1.46   (1.10-1.92)  1.47 (1.12-1.95)  
Divorced/widowed    0.96     (0.67-1.39) 0.95 (0.66-1.37) 

Employment grade 
          

High 
    ref.  ref.  

Intermediate    1.07   (0.82-1.40)  1.05 (0.81-1.38)  
Low 

    1.50     (1.05-2.14) 1.47 (1.03-2.11) 
Smoking habit 

          
Never-smoker    ref.  ref.  
Ex-smoker    1.11 (0.87-1.42) 1.10 (0.86-1.41)  
Current smoker    1.62 (1.23-2.14) 1.54 (1.17-2.03) 

Alcohol drinking 
          

<14 units per week    ref.  ref.  
≥14 units per week    0.90     (0.69-1.16)  0.90 (0.70-1.16) 

Physical activity 
          

High 
    ref.  ref.  

Intermediate    0.97      (0.69-1.36) 0.95 (0.68-1.34)  
Low 

    1.34      (1.00-1.78)  1.31 (0.98-1.74) 
SF-36: PCS 

          
Q4 (best)       ref.  
Q3 

       1.61 (1.01-2.35)  
Q2 

       1.42 (0.97-2.09)  
Q1 (worst)       2.39 (1.68-3.40) 

SF-36: MCS 
          

Q4 (best)       ref.  
Q3 

       0.84 (0.63-1.11)  
Q2 

       0.72 (0.53-0.96) 
  Q1 (worst)       0.74 (0.56-0.98) 



Table S5. SHRs and 95% CIs of non-CVD mortality in three models (Analysis 2) 
 

   Adjusted for    
Sex and age  + Demography and 

health behaviours 
 + Health status 

  
n=8791 SHR 95% CI  SHR 95% CI  SHR 95% CI 

Response status 
          

Response ref.  ref.  ref.  
Withdrawal 1.75 (1.46-2.11) 1.72  (1.43-2.08)  1.77 (1.47-2.13)  
Non-response 1.65 (1.40-1.95) 1.62  (1.36-1.92) 1.59 (1.34-1.89) 

Sex 
           
Men 

 
ref.  ref.  ref.  

Women 
 

0.94 (0.83-1.07) 0.95  (0.81-1.11) 0.90 (0.76-1.05) 
Age in years 

          
39 and below ref.  ref.  ref.  
40 - 44 

 
1.30 (1.04-1.63) 1.30  (1.04-1.64) 1.29 (1.03-1.63)  

45 - 49 
 

2.25 (1.82-2.79) 2.33  (1.88-2.89)  2.22 (1.78-2.77)  
50 and over 4.56 (3.78-5.50) 4.76  (3.93-5.77) 4.45 (3.65-5.42) 

Ethnicity 
          

White 
    ref.  ref.  

Non-white    0.75 (0.60-0.94)  0.69 (0.55-0.87) 
Marital status 

          
Married/cohabit    ref.  ref.  
Single 

    1.00 (0.84-1.20)  0.97 (0.82-1.16)  
Divorced/widowed    1.05   (0.86-1.28) 1.02 (0.84-1.24) 

Employment grade          
High 

    ref.  ref.  
Intermediate    1.02    (0.88-1.17) 0.99 (0.86-1.15)  
Low 

    0.89    (0.73-1.09) 0.83 (0.68-1.02) 
Smoking habit 

          
Never-smoker    ref.  ref.  
Ex-smoker    1.09    (0.94-1.25) 1.06 (0.92-1.22)  
Current smoker    2.04    (1.75-2.37) 1.91 (1.64-2.23) 

Alcohol drinking 
          

<14 units per week    ref.  ref.  
≥14 units per week    1.10    (0.96-1.26) 1.10 (0.96-1.26) 

Physical activity 
          

High 
    ref.  ref.  

Intermediate    0.81    (0.68-0.97) 0.80 (0.67-0.96)  
Low 

    0.96    (0.83-1.12) 0.92 (0.79-1.07) 
SF-36: PCS 

          
Q4 (best) 

       ref.  
Q3 

       1.20 (0.97-1.49)  
Q2 

       1.42 (1.16-1.74)  
Q1 (worst) 

       2.04 (1.69-2.46) 
SF-36: MCS 

          
Q4 (best) 

       ref.  
Q3 

       1.01 (0.85-1.20)  
Q2 

       1.18 (0.99-1.39)  
Q1 (worst) 

       1.32 (1.12-1.56) 
 


