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ABSTRACT 

 

Background. Reduced lung function is an established predictor of all-cause mortality. We 

sought to verify this among lifelong non-smokers from large UK national surveys. 

Methods. In UK Biobank, among 149,343 white never-smokers aged 40–69 years at entry, 

2401 deaths occurred over a mean 6·5 years follow-up. In the Health Surveys for England 

(HSE) 1995, 1996, 2001 and Scottish Health Surveys (SHS) 1998 and 2003 combined there 

were 500 deaths among 6579 white never-smokers aged 40–69 at entry, followed for a mean 

14·3 years. Standard deviation (z) scores for forced expiratory volume in the first second 

(FEV1) and forced vital capacity (FVC) were related to deaths from all causes, circulatory 

disease and cancers using proportional hazards models adjusted for age, sex, height, socio-

economic status, region and survey. 

Results. In the HSE-SHS dataset, decreasing z-scores for FEV1 and FVC were each 

associated to a similar degree with increased all-cause mortality (hazard ratios per SD 

decrement 1·17, 95%CI 1·09–1·25 for zFEV1 and 1·19, 1·10–1·28 for zFVC). This was 

replicated in Biobank (HRs per SD 1·21, 1·17–1·26 and 1·24, 1·19–1·29, respectively). In 

HSE-SHS, zFEV1 and zFVC were also associated to similar degrees with mortality from 

circulatory diseases. These associations were stronger in Biobank. For cancer mortality, the 

hazard ratios were more consistent between the cohorts. Spirometric indices predicted 

mortality at least as strongly as systolic blood pressure and body mass index. 

Conclusions. These results emphasise the importance of promoting lung health in the general 

population, even among lifelong non-smokers.   
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ARTICLE SUMMARY 

 

Strengths and limitations of this study 

• This study is one of the largest studies in the world showing the effect of lung 

function on mortality in lifelong non-smokers, made possible by the recent 

availability of data from UK Biobank. 

• Results from Biobank are corroborated by findings from health surveys in England 

and Scotland, which are more representative of the national population and have been 

followed over a longer period for mortality outcome. 

• Both data sources show that better lung function predicts greater survival from a 

range of causes at least as strongly as systolic blood pressure and body mass index, 

emphasising the potential importance of promoting lung health in the general 

population, even in those who have never smoked. 

• This analysis was restricted to fatal outcomes but the recent linkage of hospital 

admissions and primary care consultations to the UK Biobank cohort will allow 

associations of reduced lung function with incidence and case-fatality to be 

investigated in future. 

 

 

140 character conclusion from the manuscript for Twitter feed  

Lung health is important, even among lifelong non-smokers. Blowing tests predict survival 

chances as strongly as blood pressure and obesity.   
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INTRODUCTION 

Four decades of epidemiological research have consistently shown that reduced levels of 

ventilatory function, measured as one-second forced expiratory volume (FEV1) or forced 

vital capacity (FVC) are associated with shorter survival in the general population.
1-7 

 Few 

studies have reported specifically on lifelong non-smokers,
3,4

 a group who form the minority 

of most populations surveyed hitherto, but are set to become more common in future as 

smoking becomes less prevalent in higher income countries. 

In this report, we compare the relationship of lung function measures (FEV1 and FVC) to 

subsequent mortality in UK Biobank and in the Health Surveys for England and Scottish 

Health Surveys. Biobank is the largest spirometric study ever performed in the UK and 

included a relatively high proportion of never-smokers. The national health surveys, although 

based on smaller numbers of subjects, recruited a wider age range, have a longer period of 

follow-up, higher response rates and are more representative of the general UK population 

than Biobank. The two sources are therefore complementary, in terms of precision and 

generalisability. 

This paper focuses upon findings for white lifelong non-smokers. Corresponding results for 

white former smokers and current smokers are included in the online supplement for 

completeness. 

 

METHODS 

Health Surveys for England and Scottish Health Surveys 

Results were combined from the Health Surveys for England 1995, 1996 and 2001,
8-10

 and 

the Scottish Health Surveys 1998 and 2003,
11-12

 the years when spirometry was included in 

the protocol. These surveys aimed to recruit a representative sample of British adults through 
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household sampling within selected parliamentary constituencies throughout England or 

Scotland. Participants were visited at home. Response rates ranged from 60% to 76% across 

the five surveys. The proportion of those visited who performed usable spirometry ranged 

from 63% to 84%. 

Spirometry was performed using hand-held pneumotachograph spirometers (Vitalograph 

Escort) with the best results of FEV1 and FVC recorded from three technically satisfactory 

blows. No flow-volume curves or reproducibility criteria were available for assessment. 

Valid lung function measurements were available for 6,579 lifelong non-smokers aged 40-69 

years and 1,429 aged 70 or more at the start of follow-up. 

Deaths occurring up to April 2013 were available for analysis in the Health Surveys for 

England,
13

 and deaths up to December 2011 were linked in the Scottish Health Surveys.
14

 

Combining all five surveys, there were 500 deaths among never-smokers aged 40-69 at 

recruitment over a mean follow-up period of 14·3 years. Deaths from respiratory disease, 

circulatory disease, cancer and all other causes were coded using ICD9 (460-519, 390-459, 

140-208, all others, respectively) and ICD10 (chapters J, I, C, all others, respectively). 

Smoking history was self-reported. Socio-economic status was measured at the level of the 

household, based on the social class of the head of the household. Nation (England or 

Scotland), region (within England) and survey year were included as additional covariates. 

 

UK Biobank 

This study recruited 502,682 volunteers aged 40-69 years in 22 recruitment centres 

throughout England, Wales and Scotland during 2006-2010, following invitations to 9 

million people.
15

 Spirometry was performed using a hand-held pneumotachograph spirometer 

(Pneumotrac 6800) from which volume-time arrays were stored for each blow.
16
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81% of the cohort performed two blows with acceptable start and measures of FEV1 

reproducible within 250mL. This was considered the most inclusive sample of “usable 

spirograms”. When end-blow quality was also considered, 58% of the cohort had evidence of 

a good plateau and both FEV1 and FVC reproducible within 150mL, the criteria 

recommended by the ATS/ERS Task Force on Standardisation of Spirometry.
17

 This 

subgroup of 58% was considered to be the “best quality” spirograms, among which to 

evaluate the relative importance of FEV1 and FVC as predictors of mortality. 

The present analysis is based on deaths occurring up to mid-August 2015, a mean follow-up 

period of 6·5 years. There were 2,401 deaths among 149,343 lifelong non-smokers aged 40-

69 of white ethnicity who performed “usable spirograms”.  Deaths from respiratory disease, 

circulatory disease, cancer and all other causes were coded using ICD10 (chapters J, I, C, all 

others, respectively). 

Smoking history was self-reported. Socio-economic status was measured at the level of 

residential area, using the Townsend deprivation index, grouped into quartiles for analysis. 

Biobank recruitment centre was used as an additional covariate to adjust for possible regional 

differences. 

 

Adjustment of spirometric measures for gender, age and height 

The Global Lung Initiative (GLI) 2012 reference equations for white ethnic groups
18

 were 

used in both sets of data to standardise FEV1 and FVC for age, sex and height. The GLI 

equations generate a “z-score” which represents the relative position of an individual among 

the distribution predicted for lifelong non-smokers with no history of lung disease of the 

same gender, age and height. This allows for the spread of predicted values to differ by age, 

height and gender, expressing the relative ranking of an individual in terms of a standard 
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deviation (z) score. For each individual in the analysis, there were three z-scores, 

corresponding to their relative ranking for FEV1 (zFEV1), FVC (zFVC) and the ratio 

FEV1/FVC (zFEVFVC). Outlying observations were excluded by restricting all the analyses 

in both datasets to values of zFEV1 and zFVC within the range -5 to +5 SD units. 

 

Modelling of mortality 

The relationship of spirometric indices to subsequent mortality was modelled by proportional 

hazards (Cox) regression, which estimates the relative increase in mortality rate (hazard ratio) 

for a unit change in each explanatory variable. The z-scores are expressed on a standard 

deviation scale, so hazard ratios for zFEV1 and zFVC are expressed per SD decrement (ie. an 

increase in risk for a decrease in lung function). A typical range of z-scores among lifelong 

non-smokers would be 4SD units. A hazard ratio of 1·2 per SD decrement corresponds 

approximately to a twofold difference in mortality rate across the 4SD range. 

Due to the high correlation between zFEV1 and zFVC, we modelled the effect of zFEV1 both 

alone and jointly with zFEVFVC; and similarly for zFVC.  

All proportional hazards models were restricted to white participants and adjusted for sex, 

age, standing height, socio-economic status and region. Analyses of the national health 

surveys were additionally adjusted for survey year.  
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RESULTS 

All-cause mortality 

Table 1 compares the hazard ratios for age-sex-height-adjusted FEV1 and FVC in relation to 

all-cause mortality in the combined Health Survey for England (HSE) and Scottish Health 

Surveys (SHS) dataset, and UK Biobank (UKB), among participants aged 40-69 years at 

entry. All “usable spirograms” from Biobank were included in this comparison, because no 

additional quality control had been applied in the national health surveys 1995-2003.
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Table 1 All-cause mortality in white lifelong non-smokers aged 40-69 at entry in national health surveys (HSE and SHS)  

and in UK Biobank 

 

  HSE-SHS white lifelong non-smokers, 40-69 at entry  Biobank white lifelong non-smokers, 40-69 at entry 

        
Timing of death Cause of death Total N  (deaths) zFEV1 HR(95%CI) zFVC HR(95%CI) Total N  (deaths) zFEV1 HR(95%CI) zFVC HR(95%CI) 

        

        

Any time All causes 6579   (500) 1.17   (1.09-1.25) 1.19   (1.10-1.28) 149343   (2401) 1.21   (1.17-1.26) 1.24   (1.19-1.29) 

        

        
Within 5 years All causes 6579   (103) 1.35   (1.17-1.56) 1.35   (1.16-1.57) 149343   (1599) 1.23   (1.17-1.28) 1.26   (1.20-1.32) 

        

After 5 years All causes 6476   (397) 1.12   (1.03-1.21) 1.14   (1.05-1.24) 147744   (802) 1.18   (1.11-1.26) 1.21   (1.13-1.29) 

        

        

Any time Respiratory 6579   (34) 1.72   (1.34-2.21) 1.61   (1.25-2.08) 149343   (69) 1.86   (1.53-2.27) 2.15   (1.77-2.61) 

        

Any time Circulatory 6579   (130) 1.21   (1.06-1.38) 1.22   (1.06-1.40) 149343   (431) 1.41   (1.30-1.53) 1.47   (1.35-1.60) 

        
Any time Cancer 6579   (241) 1.10   (1.00-1.22) 1.12   (1.01-1.24) 149343   (1535) 1.08   (1.03-1.13) 1.10   (1.05-1.15) 

        

Any time Other non- 6579   (105) 1.15   (0.98-1.34) 1.20   (1.03-1.41) 149343   (366) 1.46   (1.33-1.59) 1.45   (1.32-1.59) 
 respiratory       

 

 

Spirometric indices (FEV1 and FVC) are modelled as z-scores derived from the Global Lung Initiative 2012 reference equations for whites. 

All hazard ratios are expressed per SD decrement in z-score, adjusted for age, sex, height, socio-economic status, geographical region and survey year. 
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When each spirometric index was modelled singly, all associations were highly statistically 

significant (p<0·0001). Among lifelong non-smokers in both cohorts, FEV1 and FVC 

displayed similar strengths of association with all-cause mortality. Among current smokers, 

however, FEV1 was the stronger predictor in both datasets (Supplementary e-Tables 1 and 2).  

Table 1 also shows the most direct comparison between the two datasets, based on all-cause 

mortality within 5 years. Although the associations of spirometric indices with these earlier 

deaths were stronger in HSE-SHS than in UKB, the difference between the cohorts was not 

statistically significant. Associations with deaths after 5 years are less comparable between 

the datasets, due to the shorter period of follow-up in UKB. 

Stronger associations of FEV1 and FVC with earlier deaths than with later mortality from all 

causes were also evident among former smokers and current smokers, although the 

differences were more marked in HSE-SHS than in UKB (e-Tables 1 and 2).  

 

Influence of spirogram quality 

Table 2 presents the results for all causes of death among Biobank participants with “best 

quality” spirograms, for comparison with those obtained from the full set of “usable 

spirograms”. The pattern and magnitude of the results among the former subset are very 

similar to the overall UKB results. 
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Table 2 Comparison of mutually adjusted spirometric indices to predict all-cause mortality in national health surveys  

(all spirograms) and in UK Biobank (comparing all usable spirograms with best quality spirograms) 

 

  HSE-SHS white lifelong non-smokers, 40-69 at entry  Biobank white lifelong non-smokers, 40-69 at entry 
Subset z-score in model       

analysed (plus covariates) Total N  (deaths) HR(95%CI) alone HR (95%CI) joint Total N  (deaths) HR(95%CI) alone HR (95%CI) joint 

        

        

All usable FEV1 alone 6579   (500) 1.17   (1.09-1.25)  149343   (2401) 1.21   (1.17-1.26)  

spirograms FEV1 adj FEV/FVC   1.20   (1.11-1.29)   1.26   (1.21-1.31) 
 FEV/FVC adj FEV1   0.94   (0.87-1.01)   0.90   (0.85-0.94) 

        

All usable FVC alone 6579   (500) 1.19   (1.10-1.28)  149343   (2401) 1.24   (1.19-1.29)  
spirograms FVC adj FEV/FVC   1.19   (1.11-1.28)   1.24   (1.19-1.29) 

 FEV/FVC adj FVC   1.02   (0.95-1.10)   1.02   (0.97-1.07) 

        
        

Best quality FEV1 alone  (No data)  102945   (1583) 1.23   (1.18-1.29)  

spirograms FEV1 adj FEV/FVC      1.29   (1.23-1.36) 

 FEV/FVC adj FEV1      0.86   (0.81-0.91) 

        

Best quality FVC alone  (No data)  102945   (1583) 1.29   (1.23-1.35)  

spirograms FVC adj FEV/FVC      1.29   (1.23-1.35) 

 FEV/FVC adj FVC      0.98   (0.93-1.04) 

 

 
Spirometric indices (FEV1, FVC and FEV1/FVC ratio) are modelled as z-scores derived from the Global Lung Initiative 2012 reference equations for whites. 

All hazard ratios are expressed per SD decrement in z-score, adjusted for age, sex, height, socio-economic status, geographical region and survey year. 
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The covariate-adjusted hazard ratios for all-cause mortality comparing the “best quality” 

group to the remainder were: 0·94 (95%CI 0·86–1·02) among lifelong non-smokers, HR 1·02 

(0·96–1·09) among former smokers and HR 0·94 (0·85–1·04) among current smokers. None 

of these hazard ratios are statistically significant, despite very large numbers of subjects 

included each comparison.  

 

Choice of spirometric index 

Among lifelong non-smokers, adding FEV1/FVC ratio to a model including FVC did not 

contribute additional information, whereas adding FEV1/FVC ratio to a model including 

FEV1 did improve the fit of the model significantly (Table 2). This pattern was evident in 

both HSE-SHS and UKB, and among the subset of UKB participants with “best quality” 

spirograms.  

 

Cause-specific mortality 

Table 1 also presents the association of spirometric indices (modelled singly) with 

respiratory, circulatory, cancer and other causes of death. The strength of association with 

FEV1 and FVC was greatest for respiratory mortality and weakest for cancer deaths. This 

applied in both datasets, but the hazard ratios for respiratory, circulatory and other causes of 

death were substantially greater in UKB than in HSE-SHS. The results in the two cohorts are 

more similar for cancer mortality. 

Within UKB, results for cause-specific mortality were generally consistent between the 

“best” subgroup and the fuller dataset (e-Table 3). FVC emerged as the more influential 
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predictor of non-respiratory mortality and this was confirmed in the subset with good quality 

spirometry. The same pattern also applied to respiratory mortality among never-smokers 

(Table 1) although these results should be interpreted with caution due to the small number of 

respiratory deaths among lifelong non-smokers, particularly among those with good quality 

spirograms (e-Table 3). 

 

Comparisons by subgroups of age and sex 

Supplementary e-Table 2 shows that within UK Biobank there were slightly stronger 

associations of mortality with both FEV1 and FVC among male never-smokers, and among 

female current smokers, but the general pattern of results was similar in both sexes. 

Supplementary e-Table 2 also compares the results for all-cause mortality among younger 

(aged 40-59) and older (aged 60-69) UKB participants. The hazard ratios in all smoking 

groups were consistent between these two age subgroups. 

Supplementary e-Table 4 compares the spirometric associations with all-cause and cause-

specific mortality among HSE and SHS participants aged 40-69 and 70 or more at entry. 

Again, the pattern of results was consistent between these age groups in all smoking 

subgroups. 

 

Comparisons by prior disease history in UK Biobank 

Table 3 compares the spirometric associations with all-cause mortality in Biobank 

participants with and without a history of respiratory disease at the baseline spirometric 

examination. 
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Table 3       Comparison of spirometric prediction of mortality among subjects with and without prior disease history at entry 

      in UK Biobank 
 

  Biobank age 40-69, white lifelong non-smokers  

without a history of the condition at entry 

Biobank age 40-69, white lifelong non-smokers 

with a history of the condition at entry 
        

Condition at entry Cause of death Total N  (deaths) zFEV1 HR(95%CI) zFVC HR(95%CI) Total N  (deaths) zFEV1 HR(95%CI) zFVC HR(95%CI) 

        

        

Respiratory All causes 130798   (2081) 1.21   (1.16-1.26) 1.22   (1.17-1.27) 18545   (320) 1.23   (1.12-1.35) 1.33   (1.21-1.47) 
disease        

        

Circulatory Circulatory 109141   (189) 1.40   (1.23-1.59) 1.40   (1.23-1.60) 40202   (242) 1.35   (1.20-1.51) 1.43   (1.27-1.60) 
disease disease       

        
Cancer Cancer 137742   (978) 1.05   (0.99-1.11) 1.06   (1.00-1.12) 11601   (557) 1.10   (1.02-1.18) 1.13   (1.04-1.22) 

        

 

Spirometric indices (FEV1 and FVC) are modelled as z-scores derived from the Global Lung Initiative 2012 reference equations for whites. 

All hazard ratios are expressed per SD decrement in z-score, adjusted for age, sex, height, socio-economic status and geographical region (recruitment centre). 
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In the 18,545 (12%) white never-smokers with “usable spirograms” who had a history of 

diagnosed respiratory disease (of which 90% reported asthma), FVC was a stronger predictor 

of all-cause mortality than FEV1. Among the subgroup without a respiratory history, results 

were similar to the full cohort.  

Lung function also emerged as a significant predictor of circulatory mortality among those 

with and without a prior history of heart attack, angina, stroke, thrombosis or hypertension 

(Table 3). This pattern was confirmed among former smokers and current smokers (e-Table 

5). 

Finally, the association of FEV1 and FVC with cancer mortality was shown to be stronger in 

those with a prior cancer diagnosis (Table 3), though was not statistically significant, despite 

the large sample size, among those with no cancer history at the spirometric examination. 

However, this finding is confined to the lifelong non-smokers: both FEV1 and FVC were 

more strongly and significantly associated with cancer death among former smokers and 

current smokers with no cancer history (e-Table 5).  Cancer mortality among participants 

with a history of cancer at entry was strongly and significantly associated with both FEV1 

and FVC in all three smoking subgroups (e-Table 5).  

 

Comparison of spirometry with other predictors of mortality 

Figure 1 (data in e-Table 6) compares the relative mortality across quartiles of body mass 

index, systolic blood pressure and FVC z-score, for all non-respiratory deaths and for deaths 

from circulatory disease, among white lifelong non-smokers in HSE-SHS and in UK 

Biobank. A similar pattern emerged in both cohorts, with differentials in mortality across 
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quartiles of zFVC being at least as great as those across quartiles of body mass index or 

systolic blood pressure. 

 

DISCUSSION 

A broadly coherent picture emerges from this comparison of UK national cohorts. Lung 

function, even if measured imperfectly, consistently predicts non-respiratory mortality from a 

range of causes. This applies even among lifelong non-smokers, so confounding by the 

amount or duration of active smoking is not the sole explanation. 

Previous studies of lifelong non-smokers have been of limited size: 662 males and 2048 

females in the Copenhagen City Heart Study,
3
 and 3562 male London civil servants in the 

Whitehall Study.
4
 UK Biobank offers a spirometric study of lifelong non-smokers of 

unprecedented size, but its 5·5% participation rate may have compromised its 

generalisability. Assembling data from five UK national health surveys produced a cohort 

larger than the previous publications
3,4

 in which the generalisability of Biobank results could 

be tested. The similar pattern of results in HSE-SHS and UKB suggests that the key findings 

are generalisable.  

An analysis of the Athersclerosis Risk in Communities (ARIC) cohort
7
 suggested that FVC 

should be considered as a more predictive spirometric index than FEV1. However, this 

conclusion was drawn from a cohort of mixed smoking habits. In our study of lifelong non-

smokers, we confirmed that FVC (rather than FEV1) is the index of greater importance in 

determining survival in middle-aged never-smokers. However, among current smokers, 

FEV1 emerged as the more influential predictor. This may be because the FEV1/FVC ratio 

declines with both the dose and duration of smoking, and these also increase mortality risk. 
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The ability to perform good quality spirometry is an integrated assessment of physical and 

cognitive function and therefore might be considered a predictor of mortality in its own right. 

In the US Six Cities study, excessively variable spirometric performance was an indicator of 

poor health and associated with shorter survival.
19

 In contrast, the mortality experience of 

Biobank participants who produced “best quality” spirograms did not differ greatly from that 

of their peers who produced “usable” but not “best quality” blows.  

In clinical practice, particularly in primary care, quality control of spirometry is unlikely to be 

much better than in the national health surveys where lung function was tested by a trained 

research nurse in the home setting. Therefore, while the results from the Biobank “best 

quality” subgroup are of confirmatory interest, the more inclusive results for all “usable 

spirograms” may be more generally relevant.  

This analysis was restricted to fatal outcomes and therefore cannot distinguish between an 

influence of reduced ventilatory function on disease incidence and an effect on case-fatality. 

The association with cancer mortality was weaker among those with no cancer diagnosis at 

entry, suggesting an effect primarily on case-fatality. In contrast, the association of 

spirometric indices with circulatory mortality was equally strong in those with and without a 

prior history of circulatory disease. The recent linkage of hospital admissions and primary 

care consultations to the UK Biobank cohort will allow associations with incidence and case-

fatality to be investigated more directly in future. 

In both cohorts, age-sex-height-adjusted lung function emerged as a stronger predictor of 

non-respiratory mortality than either systolic blood pressure or body mass index, which are, 

respectively, the 2nd and 6th most influential causes worldwide of loss of healthy lifespan, as 

measured by disability-adjusted life-years.
20

  It is therefore puzzling to find U-shaped or J-

shaped relationships of these two cardiovascular risk factors with non-respiratory mortality, 
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but the similar patterns of results in Biobank and the national health surveys suggests that this 

is not a unique feature of either of these British cohorts. 

Specifically for circulatory disease mortality, FEV1 and FVC were as strongly predictive as 

body mass index, and more strongly predictive than systolic blood pressure. Therefore, 

spirometry may deserve consideration as an addition to cardiovascular risk scoring 

algorithms in future. More generally, however, these results emphasise the potential 

importance of promoting and protecting lung health in the general population, even among 

lifelong non-smokers with no history of respiratory disease.   
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Figure 1 title 

Hazard ratios for death from all non-respiratory causes, and from circulatory diseases, by 

quartile of age-sex-height-adjusted forced vital capacity (zFVC), systolic blood pressure 

(SBP) and body mass index (BMI) among white lifelong non-smokers aged 40-69 at entry in 

national health surveys (HSE and SHS) and in UK Biobank 

 

 

Figure 1 footnote 

Hazard ratios are adjusted for age, sex, height, socio-economic status, region and survey year. 

The reference category (HR=1) is the highest quartile (Q4) for zFVC and the lowest quartile 

(Q1) for SBP and BMI. 

 

 

Figure 1 data 

Included in supplementary e-Table 6 
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e-Table 1  Relationship of spirometric indices to mortality before and after 5 years among younger and older subjects, by smoking habit, 

in the Health Surveys for England and Scottish Health Surveys 

 
 

  HSE-SHS age 40-69 at entry, white ethnicity HSE-SHS age 70+ at entry, white ethnicity 
        

Timing of death Smoking history Total N  (deaths) zFEV1 HR (95%CI) zFVC HR (95%CI) Total N  (deaths) zFEV1 HR (95%CI) zFVC HR (95%CI) 

        

All deaths Never smokers 6579   (500) 1.17   (1.09-1.25) 1.19   (1.10-1.28) 1429   (783) 1.24   (1.17-1.32) 1.22   (1.15-1.29) 

 Former smokers 9403   (1212) 1.33   (1.28-1.39) 1.31   (1.25-1.37) 3083   (1883) 1.23   (1.19-1.28) 1.20   (1.16-1.25) 
 Current smokers 6640   (1271) 1.30   (1.24-1.35) 1.20   (1.15-1.26) 909   (666) 1.36   (1.28-1.46) 1.23   (1.16-1.31) 

        

Deaths within Never smokers 6579   (103) 1.35   (1.17-1.56) 1.35   (1.16-1.57) 1429   (217) 1.37   (1.23-1.54) 1.38   (1.24-1.54) 

5 years Former smokers 9403   (288) 1.43   (1.32-1.55) 1.49   (1.37-1.63) 3083   (590) 1.33   (1.25-1.41) 1.28   (1.20-1.36) 

 Current smokers 6640   (332) 1.31   (1.21-1.43) 1.24   (1.15-1.35) 909   (250) 1.33   (1.20-1.48) 1.19   (1.08-1.32) 
        

Deaths after Never smokers 6476   (397) 1.12   (1.03-1.21) 1.14   (1.05-1.24) 1212   (566) 1.19   (1.11-1.28) 1.15   (1.07-1.24) 

5 years Former smokers 9115   (924) 1.29   (1.23-1.36) 1.25   (1.19-1.32) 2493   (1293) 1.19   (1.14-1.24) 1.17   (1.12-1.22) 
 Current smokers 6308   (939) 1.29   (1.23-1.36) 1.18   (1.12-1.25) 659   (416) 1.38   (1.27-1.50) 1.25   (1.15-1.36) 

 

 
Spirometric indices (FEV1, FVC and FEV1/FVC ratio) are modelled as z-scores derived from the Global Lung Initiative 2012 reference equations for whites. 

All hazard ratios are expressed per SD decrement in z-score, adjusted for age, sex, height, socio-economic status, geographical region and survey year.  
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e-Table 2 Relationship of spirometric indices to all-cause mortality before and after 5 years, among males and females, 

and among younger and older subjects, by smoking habit, in UK Biobank 

 
 

  Biobank age 40-69, white ethnicity, all usable spirograms  
Subjects and        

timing of death Smoking history Total N  (deaths) zFEV1 HR (95%CI) zFVC HR (95%CI)    

        

All subjects, Never smokers 149343   (1599) 1.23   (1.17-1.28) 1.26   (1.20-1.32)    

deaths within Former smokers 191627   (2998) 1.40   (1.36-1.45) 1.40   (1.35-1.45)    

5 years Current smokers 38514   (1112) 1.39   (1.32-1.46) 1.29   (1.22-1.36)    

        

All subjects, Never smokers 147744   (802) 1.18   (1.11-1.26) 1.21   (1.13-1.29)    

deaths after  Former smokers 188629   (1430) 1.33   (1.27-1.39) 1.32   (1.25-1.38)    

5 years Current smokers 37402   (564) 1.37   (1.28-1.47) 1.30   (1.20-1.40)    

        
Males, Never smokers 56924   (1143) 1.24   (1.18-1.31) 1.28   (1.21-1.35)    

all deaths Former smokers 89542   (2714) 1.39   (1.34-1.43) 1.39   (1.34-1.44)    

 Current smokers 19909   (1096) 1.36   (1.30-1.43) 1.27   (1.21-1.34)    
        

Females, Never smokers 92419   (1258) 1.18   (1.12-1.24) 1.20   (1.14-1.27)    

all deaths  Former smokers 102085   (1714) 1.37   (1.31-1.43) 1.34   (1.28-1.40)    

 Current smokers 18605   (580) 1.42   (1.33-1.52) 1.33   (1.23-1.43)    

        

Age 40-59 Never smokers 90676   (872) 1.23   (1.16-1.31) 1.25   (1.17-1.33)    

at entry, Former smokers 101171   (1161) 1.36   (1.29-1.43) 1.37   (1.30-1.45)    

all deaths Current smokers 25584   (692) 1.39   (1.31-1.48) 1.27   (1.19-1.36)    

        

Age 60-69 Never smokers 58667   (1529) 1.20   (1.15-1.26) 1.23   (1.18-1.29)    

at entry, Former smokers 90456   (3267) 1.39   (1.35-1.43) 1.37   (1.33-1.42)    

all deaths Current smokers 12930   (984) 1.38   (1.31-1.45) 1.31   (1.24-1.39)    

 
 

Spirometric indices (FEV1 and FVC) are modelled as z-scores derived from the Global Lung Initiative 2012 reference equations for whites. 

All hazard ratios are expressed per SD decrement in z-score, adjusted for age, sex, height, socio-economic status and geographical region (recruitment centre). 
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e-Table 3  Comparison of best quality spirograms with all usable spirograms to predict all-cause and cause-specific mortality, by smoking habit,  

in UK Biobank 

 
 

  Biobank age 40-69, white ethnicity, best spirograms Biobank age 40-69, white ethnicity, usable spirograms 
        

Cause of death Smoking history Total N  (deaths) zFEV1 HR (95%CI) zFVC HR (95%CI) Total N  (deaths) zFEV1 HR (95%CI) zFVC HR (95%CI) 

        

All causes Never smokers 102945   (1583) 1.23   (1.18-1.29) 1.29   (1.23-1.35) 149343   (2401) 1.21   (1.17-1.26) 1.24   (1.19-1.29) 

 Former smokers 134173   (3043) 1.39   (1.35-1.44) 1.40   (1.35-1.45) 191627   (4428) 1.38   (1.35-1.42) 1.37   (1.33-1.41) 

 Current smokers 26105   (1079) 1.39   (1.32-1.46) 1.30   (1.23-1.38) 38514   (1676) 1.38   (1.33-1.44) 1.29   (1.24-1.35) 

        

Respiratory Never smokers 102945   (48) 2.07   (1.63-2.62) 2.22   (1.76-2.80) 149343   (69) 1.86   (1.53-2.27) 2.15   (1.77-2.61) 

diseases Former smokers 134173   (140) 2.52   (2.20-2.88) 2.28   (1.98-2.63) 191627   (197) 2.46   (2.20-2.76) 2.26   (2.01-2.54) 

 Current smokers 26105   (66) 2.93   (2.37-3.62) 2.44   (1.99-3.00) 38514   (106) 2.52   (2.15-2.96) 2.08   (1.76-2.45) 

        
Circulatory Never smokers 102945   (269) 1.46   (1.31-1.62) 1.57   (1.41-1.76) 149343   (431) 1.41   (1.30-1.53) 1.47   (1.35-1.60) 

diseases Former smokers 134173   (590) 1.56   (1.46-1.68) 1.66   (1.54-1.79) 191627   (860) 1.58   (1.49-1.67) 1.64   (1.54-1.74) 

 Current smokers 26105   (219) 1.43   (1.28-1.60) 1.45   (1.28-1.63) 38514   (366) 1.41   (1.30-1.54) 1.38   (1.26-1.52) 
        

Cancer Never smokers 102945   (1023) 1.10   (1.04-1.16) 1.13   (1.07-1.20) 149343   (1535) 1.08   (1.03-1.13) 1.10   (1.05-1.15) 

 Former smokers 134173   (1907) 1.27   (1.22-1.32) 1.25   (1.20-1.31) 191627   (2762) 1.25   (1.21-1.30) 1.23   (1.18-1.27) 

 Current smokers 26105   (624) 1.27   (1.19-1.36) 1.18   (1.09-1.27) 38514   (937) 1.28   (1.22-1.36) 1.20   (1.13-1.27) 

        

Other non- Never smokers 102945   (243) 1.44   (1.29-1.61) 1.51   (1.35-1.69) 149343   (366) 1.46   (1.33-1.59) 1.45   (1.32-1.59) 

respiratory Former smokers 134173   (406) 1.43   (1.31-1.56) 1.49   (1.36-1.63) 191627   (609) 1.41   (1.32-1.51) 1.43   (1.33-1.55) 

diseases Current smokers 26105   (170) 1.36   (1.20-1.55) 1.25   (1.08-1.44) 38514   (267) 1.36   (1.23-1.51) 1.25   (1.12-1.39) 

 

 
Spirometric indices (FEV1 and FVC) are modelled as z-scores derived from the Global Lung Initiative 2012 reference equations for whites. 

All hazard ratios are expressed per SD decrement in z-score, adjusted for age, sex, height, socio-economic status and geographical region (recruitment centre). 
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e-Table 4  Relationship of spirometric indices to all-cause and cause-specific mortality among younger and older subjects, by smoking habit, 

in the Health Surveys for England and Scottish Health Surveys 

 

 

  HSE-SHS age 40-69 at entry, white ethnicity HSE-SHS age 70+ at entry, white ethnicity 
        

Cause of death Smoking history Total N  (deaths) zFEV1 HR (95%CI) zFVC HR (95%CI) Total N  (deaths) zFEV1 HR (95%CI) zFVC HR (95%CI) 

        
All causes Never smokers 6579   (500) 1.17   (1.09-1.25) 1.19   (1.10-1.28) 1429   (783) 1.24   (1.17-1.32) 1.22   (1.15-1.29) 

 Former smokers 9403   (1212) 1.33   (1.28-1.39) 1.31   (1.25-1.37) 3083   (1883) 1.23   (1.19-1.28) 1.20   (1.16-1.25) 

 Current smokers 6640   (1271) 1.30   (1.24-1.35) 1.20   (1.15-1.26) 909   (666) 1.36   (1.28-1.46) 1.23   (1.16-1.31) 
        

Respiratory Never smokers 6579   (34) 1.72   (1.34-2.21) 1.61   (1.25-2.08) 1429   (118) 1.82   (1.54-2.14) 1.65   (1.41-1.93) 

diseases Former smokers 9403   (185) 1.97   (1.77-2.19) 1.71   (1.53-1.91) 3083   (347) 1.65   (1.52-1.79) 1.46   (1.34-1.59) 
 Current smokers 6640   (355) 1.70   (1.56-1.84) 1.40   (1.29-1.52) 909   (221) 1.90   (1.69-2.13) 1.50   (1.34-1.67) 

        

Circulatory Never smokers 6579   (130) 1.21   (1.06-1.38) 1.22   (1.06-1.40) 1429   (299) 1.26   (1.13-1.39) 1.28   (1.16-1.41) 
diseases Former smokers 9403   (390) 1.37   (1.28-1.48) 1.39   (1.28-1.50) 3083   (745) 1.20   (1.13-1.27) 1.22   (1.15-1.29) 

 Current smokers 6640   (380) 1.26   (1.17-1.36) 1.22   (1.12-1.32) 909   (212) 1.21   (1.08-1.35) 1.20   (1.07-1.34) 

        

Cancer Never smokers 6579   (241) 1.10   (1.00-1.22) 1.12   (1.01-1.24) 1429   (166) 1.08   (0.95-1.23) 1.09   (0.96-1.24) 

 Former smokers 9403   (509) 1.18   (1.10-1.26) 1.14   (1.06-1.22) 3083   (448) 1.19   (1.10-1.28) 1.14   (1.05-1.22) 

 Current smokers 6640   (532) 1.21   (1.13-1.29) 1.09   (1.02-1.17) 909   (197) 1.20   (1.07-1.34) 1.08   (0.96-1.21) 

        

Other non- Never smokers 6579   (105) 1.15   (0.98-1.34) 1.20   (1.03-1.41) 1429   (208) 1.11   (0.98-1.25) 1.04   (0.92-1.17) 

respiratory Former smokers 9403   (204) 1.22   (1.10-1.35) 1.32   (1.18-1.48) 3083   (435) 1.11   (1.03-1.20) 1.08   (1.00-1.17) 
diseases Current smokers 6640   (210) 1.11   (1.00-1.24) 1.15   (1.03-1.28) 909   (117) 1.20   (1.03-1.40) 1.11   (0.95-1.29) 

 

 

Spirometric indices (FEV1 and FVC) are modelled as z-scores derived from the Global Lung Initiative 2012 reference equations for whites. 

All hazard ratios are expressed per SD decrement in z-score, adjusted for age, sex, height, socio-economic status, geographical region and survey year.  
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e-Table 5 Spirometric prediction of mortality among subjects with and without a history of selected diseases at entry, by smoking habit, in UK Biobank 

 

 

  Biobank age 40-69, white, no history of condition Biobank age 40-69, white, with history of condition 
Condition and        

cause of death Smoking history Total N  (deaths) zFEV1 HR (95%CI) zFVC HR (95%CI) Total N  (deaths) zFEV1 HR (95%CI) zFVC HR (95%CI) 

        

Respiratory Never smokers 130798   (2081) 1.21   (1.16-1.26) 1.22   (1.17-1.27) 18545   (320) 1.23   (1.12-1.35) 1.33   (1.21-1.47) 

disease at entry, Former smokers 166259   (3711) 1.36   (1.32-1.40) 1.34   (1.30-1.38) 25368   (717) 1.48   (1.39-1.57) 1.48   (1.39-1.58) 

all deaths Current smokers 33491   (1352) 1.32   (1.26-1.38) 1.21   (1.15-1.27) 5023   (324) 1.53   (1.39-1.68) 1.48   (1.35-1.63) 

        

Circulatory  Never smokers 109141   (189) 1.40   (1.23-1.59) 1.40   (1.23-1.60) 40202   (242) 1.35   (1.20-1.51) 1.43   (1.27-1.60) 

disease at entry, Former smokers 131593   (281) 1.39   (1.26-1.54) 1.40   (1.26-1.57) 60034   (579) 1.59   (1.48-1.70) 1.64   (1.52-1.77) 
circulatory death Current smokers 27843   (162) 1.32   (1.16-1.50) 1.29   (1.12-1.48) 10671   (204) 1.42   (1.26-1.59) 1.36   (1.20-1.54) 

        

Cancer at entry, Never smokers 137742   (978) 1.05   (0.99-1.11) 1.06   (1.00-1.12) 11601   (557) 1.10   (1.02-1.18) 1.13   (1.04-1.22) 
cancer death Former smokers 174917   (1898) 1.21   (1.16-1.26) 1.18   (1.13-1.23) 16710   (864) 1.32   (1.25-1.40) 1.30   (1.22-1.38) 

 Current smokers 35573   (738) 1.29   (1.22-1.37) 1.18   (1.10-1.26) 2941   (199) 1.24   (1.11-1.39) 1.28   (1.12-1.45) 

 

 
Spirometric indices (FEV1 and FVC) are modelled as z-scores derived from the Global Lung Initiative 2012 reference equations for whites. 

All hazard ratios are expressed per SD decrement in z-score, adjusted for age, sex, height, area-based socio-economic measure and geographical region (recruitment centre)..  
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e-Table 6 Mortality from all non-respiratory causes, and from circulatory diseases, by quartile of systolic blood pressure, body mass index and  

spirometric indices among white lifelong non-smokers aged 40-69 at entry in national health surveys (HSE and SHS) and in UK Biobank 

 
 

   Non-respiratory mortality  Circulatory mortality 
      

Risk factor Quartile  HSE-SHS  HR (95%CI) 

(based on 427 deaths) 

 Biobank HR (95%CI) 

(based on 2256 deaths) 

 HSE-SHS  HR (95%CI) 

(based on 129 deaths) 

Biobank HR (95%CI) 

(based on 403 deaths) 

             

SBP Q1 (low)  1.00 (reference)  1.00 (reference)  1.00 (reference) 1.00 (reference) 

 Q2  0.86 (0.62-1.19)  0.88 (0.77-1.00)  1.20 (0.59-2.42) 0.81 (0.58-1.14) 

 Q3  0.86 (0.63-1.18)  0.93 (0.82-1.06)  0.72 (0.34-1.50) 0.97 (0.71-1.34) 

 Q4 (high)  1.18 (0.87-1.59)  0.99 (0.87-1.12)  1.98 (1.05-3.72) 1.12 (0.82-1.51) 

             

BMI Q1 (low)  1.00 (reference)  1.00 (reference)  1.00 (reference) 1.00 (reference) 

 Q2  0.89 (0.67-1.19)  0.90 (0.79-1.02)  1.05 (0.59-1.87) 1.08 (0.77-1.51) 
 Q3  1.00 (0.76-1.33)  0.97 (0.85-1.09)  1.39 (0.80-2.42) 1.35 (0.97-1.86) 

 Q4 (high)  1.21 (0.92-1.59)  1.34 (1.19-1.50)  1.90 (1.13-3.22) 2.05 (1.51-2.79) 

             
zFEV1 Q4 (high)  1.00 (reference)  1.00 (reference)  1.00 (reference) 1.00 (reference) 

 Q3  0.98 (0.72-1.32)  1.10 (0.98-1.25)  1.73 (0.93-3.22) 0.97 (0.71-1.33) 

 Q2  1.20 (0.90-1.59)  1.13 (1.00-1.27)  2.13 (1.16-3.89) 1.29 (0.96-1.73) 

 Q1 (low)  1.41 (1.07-1.86)  1.54 (1.37-1.73)  2.24 (1.25-4.04) 1.99 (1.52-2.61) 

             

zFVC Q4 (high)  1.00 (reference)  1.00 (reference)  1.00 (reference) 1.00 (reference) 

 Q3  0.98 (0.72-1.32)  1.04 (0.92-1.18)  1.38 (0.77-2.46) 1.16 (0.85-1.60) 

 Q2  1.14 (0.85-1.51)  1.23 (1.10-1.40)  1.74 (0.99-3.04) 1.62 (1.20-2.18) 

 Q1 (low)  1.53 (1.17-2.01)  1.56 (1.38-1.75)  1.98 (1.15-3.40) 2.19 (1.65-2.92) 

 

 

Spirometric indices (FEV1 and FVC) are modelled as z-scores derived from the Global Lung Initiative 2012 reference equations for whites. 

All hazard ratios are adjusted for age, sex, height, socio-economic status, geographical region and survey year.  
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A B S TRA C T

Background. Red u ced ventilatoryfu nction is an established pred ictorof all-cau se mortalityin

generalpopu lation cohorts.W e sou ghtto verify this in lifelongnon-smokers,amongwhom

confou nd ingby active smokingcan be exclu d ed ,and investigate associations withcircu latory

and cancerd eaths.

Methods. In UK B iobank,among 149,343 white never-smokers aged 40–69 years atentry,

2401 d eaths occu rred overamean 6·5 years follow-u p.In the H ealth Su rveys forEngland

(H SE)1995,1996,2001 and ScottishH ealthSu rveys (SH S)1998 and 2003 combined there

were 500 d eaths among657 9 white never-smokers aged 40–69 atentry,followed foramean

13·9 years.Stand ard d eviation (z)scores for forced expiratory volu me in the firstsecond

(FEV 1) and forced vitalcapacity (FV C ) were d erived u sing GlobalL u ng Initiative 2012

reference equ ations.These z-scores were related to d eaths from allcau ses,circu latory d isease

and cancers u singproportionalhazard s mod els ad ju sted forage,sex,height,socio-economic

statu s,region and su rvey.

Results. Inthe H SE-SH S d ataset,d ecreasingz-scores forFEV 1 and FV C were eachassociated

to asimilard egree withincreased all-cau se mortality (hazard ratios peru nitd ecrement1·17 ,

95%C I1·09–1·25forzFEV 1 and 1·19,1·10–1·28 forzFV C ).This was replicated in B iobank

(H Rs1·21,1·17 –1·26and 1·24,1·19–1·29,respectively).zFEV 1 and zFV C were lessstrongly

associated with mortality from circu latory d iseases in H SE-SH S (H R 1·22,1·06–1·40 for

zFV C )than in B iobank(H R 1·47 ,1·35–1·60 forzFV C ).Forcancermortality,hazard ratios

were more consistentbetween cohorts (forzFV C :H Rs 1·12,1·01–1.24 inH SE-SH S and 1.10,

1·05–1.15in B iobank).The strongestassociations were withrespiratory mortality (forzFV C :

H Rs 1·61,1·25–2·0 8 in H SE-SH S and 2·15,1·7 7 –2·61 in B iobank).
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Conclusions. Spirometric ind ices pred icted mortality more strongly than systolic blood

pressu re orbod y mass ind ex,emphasising the importance of promoting lu ng health in the

generalpopu lation,even amonglifelongnon-smokers.

A RTIC L E S UM M A RY

Strengths and limitations of this study

 UK B iobankoffers aspirometric stu d yof lifelongnon-smokers of u npreced ented size,

bu tthe low participation rate mayhave compromised its generalisability.

 A ssemblingd atafrom five nationalhealthsu rveys of England orScotland prod u ced a

cohortof never-smokers,larger than in previou sly pu blished stu d ies,in which the

generalisabilityof B iobankresu lts cou ld be tested .

 W ithin B iobank,the large nu mbers permitted su bgrou panalyses by sex,age,obesity

and pre-existingd isease,ofsu fficientstatisticalpowerto exclu d e importantinteraction

effects. These within-cohort comparisons provid e fu rther reassu rance abou t

generalisabilityof associations between red u ced ventilatory fu nction and mortality.

 M ortalityassociations amongthe su bsetof B iobankparticipants whose spirograms met

internationally recommend ed criteriaforacceptability and reprod u cibility were very

similarto the resu lts amongthe fu llB iobankcohort,su ggestingthatthe key find ings

are robu stto inclu sion orexclu sion of participants withsu boptimalspirometry.

 In common with previou s stu d ies of this issu e,this analysis was restricted to fatal

ou tcomes and therefore cannot d istingu ish between an association of red u ced

ventilatory fu nction withd isease incid ence and an influ ence on case-fatality.
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IN TRO D UC TIO N

Fou r d ecad es of epid emiologicalresearch have consistently shown thatred u ced levels of

ventilatoryfu nction,measu red as one-second forced expiratoryvolu me (FEV 1)orforced vital

capacity (FV C ) are associated with higher all-cau se mortality rates and therefore shorter

su rvivalin the generalpopu lation.1-7 Few stu d ies have reported specifically on lifelongnon-

smokers,3,4 agrou pwho form the minority of mostpopu lations su rveyed hitherto,bu tare set

to become more common in fu tu re as smoking becomes less prevalentin higher income

cou ntries.

M ostpu blications have focu sed on FEV 1,bu tarecentanalysis7 of asymptomatic participants

in the mu lti-ethnic A therosclerosis Riskin C ommu nities (A RIC )stu d y reported thatall-cau se

mortalitywasstronglyassociated withd iminished FV C ,afterad ju stmentforFEV 1,bu tnotthe

otherwayarou nd ,and there wasnoassociationbetweensu rvivaland the ratioofFEV 1 toFV C .

This conclu sion was based on acombined analysis of smokers and non-smokers.

In this report,we compare the relationship of lu ng fu nction measu res (FEV 1 and FV C )to

su bsequ entmortalityinUK B iobankand inthe H ealthSu rveysforEngland and ScottishH ealth

Su rveys.B iobank is the largestspirometric stu d y everperformed in the UK and inclu d ed a

relatively highproportion of never-smokers.The nationalhealthsu rveys,althou ghbased on

smallernu mbers of su bjects,recru ited awid erage range,have alongerperiod of follow-u p,

higherresponse rates and are more representative of the generalUK popu lation than B iobank.

The two sou rces are therefore complementary,in terms of precision and generalisability.

This paperfocu ses u pon find ings forwhite lifelongnon-smokers,amongwhom confou nd ing

by frequ ency ord u ration of active smokingcan be exclu d ed .W e investigate associations of

spirometric ind ices with totalmortality and with majorgrou ps of cau ses of d eath;compare

FEV 1 and FV C as ind epend entpred ictors of all-cau se mortality,and evalu ate the possibility
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of reverse cau sation.W e also compare resu lts from UK B iobankwiththose from the national

healthsu rveyparticipants of asimilarage atspirometric examination,to establishhow wid ely

generalisable are the find ings from B iobank.C orrespond ingresu lts forwhite formersmokers

and cu rrentsmokers are inclu d ed in the online su pplementforcompleteness,and d escribed

brieflyin the text.

M E TH O D S

H ealthS u rveys forE ngland and S cottishH ealthS u rveys

D atawere combined from the H ealthSu rveys forEngland 1995,1996 and 2001,8 -10 and the

Scottish H ealth Su rveys 1998 and 2003,11-12 the years when spirometry was inclu d ed in the

protocol.These su rveys aimed to recru itarepresentative sample of B ritish ad u lts throu gh

hou sehold sampling within selected parliamentary constitu encies throu ghou t England or

Scotland .P articipants were visited athome.Response rates ranged from 60% to 7 6% across

the five su rveys.The proportionofthose visited whoperformed u sable spirometryranged from

63% to 8 4%.

Spirometry was performed u sing hand -held pneu motachograph spirometers (V italograph

Escort)with the bestresu lts of FEV 1 and FV C record ed from three technically satisfactory

blows.N o flow-volu me cu rves orreprod u cibilitycriteriawere available forassessment.V alid

lu ngfu nction measu rements were available for6,57 9 lifelongnon-smokers aged 40-69 years

and 1,429 aged 7 0 ormore atthe startof follow-u p,allof white ethnicity.

D eaths occu rring u p to A pril2013 were available for analysis in the H ealth Su rveys for

England ,13 and d eaths u p to D ecember2011 were linked in the Scottish H ealth Su rveys.14

C ombiningallfive su rveys,there were 500 d eaths amongwhite never-smokers aged 40-69 at

recru itmentover a mean follow-u p period of 13·9 years.D eaths from respiratory d isease,
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circu latory d isease,cancerand allothercau ses were cod ed u sing IC D 9 (460-519,390-459,

140-20 8 ,allothers,respectively)and IC D 10 (chapters J,I,C ,allothers,respectively).

Smoking history was self-reported .Socio-economic statu s was measu red atthe levelof the

hou sehold ,based on the socialclass of the head of the hou sehold .N ation (England or

Scotland ),region (within England )and su rvey yearwere inclu d ed as ad d itionalcovariates.

UK B iobank

This stu d yrecru ited 502,68 2 volu nteers aged 40-69 years in 22 recru itmentcentres throu ghou t

England ,W ales and Scotland d u ring2006-2010,followinginvitations to 9 million people.15

Spirometry was performed u sing a hand -held pneu motachograph spirometer (P neu motrac

68 00)from whichvolu me-time arrays were stored foreachblow.16

8 1% of the cohort performed two blows with acceptable start and measu res of FEV 1

reprod u cible within 250mL .This was consid ered the most inclu sive sample of “u sable

spirograms”.W hen end -blow qu ality was also consid ered ,58 % of the cohorthad evid ence of

agood plateau and bothFEV 1 and FV C reprod u cible within150mL ,the criteriarecommend ed

by the A TS/ERS TaskForce on Stand ard isation of Spirometry.17 This su bgrou pof 58 % was

consid ered to be the “best qu ality”spirograms,among which to evalu ate the relative

importance of FEV 1 and FV C as pred ictors of mortality.

The presentanalysis is based on d eaths occu rringu pto mid -A u gu st2015,amean follow-u p

period of6·5years.There were 2,401 d eaths among149,343lifelongnon-smokers aged 40-69

of white ethnicity who performed “u sable spirograms”. D eaths from respiratory d isease,

circu latory d isease,cancerand allothercau ses were cod ed u singIC D 10 (chapters J,I,C ,all

others,respectively).
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Smoking history was self-reported .Socio-economic statu s was measu red atthe levelof

resid entialarea,u sing the Townsend d eprivation ind ex,grou ped into qu artiles foranalysis.

B iobankrecru itmentcentre was u sed as an ad d itionalcovariate to ad ju stforpossible regional

d ifferences.

A dju stmentof spirometric measu res forgender,age and height

The GlobalL u ngInitiative (GL I)2012 reference equ ationsforwhite ethnic grou ps18 were u sed

in both sets of d atato stand ard ise FEV 1 and FV C forage,sex and height.The GL I-2012

equ ations generate a“z-score”whichrepresents the relative position of an ind ivid u alamong

the d istribu tion pred icted forlifelongnon-smokers withno historyof lu ngd isease of the same

gend er,age and height.This allows forthe spread of pred icted valu es to d ifferby age,height

and gend er,expressingthe relative rankingofanind ivid u alinterms ofastand ard d eviation(z)

score.Foreachind ivid u alin the analysis,there were three GL I-2012 z-scores,correspond ing

to their relative ranking for FEV 1 (zFEV 1), FV C (zFV C ) and the ratio FEV 1/FV C

(zFEV FV C ).O u tlying observations were exclu d ed by restricting allthe analyses in both

d atasets to valu es of zFEV 1 and zFV C within the range -5 to +5 z-score u nits.This exclu sion

removed 0.2% of UK B iobankparticipants,0.5% of participants in the nationalhealthsu rveys

aged 40-69 and 0.3% of nationalhealthsu rveyparticipants aged 7 0 ormore.

M odellingof mortality

The relationshipof spirometric ind ices to su bsequ entmortality was mod elled by proportional

hazard s (C ox)regression,whichestimates the relative increase in mortality rate (hazard ratio)

for a u nitchange in each explanatory variable.The z-scores are expressed on a stand ard

d eviation scale,so hazard ratios forzFEV 1 and zFV C are expressed peru nitd ecrement(ie.an
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increase in riskforad ecrease in lu ngfu nction).A typicalrange of z-scores amonglifelong

non-smokers wou ld be fou r u nits.A hazard ratio of 1·2 per u nitd ecrementcorrespond s

approximatelyto atwofold d ifference in mortality rate across this range.

D u e to the highcorrelation between zFEV 1 and zFV C amonglifelongnon-smokers (0.8 8 in

B iobank,0.8 0 in nationalhealthsu rvey participants aged 40-69),we mod elled the association

of mortality with zFEV 1 both alone and jointly with zFEV FV C ;and similarly for zFV C .

A mongneversmokers,the correlations between zFEV 1 and zFEV FV C (0.35in B iobank,0.36

in the nationalsu rveys)and between zFV C and zFEV FV C (-0.13 in B iobank,-0.20 in the

nationalsu rveys) were weak enou gh to avoid major collinearity in the jointmod els.The

significance of the hazard ratio forzFEV FV C when mod elled jointlywithzFEV 1 was u sed to

assess whether zFV C pred icted mortality ind epend ent of zFEV 1,and vice versa when

zFEV FV C was mod elled jointlywithzFEV 1.

A llproportionalhazard s mod els were restricted to white participants and ad ju sted forsex,age,

stand ing height,socio-economic statu s and region.A nalyses of d atafrom the five national

healthsu rveys were ad d itionally ad ju sted forsu rvey yearas acategoricalvariable.Since each

su rvey was cond u cted in ad ifferentyear,inclu sion of su rvey yearin the mod elis closely

equ ivalenttoafixed -effectmeta-analysisofthe resu ltsfrom eachofthe five su rveys.Inamore

formaltwo-stage ind ivid u alparticipantmeta-analysis forall-cau se mortality in lifelongnon-

smokers,there was no su bstantialorsignificantheterogeneity of hazard ratios amongthe five

nationalhealthsu rveys (I²= 0.0%,p= 0.7 7 5 forzFEV 1;I²= 10.5%,p= 0.346 forzFV C ).

Therefore,for simplicity of presentation we reportresu lts for the five nationalsu rveys

combined ,bu tanalyse UK B iobankseparately becau se one of ou robjectives is to investigate

how closely these two sets of resu lts correspond .H eterogeneity between hazard ratios forthe

pooled nationalsu rveys and UK B iobank was assessed by testing the significance of the

d ifference between the correspond inglog-hazard -ratios from these two d atasets.
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The assu mption of proportionality of hazard s was assessed by log-log plots and by fitting

zFEV 1 or zFV C as a time-d epend entcovariate in the mod el.N o strong or statistically

significantevid ence of time-d epend ence emerged forall-cau se mortality amonglifelongnon-

smokers.N evertheless,resu lts forall-cau se mortality were partitioned at5 years of follow-u p

fortwo reasons.Firstly,becau se the minimu m d u ration of follow-u pin UK B iobankwas 4.8 7

years,so virtu ally allof thatcohorthad been followed for5 years ormore,allowingamore

d irectcomparisonwithresu ltsfrom the nationalhealthsu rveys,allofwhichhad beenfollowed

formore than 5years.A second reason forpartitioningat5years was toad d ress the possibility

of reverse cau sation (impaired spirometric performance d u e to pre-existingcond itions which

lead to early d eath).Reverse cau sation was also investigated by analysing mortality in

su bgrou ps withno priorhistoryof respiratoryd isease,circu latoryd isease,orcancer.

RE S UL TS

P articipantcharacteristics

Su pplementary e-Table 1 su mmarises the nu mbers of participants,d u ration of follow-u pand

d eathsfrom allcau sesand su bgrou psofcau se,ineachd ataset,bysex,age and smokinghistory.

A ll-cau se mortality

Table 1 compares the hazard ratios forage-sex-height-ad ju sted FEV 1 and FV C in relation to

all-cau se mortality in the combined H ealth Su rvey forEngland (H SE)and Scottish H ealth

Su rveys (SH S)d ataset,and UK B iobank(UKB ),amongparticipants aged 40-69 years atentry.

A ll“u sable spirograms”from B iobankwere inclu d ed inthiscomparison,becau se noad d itional

qu alitycontrolhad been applied in the nationalhealthsu rveys 1995-2003.

Page 10 of 39

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

11

Table 1 A ll-cau se mortalityin white lifelongnon-smokers aged 40-69 atentryin nationalhealthsu rveys (H S E and S H S )
and in UK B iobank,in relation to GL I-2012 z-scores forFE V 1 and FV C

HSE-SHS white lifelong non-smokers, 40-69 at entry Biobank white lifelong non-smokers, 40-69 at entry

Timing of death Cause of death Total N (deaths) zFEV1 HR(95%CI) zFVC HR(95%CI) Total N (deaths) zFEV1 HR(95%CI) zFVC HR(95%CI)

A nytime A llcau ses 657 9 (500) 1.17 (1.09-1.25) 1.19 (1.10-1.28 ) 149343 (2401) 1.21 (1.17 -1.26) 1.24 (1.19-1.29)

W ithin 5years A llcau ses 657 9 (103) 1.35 (1.17 -1.56) 1.35 (1.16-1.57 ) 149343 (1599) 1.23 (1.17 -1.28 ) 1.26 (1.20-1.32)

A fter5years A llcau ses 647 6 (397 ) 1.12 (1.03-1.21) 1.14 (1.05-1.24) 147 7 44 (8 02) 1.18 (1.11-1.26) 1.21 (1.13-1.29)

A nytime Respiratory 657 9 (34) 1.7 2 (1.34-2.21) 1.61 (1.25-2.08 ) 149343 (69) 1.8 6 (1.53-2.27 ) 2.15 (1.7 7 -2.61)

A nytime C ircu latory 657 9 (130) 1.21 (1.06-1.38 ) 1.22 (1.06-1.40) 149343 (431) 1.41 (1.30-1.53) 1.47 (1.35-1.60)

A nytime C ancer 657 9 (241) 1.10 (1.00-1.22) 1.12 (1.01-1.24) 149343 (1535) 1.08 (1.03-1.13) 1.10 (1.05-1.15)

A nytime O thernon- 657 9 (105) 1.15 (0.98 -1.34) 1.20 (1.03-1.41) 149343 (366) 1.46 (1.33-1.59) 1.45 (1.32-1.59)
respiratory

Spirometric ind ices (FEV 1 and FV C )are mod elled as z-scores d erived from the GlobalL u ngInitiative 2012 reference equ ations forwhites.
A llhazard ratios are expressed peru nitd ecrementin z-score,ad ju sted forage,sex,height,socio-economic statu s,geographicalregion and su rvey year.
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W hen each spirometric ind ex was mod elled singly,allassociations were highly statistically

significant (p<0·0001).A mong lifelong non-smokers in both cohorts,FEV 1 and FV C

d isplayed similarstrengths of association with all-cau se mortality (Table 1).A mongformer

smokers,FEV 1 was the strongerpred ictorin H SE-SH S bu tFEV 1 and FV C showed similar

strength of association with all-cau se mortality in UKB .A mong cu rrentsmokers in both

d atasets,FEV 1 was astrongerpred ictorof all-cau se mortalitythan FV C (e-Tables 2-4).

Table 1 also shows the mostd irectcomparison between the two d atasets,based on all-cau se

mortality within 5 years.A lthou gh the associations of spirometric ind ices with these earlier

d eaths were strongerin H SE-SH S than in UKB ,the d ifferences between the cohorts were not

statistically significant(p=0.23 forFEV 1,p=0.39 forFV C ).A ssociations withd eaths after5

years are less comparable between the d atasets,d u e to the shorterperiod of follow-u pin UKB .

Strongerassociations of FEV 1 and FV C withearlierd eaths than withlatermortality from all

cau ses were also evid entamongformersmokers and cu rrentsmokers,althou ghthe d ifferences

were more marked in H SE-SH S than in UKB (e-Tables 2 and 3).Formaltests for time-

d epend ence of the hazard ratio (H R) for all-cau se mortality fou nd statistically significant

red u ction in H R withincreasingfollow-u ptime (t)only amongex-smokers (p=0.00032 for

zFEV 1* tin UKB ,p=0.021 forzFEV 1* tin H SE-SH S,p=0.000006 forzFV C * tin UKB ,p=

0.001 forzFV C * tin H SE-SH S).A mongnever-smokers and cu rrentsmokers in bothd atasets,

the red u ction in H R withincreasingfollow-u pwas small(arelative red u ction of 1% peryear)

and non-significant(p>0.05)forbothFEV 1 and FV C .

These analyses confirm thatthe mod ellingassu mption of proportionality of hazard s overthe

d u ration of follow-u pis valid ,atleastforlifelongnon-smokers,in bothd atasets.

Page 12 of 39

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

13

Table 2 C omparison of mu tu allyadju sted spirometric indices to predictall-cau se mortalityin nationalhealthsu rveys
(allspirograms)and in UK B iobank(comparingallu sable spirograms withbestqu alityspirograms)

HSE-SHS white lifelong non-smokers, 40-69 at entry Biobank white lifelong non-smokers, 40-69 at entry
Subset z-score in model
analysed (plus covariates) Total N (deaths) HR(95%CI) alone HR (95%CI) joint Total N (deaths) HR(95%CI) alone HR (95%CI) joint

A llu sable FEV 1 alone 657 9 (500) 1.17 (1.09-1.25) 149343 (2401) 1.21 (1.17 -1.26)
spirograms FEV 1 ad jFEV /FV C 1.20 (1.11-1.29) 1.26 (1.21-1.31)

FEV /FV C ad jFEV 1 0.94 (0.8 7 -1.01) 0.90 (0.8 5-0.94)

A llu sable FV C alone 657 9 (500) 1.19 (1.10-1.28 ) 149343 (2401) 1.24 (1.19-1.29)
spirograms FV C ad jFEV /FV C 1.19 (1.11-1.28 ) 1.24 (1.19-1.29)

FEV /FV C ad jFV C 1.02 (0.95-1.10) 1.02 (0.97 -1.07 )

B estqu ality FEV 1 alone (N o d ata) 102945 (158 3) 1.23 (1.18 -1.29)
spirograms FEV 1 ad jFEV /FV C 1.29 (1.23-1.36)

FEV /FV C ad jFEV 1 0.8 6 (0.8 1-0.91)

B estqu ality FV C alone (N o d ata) 102945 (158 3) 1.29 (1.23-1.35)
spirograms FV C ad jFEV /FV C 1.29 (1.23-1.35)

FEV /FV C ad jFV C 0.98 (0.93-1.04)

Spirometric ind ices (FEV 1,FV C and FEV 1/FV C ratio)are mod elled as z-scores d erived from the GlobalL u ngInitiative 2012 reference equ ations forwhites.
A llhazard ratios are expressed peru nitd ecrementin z-score,ad ju sted forage,sex,height,socio-economic statu s,geographicalregion and su rvey year.
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Influ ence of spirogram qu ality

Table 2 presents the resu lts forallcau ses of d eath among B iobank participants with “best

qu ality”spirograms,for comparison with those obtained from the fu ll set of “u sable

spirograms”.The patternand magnitu d e ofthe resu ltsamongthe formersu bsetare verysimilar

to the overallUKB resu lts.

The covariate-ad ju sted hazard ratios forall-cau se mortalitycomparingthe “bestqu ality”grou p

to the remaind erwere:0·94 (95%C I0·8 6–1·02)amonglifelongnon-smokers,H R 1·02 (0·96–

1·09)amongformersmokers and H R 0·94 (0·8 5–1·04)amongcu rrentsmokers.N one ofthese

hazard ratios are statistically significant,d espite verylarge nu mbers of su bjects inclu d ed each

comparison.

C hoice of spirometric index

A mong lifelong non-smokers,ad d ing FEV 1/FV C ratio to a mod elinclu d ing FV C d id not

contribu te ad d itionalinformation,whereasad d ingFEV 1/FV C ratiotoamod elinclu d ingFEV 1

d id improve the fitof the mod elsignificantly(Table 2).This pattern was evid entin bothH SE-

SH S and UKB ,and amongthe su bsetof UKB participants with“bestqu ality”spirograms.

C au se-specific mortality

Table 1 also presents the association of spirometric ind ices (mod elled singly)withrespiratory,

circu latory,cancerand othercau ses of d eath among lifelong non-smokers.The strength of

association withFEV 1 and FV C was greatestforrespiratory mortality and weakestforcancer

d eaths.This applied inbothd atasets,bu tthe hazard ratios forrespiratory,circu latoryand other

cau ses ofd eathwere greaterinUKB thaninH SE-SH S.The resu lts inthe twocohorts are more
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similarforcancermortality.The heterogeneity of hazard ratios between the two d atasets was

statistically significantonly forFV C in relation to circu latory mortality (p= 0.025),and for

bothFEV 1 (p=0.009)and FV C (p=0.042)inrelationtocau sesofd eathotherthanrespiratory,

circu latory orcanceramongnever-smokers.W ithin UKB ,resu lts forcau se-specific mortality

were generally consistentbetween the “bestspirogram”su bgrou pand the fu llerd ataset,in all

smokingsu bgrou ps (e-Table 4).

C omparisons bysu bgrou ps of age and sex

Su pplementary e-Table 3 shows thatwithin UK B iobank the generalpattern of resu lts was

similarinbothsexes.There was nostatisticallysignificanteffectmod ificationbysex foreither

spirometric ind ex in any smokingsu bgrou p(p>0.10 foreachinteraction test).

Su pplementary e-Table 3 also compares the resu lts forall-cau se mortality among you nger

(aged 40-59)and old er(aged 60-69)UKB participants.The hazard ratiosinallsmokinggrou ps

were consistentbetweenthese twoage su bgrou psand there were nostatisticallysignificantage

interactions foreitherspirometric ind ex (p>0.40).

Su pplementary e-Table 5 compares the spirometric associations with all-cau se and cau se-

specific mortality amongH SE and SH S participants aged 40-69 and 7 0 ormore atentry.The

pattern forall-cau ses was consistentbetween these age grou ps in never-smokers and cu rrent

smokers (p>0.2),bu tthere were significantage interactions amongex-smokers (p<0.006).

Su pplementary e-Table 3 compares the resu lts forall-cau se mortality amongobese and non-

obese B iobankparticipants.A lthou ghthe pattern of resu lts was generally consistentbetween

these categories in allsmokingsu bgrou ps,astatistically significantd ifference in the hazard

ratioforFV C occu rred amongcu rrentsmokers(p=0.022).O therinteractionswithobesitywere

non-significant(p>0.10).
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Table 3 C omparison of spirometric prediction of mortalityamongsu bjects withand withou tpriordisease historyatentry
in UK B iobank

Biobank age 40-69, white lifelong non-smokers
without a history of the condition at entry

Biobank age 40-69, white lifelong non-smokers
with a history of the condition at entry

Condition at entry Cause of death Total N (deaths) zFEV1 HR(95%CI) zFVC HR(95%CI) Total N (deaths) zFEV1 HR(95%CI) zFVC HR(95%CI)

Respiratory A llcau ses 1307 98 (208 1) 1.21 (1.16-1.26) 1.22 (1.17 -1.27 ) 18 545 (320) 1.23 (1.12-1.35) 1.33 (1.21-1.47 )
d isease

C ircu latory C ircu latory 109141 (18 9) 1.40 (1.23-1.59) 1.40 (1.23-1.60) 40202 (242) 1.35 (1.20-1.51) 1.43 (1.27 -1.60)
d isease d isease

C ancer C ancer 137 7 42 (97 8 ) 1.05 (0.99-1.11) 1.06 (1.00-1.12) 11601 (557 ) 1.10 (1.02-1.18 ) 1.13 (1.04-1.22)

Spirometric ind ices (FEV 1 and FV C )are mod elled as z-scores d erived from the GlobalL u ngInitiative 2012 reference equ ations forwhites.
A llhazard ratios are expressed peru nitd ecrementin z-score,ad ju sted forage,sex,height,socio-economic statu s and geographicalregion (recru itmentcentre).
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C omparisons bypriordisease historyin UK B iobank

Table 3compares the spirometric associations withall-cau se mortalityin B iobankparticipants

withand withou tahistoryofrespiratoryd isease atthe baseline spirometric examination.Inthe

18 ,545 (12%)white never-smokers with“u sable spirograms”who had ahistory of d iagnosed

respiratoryd isease (of which90% reported asthma),FV C was astrongerpred ictorofall-cau se

mortality than FEV 1.A mongthe su bgrou pwithou tarespiratory history,resu lts were similar

to the fu llcohort.

L u ngfu nctionalsoemerged asasignificantpred ictorofcircu latorymortalityamongthose with

and withou tapriorhistory of heartattack,angina,stroke,thrombosis orhypertension (Table

3).This pattern was confirmed amongformersmokers and cu rrentsmokers (e-Table 6).

Finally,the association of FEV 1 and FV C withcancermortality was shown to be strongerin

those withapriorcancerd iagnosis (Table 3),bu titwas notstatisticallysignificant,d espite the

large sample size,among those with no cancer history at the spirometric examination.

H owever,this find ingis confined tothe lifelongnon-smokers:bothFEV 1 and FV C were more

strongly and significantly associated with cancerd eath among formersmokers and cu rrent

smokerswithnocancerhistory(e-Table 6).C ancermortalityamongparticipantswithahistory

of canceratentry was strongly and significantly associated withbothFEV 1 and FV C in all

three smokingsu bgrou ps (e-Table 6).

C omparison of spirometrywithotherpredictors of mortality

Figu re 1 (d ataine-Table 7 )comparesthe relative mortalityacrossqu artilesofbod ymassind ex,

systolic blood pressu re and FV C z-score,foralld eaths and ford eaths from circu latoryd isease,

amongwhite lifelongnon-smokersinH SE-SH S and inUK B iobank.A similarpatternemerged
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forall-cau se mortalityin bothcohorts,withd ifferentials in mortalityacross qu artiles of zFV C

beingatleastas greatas those across qu artiles of bod ymass ind ex orsystolic blood pressu re.

D IS C US S IO N

P rincipalfindings

A broad lycoherentpictu re emerges from this comparison of UK nationalcohorts.V entilatory

fu nction,evenifmeasu red imperfectly,consistentlypred icted bothrespiratoryd eaths and non-

respiratorymortalityfrom arange ofcau ses.Thiswasfou nd evenamonglifelongnon-smokers,

so confou nd ingby the amou ntord u ration of active smokingis notthe sole explanation.B oth

forall-cau se mortality,and more specificallyforcircu latoryd isease mortality,FEV 1 and FV C

were as strongly pred ictive as bod y mass ind ex,and more strongly pred ictive than systolic

blood pressu re.

S trengths and weaknesses of this stu dy

UK B iobankoffers aspirometric stu d y of lifelongnon-smokers of u npreced ented size,bu tits

5·5% participation rate mayhave compromised its generalisability.A ssemblingd atafrom five

UK nationalhealth su rveys prod u ced acohortof never-smokers,largerthan the combined

nu mberof participants in previou s pu blications3,4 in which the generalisability of B iobank

resu lts cou ld be tested .The similarpattern of resu lts in H SE-SH S and UKB su ggests thatthe

key find ings are generalisable,atleastto the B ritishpopu lation.

W ithin B iobank,the large nu mbers permitted su bgrou panalyses by sex,age,obesity and pre-

existingd isease,of su fficientstatisticalpowerto exclu d e importantinteraction effects.These
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within-cohort comparisons provid e fu rther reassu rance abou t the generalisability of the

principalfind ings amonglifelongnon-smokers.

A lthou ghonly58 % ofthe B iobankcohortperformed spirometrywhichfu lfilled internationally

recommend ed criteriaforacceptability and reprod u cibility,17 the resu lts in this su bgrou pwere

very similar to those among the fu llsetof B iobank participants who performed “u sable”

spirometry.Those resu lts were,in tu rn,consistentwith the find ings from nationalhealth

su rveys where the acceptabilityand reprod u cibilityofspirometrywas notformallyassessed in

the field .These within-cohortand cross-cohortcomparisons su ggestthatthe principalfind ings

are robu stto inclu sion orexclu sion of participants withsu boptimalspirometric performance.

In common withpreviou s stu d ies of this topic,ou ranalysis was restricted to fatalou tcomes

and therefore cannotd istingu ish between an influ ence of red u ced ventilatory fu nction on

d isease incid ence and an effecton case-fatality.The association with cancermortality was

weakeramong those with no cancerd iagnosis atentry,su ggesting an association primarily

withcase-fatality.In contrast,the association of spirometric ind ices withcircu latorymortality

was equ ally strongin those withand withou tapriorhistory of circu latory d isease.The recent

linkage of hospitalad missions and primary care consu ltations to the UK B iobankcohortwill

allow associations withincid ence and case-fatality to be investigated more d irectlyin fu tu re.

C omparison withotherstu dies

P reviou s stu d ies of lifelong non-smokers have been of limited size:662 males and 2048

females inthe C openhagenC ityH eartStu d y,ofwhom 195d ied d u ring10 years offollow-u p,3

and 3562 male L ond on civilservants in the W hitehallStu d y,of whom 408 d ied overaperiod

of 18 years.4 The W hitehallcohortwas su bsequ ently followed for33-35 years,accu mu lating

1545 d eaths among308 3 lifelong non-smokers.19 In the analyses we presenthere,there are
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almosttwice this nu mberof d eaths amonglifelongnon-smokers,d espite ashorterfollow-u p

period ,d u e to the mu chlargersample size atentry,particu larlyin UK B iobank.

The twopu blications from the W hitehallcohort4,19 compared FEV 1 and heightas pred ictors of

all-cau se and cau se-specific mortality among never-smokers.The first4 fou nd thatFEV 1

pred icted mortality ind epend entof height,bu theightd id notpred ictsu rvivalind epend entof

FEV 1.The second 19 fou nd thatFEV 1 and heightwere similarly related bothto mortality and

to arange of otherriskfactors,conclu d ingthatbothFEV 1 and heightmaybe markers of early

life exposu res of relevance to longevity.

P u blished analyses of the W hitehallcohort4,19 assessed only FEV 1 bu tnotFV C .In the

C openhagen stu d y,3 the association of all-cau se mortality amongnever-smokers was slightly

strongerand more statisticallysignificantwithFV C than withFEV 1 (bothspirometric ind ices

analysed as percentpred icted forage,sex and height).H owever,no formalcomparison was

mad e betweenthe mortalityrisksassociated withthe twoind ices.A nanalysisofmortalityover

an average follow-u p period of 13.7 years among 7 ,48 9 45-64-year-old participants in the

United States A RIC cohort7 su ggested thatFV C shou ld be consid ered as amore pred ictive

spirometric ind ex than FEV 1,bu tthis conclu sion was d rawn from acohortof mixed smoking

habits.

In ou rstu d y of lifelongnon-smokers,we confirmed thatFV C (ratherthan FEV 1)is the ind ex

of greater importance in d etermining su rvivalin mid d le-aged never-smokers.In contrast,

amongcu rrentsmokers,FEV 1 emerged as the more influ entialpred ictor.This maybe becau se

the FEV 1/FV C ratio d eclines with both the d ose and d u ration of smoking,and these also

increase mortality risk.

The ability to perform good qu ality spirometry is an integrated assessmentof physicaland

cognitive fu nction and therefore mightbe consid ered apred ictorof mortality in its own right.
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In the US Six C ities stu d y,excessively variable spirometric performance was an ind icatorof

poor health and associated with shorter su rvival.20 In contrast,the mortality experience of

B iobankparticipants who prod u ced “bestqu ality”spirograms d id notd iffergreatly from that

of theirpeers who prod u ced “u sable”bu tnot“bestqu ality”blows.

P ossible implications

In clinicalpractice,particu larlyin primarycare,qu alitycontrolof spirometry is u nlikelyto be

mu chbetterthan in the nationalhealthsu rveys where lu ngfu nction was tested by atrained

researchnu rse inthe home setting.Therefore,while the resu ltsfrom the B iobank“bestqu ality”

su bgrou pare of confirmatory interest,the more inclu sive resu lts forall“u sable spirograms”

maybe more generallyrelevant.

In bothcohorts,age-sex-height-ad ju sted lu ngfu nction emerged as astrongerpred ictorof all-

cau se mortalitythaneithersystolic blood pressu re orbod ymassind ex,whichare,respectively,

the 2nd and 6thmostinflu entialcau ses world wid e of loss of healthy lifespan,as measu red by

d isability-ad ju sted life-years.21 It is therefore pu zzling to find U-shaped or J-shaped

relationships of mortalitywiththese two card iovascu larriskfactors,bu tthe similarpatterns of

resu lts in B iobankand the nationalhealthsu rveys su ggests thatthis is notau niqu e featu re of

eitherof these B ritishcohorts.

Specifically forcircu latory d isease mortality,FEV 1 and FV C were as strongly pred ictive as

bod y mass ind ex,and more strongly pred ictive than systolic blood pressu re.Therefore,

spirometrymayd eserve consid eration as an ad d ition to card iovascu larriskscoringalgorithms

in fu tu re.
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C onclu sion

M ore generally,these resu lts emphasise the potentialimportance of promotingand protecting

lu ng health in the generalpopu lation,even among lifelong non-smokers with no history of

respiratoryd isease.
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Figu re 1 title

H azard ratios ford eathfrom allcau ses,and from circu latoryd iseases,byqu artile of age-sex-

height-ad ju sted forced vitalcapacity(zFV C ),systolic blood pressu re (SB P )and bod ymass

ind ex (B M I)amongwhite lifelongnon-smokers aged 40-69 atentryin nationalhealth

su rveys (H SE and SH S)and in UK B iobank

Figu re 1 footnote

H azard ratios are ad ju sted forage,sex,height,socio-economic statu s,region and su rvey year.

The reference category(H R=1)is the highestqu artile (Q 4)forzFV C and the lowestqu artile

(Q 1)forSB P and B M I.W hiskers representthe 95% confid ence intervalforeachhazard ratio.

Figu re 1 data

Inclu d ed in su pplementary e-Table 7
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Figure 1 title: Hazard ratios for death from all causes, and from circulatory diseases, by quartile of age-sex-
height-adjusted forced vital capacity (zFVC), systolic blood pressure (SBP) and body mass index (BMI) 

among white lifelong non-smokers aged 40-69 at entry in national health surveys (HSE and SHS) and in UK 
Biobank.  

Figure 1 footnote: Hazard ratios are adjusted for age, sex, height, socio-economic status, region and survey 
year. The reference category (HR=1) is the highest quartile (Q4) for zFVC and the lowest quartile (Q1) for 

SBP and BMI. Whiskers represent the 95% confidence intervals for each hazard ratio.  
Figure 1 data: Included in supplementary e-Table 7.  
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2

e-Table 1 D escriptive characteristics of participants in the H ealthS u rveys forE ngland and S cottishH ealthS u rveys,and in UK B iobank

HSE-SHS age 40-69 at entry,
white ethnicity

HSE-SHS age 70+ at entry,
white ethnicity

UK Biobank age 40-69 at entry,
white ethnicity

Characteristic Smoking history Males Females Males Females Males Females

N u mberof su bjects N eversmokers 2343 4236 345 108 4 56924 92419
inclu d ed in C ox Formersmokers 3336 3243 7 53 67 6 8 9542 1020 8 5
regression mod els C u rrentsmokers 3430 3149 8 13 616 19909 18 605

M ean follow-u p N eversmokers 13.7 5 13.93 12.26 13.03 6.52 6.54
period (years) Formersmokers 14.41 14.35 12.8 7 13.8 4 6.46 6.50

C u rrentsmokers 14.46 14.11 13.39 13.52 6.47 6.54

A lld eaths N eversmokers 17 8 322 195 58 8 1143 1258
Formersmokers 7 58 455 107 2 8 11 27 14 17 14
C u rrentsmokers 7 32 539 406 260 1096 58 0

Respiratoryd eaths N eversmokers 13 21 30 8 8 41 28
Formersmokers 117 68 220 127 131 66
C u rrentsmokers 190 165 142 7 9 69 37

C ircu latoryd eaths N eversmokers 51 7 9 63 236 27 0 161
Formersmokers 27 2 118 415 330 668 192
C u rrentsmokers 255 125 126 8 6 27 8 8 8

C ancerd eaths N eversmokers 8 0 161 56 110 640 8 95
Formersmokers 290 219 28 3 165 1530 1232
C u rrentsmokers 28 3 249 132 65 555 38 2

O thernon-respiratory N eversmokers 37 68 50 158 192 17 4
d eaths Formersmokers 123 8 1 212 223 38 5 224

C u rrentsmokers 114 96 61 56 194 7 3

Page 29 of 39

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

3

e-Table 2 Relationshipof spirometric indices to mortalitybefore and after5years amongyou ngerand oldersu bjects,bysmokinghabit,
in the H ealthS u rveys forE ngland and S cottishH ealthS u rveys

HSE-SHS age 40-69 at entry, white ethnicity HSE-SHS age 70+ at entry, white ethnicity

Timing of death Smoking history Total N (deaths) zFEV1 HR (95%CI) zFVC HR (95%CI) Total N (deaths) zFEV1 HR (95%CI) zFVC HR (95%CI)

A lld eaths N eversmokers 657 9 (500) 1.17 (1.09-1.25) 1.19 (1.10-1.28 ) 1429 (7 8 3) 1.24 (1.17 -1.32) 1.22 (1.15-1.29)
Formersmokers 9403 (1212) 1.33 (1.28 -1.39) 1.31 (1.25-1.37 ) 308 3 (18 8 3) 1.23 (1.19-1.28 ) 1.20 (1.16-1.25)
C u rrentsmokers 6640 (127 1) 1.30 (1.24-1.35) 1.20 (1.15-1.26) 909 (666) 1.36 (1.28 -1.46) 1.23 (1.16-1.31)

D eaths within N eversmokers 657 9 (103) 1.35 (1.17 -1.56) 1.35 (1.16-1.57 ) 1429 (217 ) 1.37 (1.23-1.54) 1.38 (1.24-1.54)
5years Formersmokers 9403 (28 8 ) 1.43 (1.32-1.55) 1.49 (1.37 -1.63) 308 3 (590) 1.33 (1.25-1.41) 1.28 (1.20-1.36)

C u rrentsmokers 6640 (332) 1.31 (1.21-1.43) 1.24 (1.15-1.35) 909 (250) 1.33 (1.20-1.48 ) 1.19 (1.08 -1.32)

D eaths after N eversmokers 647 6 (397 ) 1.12 (1.03-1.21) 1.14 (1.05-1.24) 1212 (566) 1.19 (1.11-1.28 ) 1.15 (1.07 -1.24)
5years Formersmokers 9115 (924) 1.29 (1.23-1.36) 1.25 (1.19-1.32) 2493 (1293) 1.19 (1.14-1.24) 1.17 (1.12-1.22)

C u rrentsmokers 6308 (939) 1.29 (1.23-1.36) 1.18 (1.12-1.25) 659 (416) 1.38 (1.27 -1.50) 1.25 (1.15-1.36)

Spirometric ind ices (FEV 1,FV C and FEV 1/FV C ratio)are mod elled as z-scores d erived from the GlobalL u ngInitiative 2012 reference equ ations forwhites.
A llhazard ratios are expressed peru nitd ecrementin z-score,ad ju sted forage,sex,height,socio-economic statu s,geographicalregion and su rvey year.
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e-Table 3 Relationshipof spirometric indices to all-cau se mortalitybefore and after5years,amongmales and females,
and amongyou ngerand oldersu bjects,bysmokinghabit,in UK B iobank

Biobank age 40-69, white ethnicity, all usable spirograms
Subjects and
timing of death Smoking history Total N (deaths) zFEV1 HR (95%CI) zFVC HR (95%CI)

A llsu bjects, N eversmokers 149343 (1599) 1.23 (1.17 -1.28 ) 1.26 (1.20-1.32)
d eaths within Formersmokers 191627 (2998 ) 1.40 (1.36-1.45) 1.40 (1.35-1.45)
5years C u rrentsmokers 38 514 (1112) 1.39 (1.32-1.46) 1.29 (1.22-1.36)

A llsu bjects, N eversmokers 147 7 44 (8 02) 1.18 (1.11-1.26) 1.21 (1.13-1.29)
d eaths after Formersmokers 18 8 629 (1430) 1.33 (1.27 -1.39) 1.32 (1.25-1.38 )
5years C u rrentsmokers 37 402 (564) 1.37 (1.28 -1.47 ) 1.30 (1.20-1.40)

M ales, N eversmokers 56924 (1143) 1.24 (1.18 -1.31) 1.28 (1.21-1.35)
alld eaths Formersmokers 8 9542 (27 14) 1.39 (1.34-1.43) 1.39 (1.34-1.44)

C u rrentsmokers 19909 (1096) 1.36 (1.30-1.43) 1.27 (1.21-1.34)

Females, N eversmokers 92419 (1258 ) 1.18 (1.12-1.24) 1.20 (1.14-1.27 )
alld eaths Formersmokers 1020 8 5 (17 14) 1.37 (1.31-1.43) 1.34 (1.28 -1.40)

C u rrentsmokers 18 605 (58 0) 1.42 (1.33-1.52) 1.33 (1.23-1.43)

A ge 40-59 N eversmokers 9067 6 (8 7 2) 1.23 (1.16-1.31) 1.25 (1.17 -1.33)
atentry, Formersmokers 10117 1 (1161) 1.36 (1.29-1.43) 1.37 (1.30-1.45)
alld eaths C u rrentsmokers 2558 4 (692) 1.39 (1.31-1.48 ) 1.27 (1.19-1.36)

A ge 60-69 N eversmokers 58 667 (1529) 1.20 (1.15-1.26) 1.23 (1.18 -1.29)
atentry, Formersmokers 90456 (3267 ) 1.39 (1.35-1.43) 1.37 (1.33-1.42)
alld eaths C u rrentsmokers 12930 (98 4) 1.38 (1.31-1.45) 1.31 (1.24-1.39)

B M I<30kg/m2, N eversmokers 113932 (1628 ) 1.17 (1.11-1.22) 1.19 (1.14-1.25)
alld eaths Formersmokers 142418 (28 93) 1.35 (1.30-1.39) 1.32 (1.27 -1.37 )

C u rrentsmokers 29638 (1266) 1.37 (1.30-1.43) 1.27 (1.21-1.33)

B M I>30kg/m2, N eversmokers 33367 (696) 1.19 (1.11-1.27 ) 1.18 (1.10-1.27 )
alld eaths Formersmokers 46624 (1403) 1.36 (1.30-1.43) 1.37 (1.30-1.44)

C u rrentsmokers 8 326 (365) 1.49 (1.36-1.63) 1.44 (1.31-1.59)

Spirometric ind ices (FEV 1 and FV C )are mod elled as z-scores d erived from the GlobalL u ngInitiative 2012 reference equ ations forwhites.

A llhazard ratios are expressed peru nitd ecrementin z-score,ad ju sted forage,sex,height,socio-economic statu s and geographicalregion (recru itmentcentre).
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e-Table 4 C omparison of bestqu alityspirograms withallu sable spirograms to predictall-cau se and cau se-specific mortality,bysmokinghabit,
in UK B iobank

Biobank age 40-69, white ethnicity, best spirograms Biobank age 40-69, white ethnicity, usable spirograms

Cause of death Smoking history Total N (deaths) zFEV1 HR (95%CI) zFVC HR (95%CI) Total N (deaths) zFEV1 HR (95%CI) zFVC HR (95%CI)

A llcau ses N eversmokers 102945 (158 3) 1.23 (1.18 -1.29) 1.29 (1.23-1.35) 149343 (2401) 1.21 (1.17 -1.26) 1.24 (1.19-1.29)
Formersmokers 13417 3 (3043) 1.39 (1.35-1.44) 1.40 (1.35-1.45) 191627 (4428 ) 1.38 (1.35-1.42) 1.37 (1.33-1.41)
C u rrentsmokers 26105 (107 9) 1.39 (1.32-1.46) 1.30 (1.23-1.38 ) 38 514 (167 6) 1.38 (1.33-1.44) 1.29 (1.24-1.35)

Respiratory N eversmokers 102945 (48 ) 2.0 7 (1.63-2.62) 2.22 (1.7 6-2.8 0) 149343 (69) 1.8 6 (1.53-2.27 ) 2.15 (1.7 7 -2.61)
d iseases Formersmokers 13417 3 (140) 2.52 (2.20-2.8 8 ) 2.28 (1.98 -2.63) 191627 (197 ) 2.46 (2.20-2.7 6) 2.26 (2.01-2.54)

C u rrentsmokers 26105 (66) 2.93 (2.37 -3.62) 2.44 (1.99-3.00) 38 514 (106) 2.52 (2.15-2.96) 2.08 (1.7 6-2.45)

C ircu latory N eversmokers 102945 (269) 1.46 (1.31-1.62) 1.57 (1.41-1.7 6) 149343 (431) 1.41 (1.30-1.53) 1.47 (1.35-1.60)
d iseases Formersmokers 13417 3 (590) 1.56 (1.46-1.68 ) 1.66 (1.54-1.7 9) 191627 (8 60) 1.58 (1.49-1.67 ) 1.64 (1.54-1.7 4)

C u rrentsmokers 26105 (219) 1.43 (1.28 -1.60) 1.45 (1.28 -1.63) 38 514 (366) 1.41 (1.30-1.54) 1.38 (1.26-1.52)

C ancer N eversmokers 102945 (1023) 1.10 (1.04-1.16) 1.13 (1.07 -1.20) 149343 (1535) 1.08 (1.03-1.13) 1.10 (1.05-1.15)
Formersmokers 13417 3 (190 7 ) 1.27 (1.22-1.32) 1.25 (1.20-1.31) 191627 (27 62) 1.25 (1.21-1.30) 1.23 (1.18 -1.27 )
C u rrentsmokers 26105 (624) 1.27 (1.19-1.36) 1.18 (1.09-1.27 ) 38 514 (937 ) 1.28 (1.22-1.36) 1.20 (1.13-1.27 )

O thernon- N eversmokers 102945 (243) 1.44 (1.29-1.61) 1.51 (1.35-1.69) 149343 (366) 1.46 (1.33-1.59) 1.45 (1.32-1.59)
respiratory Formersmokers 13417 3 (406) 1.43 (1.31-1.56) 1.49 (1.36-1.63) 191627 (609) 1.41 (1.32-1.51) 1.43 (1.33-1.55)
d iseases C u rrentsmokers 26105 (17 0) 1.36 (1.20-1.55) 1.25 (1.08 -1.44) 38 514 (267 ) 1.36 (1.23-1.51) 1.25 (1.12-1.39)

Spirometric ind ices (FEV 1 and FV C )are mod elled as z-scores d erived from the GlobalL u ngInitiative 2012 reference equ ations forwhites.
A llhazard ratios are expressed peru nitd ecrementin z-score,ad ju sted forage,sex,height,socio-economic statu s and geographicalregion (recru itmentcentre).
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e-Table 5 Relationshipof spirometric indices to all-cau se and cau se-specific mortalityamongyou ngerand oldersu bjects,bysmokinghabit,
in the H ealthS u rveys forE ngland and S cottishH ealthS u rveys

HSE-SHS age 40-69 at entry, white ethnicity HSE-SHS age 70+ at entry, white ethnicity

Cause of death Smoking history Total N (deaths) zFEV1 HR (95%CI) zFVC HR (95%CI) Total N (deaths) zFEV1 HR (95%CI) zFVC HR (95%CI)

A llcau ses N eversmokers 657 9 (500) 1.17 (1.09-1.25) 1.19 (1.10-1.28 ) 1429 (7 8 3) 1.24 (1.17 -1.32) 1.22 (1.15-1.29)
Formersmokers 9403 (1212) 1.33 (1.28 -1.39) 1.31 (1.25-1.37 ) 308 3 (18 8 3) 1.23 (1.19-1.28 ) 1.20 (1.16-1.25)
C u rrentsmokers 6640 (127 1) 1.30 (1.24-1.35) 1.20 (1.15-1.26) 909 (666) 1.36 (1.28 -1.46) 1.23 (1.16-1.31)

Respiratory N eversmokers 657 9 (34) 1.7 2 (1.34-2.21) 1.61 (1.25-2.08 ) 1429 (118 ) 1.8 2 (1.54-2.14) 1.65 (1.41-1.93)
d iseases Formersmokers 9403 (18 5) 1.97 (1.7 7 -2.19) 1.7 1 (1.53-1.91) 308 3 (347 ) 1.65 (1.52-1.7 9) 1.46 (1.34-1.59)

C u rrentsmokers 6640 (355) 1.7 0 (1.56-1.8 4) 1.40 (1.29-1.52) 909 (221) 1.90 (1.69-2.13) 1.50 (1.34-1.67 )

C ircu latory N eversmokers 657 9 (130) 1.21 (1.06-1.38 ) 1.22 (1.06-1.40) 1429 (299) 1.26 (1.13-1.39) 1.28 (1.16-1.41)
d iseases Formersmokers 9403 (390) 1.37 (1.28 -1.48 ) 1.39 (1.28 -1.50) 308 3 (7 45) 1.20 (1.13-1.27 ) 1.22 (1.15-1.29)

C u rrentsmokers 6640 (38 0) 1.26 (1.17 -1.36) 1.22 (1.12-1.32) 909 (212) 1.21 (1.08 -1.35) 1.20 (1.07 -1.34)

C ancer N eversmokers 657 9 (241) 1.10 (1.00-1.22) 1.12 (1.01-1.24) 1429 (166) 1.08 (0.95-1.23) 1.09 (0.96-1.24)
Formersmokers 9403 (509) 1.18 (1.10-1.26) 1.14 (1.06-1.22) 308 3 (448 ) 1.19 (1.10-1.28 ) 1.14 (1.05-1.22)
C u rrentsmokers 6640 (532) 1.21 (1.13-1.29) 1.09 (1.02-1.17 ) 909 (197 ) 1.20 (1.07 -1.34) 1.08 (0.96-1.21)

O thernon- N eversmokers 657 9 (105) 1.15 (0.98 -1.34) 1.20 (1.03-1.41) 1429 (20 8 ) 1.11 (0.98 -1.25) 1.04 (0.92-1.17 )
respiratory Formersmokers 9403 (204) 1.22 (1.10-1.35) 1.32 (1.18 -1.48 ) 308 3 (435) 1.11 (1.03-1.20) 1.0 8 (1.00-1.17 )
d iseases C u rrentsmokers 6640 (210) 1.11 (1.00-1.24) 1.15 (1.03-1.28 ) 909 (117 ) 1.20 (1.03-1.40) 1.11 (0.95-1.29)

Spirometric ind ices (FEV 1 and FV C )are mod elled as z-scores d erived from the GlobalL u ngInitiative 2012 reference equ ations forwhites.
A llhazard ratios are expressed peru nitd ecrementin z-score,ad ju sted forage,sex,height,socio-economic statu s,geographicalregion and su rvey year.
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e-Table 6 S pirometric prediction of mortalityamongsu bjects withand withou tahistoryof selected diseases atentry,bysmokinghabit,in UK B iobank

Biobank age 40-69, white, no history of condition Biobank age 40-69, white, with history of condition
Condition and
cause of death Smoking history Total N (deaths) zFEV1 HR (95%CI) zFVC HR (95%CI) Total N (deaths) zFEV1 HR (95%CI) zFVC HR (95%CI)

Respiratory N eversmokers 1307 98 (208 1) 1.21 (1.16-1.26) 1.22 (1.17 -1.27 ) 18 545 (320) 1.23 (1.12-1.35) 1.33 (1.21-1.47 )
d isease atentry, Formersmokers 166259 (37 11) 1.36 (1.32-1.40) 1.34 (1.30-1.38 ) 25368 (7 17 ) 1.48 (1.39-1.57 ) 1.48 (1.39-1.58 )
alld eaths C u rrentsmokers 33491 (1352) 1.32 (1.26-1.38 ) 1.21 (1.15-1.27 ) 5023 (324) 1.53 (1.39-1.68 ) 1.48 (1.35-1.63)

C ircu latory N eversmokers 109141 (18 9) 1.40 (1.23-1.59) 1.40 (1.23-1.60) 40202 (242) 1.35 (1.20-1.51) 1.43 (1.27 -1.60)
d isease atentry, Formersmokers 131593 (28 1) 1.39 (1.26-1.54) 1.40 (1.26-1.57 ) 60034 (57 9) 1.59 (1.48 -1.7 0) 1.64 (1.52-1.7 7 )
circu latoryd eath C u rrentsmokers 27 8 43 (162) 1.32 (1.16-1.50) 1.29 (1.12-1.48 ) 1067 1 (204) 1.42 (1.26-1.59) 1.36 (1.20-1.54)

C anceratentry, N eversmokers 137 7 42 (97 8 ) 1.05 (0.99-1.11) 1.06 (1.00-1.12) 11601 (557 ) 1.10 (1.02-1.18 ) 1.13 (1.04-1.22)
cancerd eath Formersmokers 17 4917 (18 98 ) 1.21 (1.16-1.26) 1.18 (1.13-1.23) 167 10 (8 64) 1.32 (1.25-1.40) 1.30 (1.22-1.38 )

C u rrentsmokers 3557 3 (7 38 ) 1.29 (1.22-1.37 ) 1.18 (1.10-1.26) 2941 (199) 1.24 (1.11-1.39) 1.28 (1.12-1.45)

Spirometric ind ices (FEV 1 and FV C )are mod elled as z-scores d erived from the GlobalL u ngInitiative 2012 reference equ ations forwhites.
A llhazard ratios are expressed peru nitd ecrementin z-score,ad ju sted forage,sex,height,area-based socio-economic measu re and geographicalregion (recru itmentcentre)..
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e-Table 7 M ortalityfrom allcau ses,and from circu latorydiseases,byqu artile of systolic blood pressu re,bodymass index and
spirometric indices amongwhite lifelongnon-smokers aged 40-69 atentryin nationalhealthsu rveys (H S E and S H S )and in UK B iobank

All-cause mortality Circulatory mortality

Risk factor Quartile HSE-SHS HR (95%CI)
(based on 495 deaths)

Biobank HR (95%CI)
(based on 2319 deaths)

HSE-SHS HR (95%CI)
(based on 129 deaths)

Biobank HR (95%CI)
(based on 403 deaths)

SB P Q 1 (low) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Q 2 0.8 0 (0.59-1.09) 0.93 (0.8 2-1.05) 1.20 (0.59-2.42) 0.8 1 (0.58 -1.14)
Q 3 0.7 8 (0.58 -1.06) 0.8 9 (0.7 8 -1.01) 0.7 2 (0.34-1.50) 0.97 (0.7 1-1.34)
Q 4 (high) 1.12 (0.8 5-1.48 ) 0.99 (0.8 8 -1.12) 1.98 (1.05-3.7 2) 1.12 (0.8 2-1.51)

B M I Q 1 (low) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Q 2 0.99 (0.7 5-1.3) 0.90 (0.7 9-1.01) 1.05 (0.59-1.8 7 ) 1.0 8 (0.7 7 -1.51)
Q 3 1.05 (0.8 -1.37 ) 0.95 (0.8 4-1.08 ) 1.39 (0.8 0-2.42) 1.35 (0.97 -1.8 6)
Q 4 (high) 1.30 (1-1.68 ) 1.36 (1.21-1.53) 1.90 (1.13-3.22) 2.05 (1.51-2.7 9)

zFEV 1 Q 4 (high) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Q 3 0.95 (0.7 1-1.27 ) 1.12 (0.99-1.26) 1.7 3 (0.93-3.22) 0.97 (0.7 1-1.33)
Q 2 1.20 (0.91-1.58 ) 1.15 (1.01-1.30) 2.13 (1.16-3.8 9) 1.29 (0.96-1.7 3)
Q 1 (low) 1.56 (1.2-2.01) 1.60 (1.43-1.7 9) 2.24 (1.25-4.04) 1.99 (1.52-2.61)

zFV C Q 4 (high) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Q 3 1.01 (0.7 6-1.34) 1.05 (0.93-1.19) 1.38 (0.7 7 -2.46) 1.16 (0.8 5-1.60)
Q 2 1.20 (0.92-1.58 ) 1.25 (1.11-1.41) 1.7 4 (0.99-3.04) 1.62 (1.20-2.18 )
Q 1 (low) 1.66 (1.29-2.14) 1.62 (1.44-1.8 2) 1.98 (1.15-3.40) 2.19 (1.65-2.92)

Spirometric ind ices (FEV 1 and FV C )are mod elled as z-scores d erived from the GlobalL u ngInitiative 2012 reference equ ations forwhites.
A llhazard ratios are ad ju sted forage,sex,height,socio-economic statu s,geographicalregion and su rvey year.
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bmjopen-2016-015381 – Authors’ response to comments – Annex 3

Title Ventilatory function as a predictor of mortality in lifelong non-smokers:
evidence from large British cohort studies

Authors Ramyani P Gupta, MSc1, David P Strachan, MD1

STROBE Statement—Checklist of items that should be included in reports ofcohort studies

Item
No Recommendation

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the

abstract

“Cohort” included in the title

(b) Provide in the abstract an informative and balanced summary of whatwas done

and what was found. See page 3.

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported

Text (pages 5-6) explains the reason for focusing on lifelong non-smokers.

Objectives 3 State specific objectives, including any prespecified hypotheses. Text (p5) explains

the rationale for comparing findings from two longitudinal data sources.

Methods

Study design 4 Present key elements of study design early in the paper. The longitudinal potential

of each data source (national health surveys and UK Biobank) is introduced at the

start of the relevant section of the methods (textp6-7).

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment,

exposure, follow-up, and data collection. Separately specified for national health

surveys (p6) and UK Biobank (p7).

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of

participants. Describe methods of follow-up. Separately specified fornational

health surveys (p6) and UK Biobank (p7)

(b) For matched studies, give matching criteria and number of exposed and

unexposed. Not applicable.

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and

effect modifiers. Give diagnostic criteria, if applicable. Cause of death coding

(outcome) and spirometric assessment (main exposure of interest) are specified.

Potentially confounding covariates adjusted for in all models are described briefly

(p7-8). Effect modification is addressed by stratified analyses. All analyses are

restricted to participants of white ethnicity due to uncertainty about the most

appropriate method of adjustment of spirometry for age, sex and height in non-

whites, and the small and diverse nature of the minority ethnic groups in both data

sources.

Data sources/

measurement

8* For each variable of interest, give sources of data and details of methods of

assessment (measurement). Describe comparability of assessment methods if there

is more than one group. Spirometric methods are separately specified fornational

health surveys and UK Biobank (p6-7).
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Bias 9 Describe any efforts to address potential sources of bias. Possible lack of

generalisability in UK Biobank is dealt with by comparing results to national health

surveys which are more representative of the UK population. Possible influence of

spirogram quality is addressed by a supplementary analysis in UK Biobank,

restricting to better quality spirograms(p13-14). The major confounding effect of

active smoking is excluded by focusing on lifelong non-smokers in both cohorts.

However, findings for former and current smokers are shown in supplementary

tables(e-Tables 1-6)for completeness.

Study size 10 Explain how the study size was arrived at. This is a secondary analysis of national

surveys. Both data sources are of fixed size, determined by the original (baseline)

surveys which were not specifically designed to answer our study question. Thus,

the sample size was not determined by a statistical power calculation. However, we

note that both sources are larger than all previous studies of spirometry and survival

among lifelong non-smokers (see discussion, p19-20).

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable,

describe which groupings were chosen and why. The same method ofadjustment of

spirometric measures for age, sex and height was applied to both cohorts and this is

described in a specific section of the methods (p8).

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding

Modelling approaches are described in a subsection of the methods (p8-10).

(b) Describe any methods used to examine subgroups and interactions

Subgroups defined by time of death, cause of death, spirogram quality, age, sex,

and presence of respiratory disease, circulatory disease or cancer at baseline

examination are described in the results section (tables 1-3) and supplementary

tables.

(c) Explain how missing data were addressed

Response rates at the original (baseline) examination are specifiedin the methods

section (p6-7). We have no information on mortality rates among the non-

participants.

(d) If applicable, explain how loss to follow-up was addressed

Not addressed, as mortality ascertainment is complete in both data sources except

for participants who emigrate from the UK, which will be very few.

(e) Describe any sensitivity analyses. The comparison of findings between cohorts,

and the analysis of Biobank participants with better quality spirometry, attempt to

confirm the generalisability of key findings.The modelling assumption of

proportionality of hazards throughout the follow-up period is tested specifically in

each cohort and smoking subgroup (p12). Alternative approaches to pooling the

results from the five national health surveys were explored (see annex 2 in response

to reviewers and the text at p9).

Results

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially

eligible, examined for eligibility, confirmed eligible, included in the study,

completing follow-up, and analysed. Specified briefly for each data source in the

methods (p6-7).

(b) Give reasons for non-participation at each stage. No information is available on

reasons for non-participation. Non-participation in spirometry dueto ill-health can

be a potential source of bias. However, we were able to compare the mortality

experience of Biobank participants who performed higher and lowerquality

spirometry. This showed no substantial difference (results,p14).
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3

(c) Consider use of a flow diagram. Considered but not included for sake of brevity.

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and

information on exposures and potential confounders. References(8-16, p21-23) are

supplied to the baseline surveys on which this longitudinal follow-up were based.

(b) Indicate number of participants with missing data for each variable ofinterest.

Proportions of each cohort with usable spirometry are specified (p6-7).

(c) Summarise follow-up time (eg, average and total amount). Described in the

abstract and in the methods, separately for each data sourcesp6-7) and in

supplementary e-Table 1.

Outcome data 15* Report numbers of outcome events or summary measures over time.Numbers of

deaths from each cohort are summarised in the abstract and are specified in all

tables, along with the corresponding hazard ratio and the number of subjects

included in each model.

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and

their precision (eg, 95% confidence interval). Make clear which confounders were

adjusted for and why they were included. Each table lists the covariates included.

All results (hazard ratios) are presented with 95% confidence intervals. We do not

consider it appropriate to present unadjusted estimates, but when modelling FEV1

and FEV/FVC ratio jointly, we present results before and after inclusion of the

ratio, and similarly for FVC adjusted for FEV/FVC ratio. This is explained in the

methods (p9).

(b) Report category boundaries when continuous variables were categorized.Not

applicable to our tabulated analyses, which are presented perunit change in z-score.

(c) If relevant, consider translating estimates of relative risk into absolute risk for a

meaningful time period. We do not consider this to be relevant to our paper as the

periods of follow-up differ substantially between the cohorts andthe baseline

mortality risk varies considerably with age. Onpages 8-9we interpret hazard ratios

perz-score unitdecrement in lung function in terms of mortality change across a 4

unit range typical of the z-scores encountered in lifelong non-smokers.

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and

sensitivity analyses. Described in the results (especiallypages 15 and 17).

Supplementary tables include the corresponding results for former smokers and

current smokers.

Discussion

Key results 18 Summarise key results with reference to study objectives. Done -see pages 18-19.

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or

imprecision. Discuss both direction and magnitude of any potential bias.

Limitations and potential biases are evaluated in the discussion (p18-19).

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations,

multiplicity of analyses, results from similar studies, and other relevant evidence.

Results from previous studies of lifelong non-smokers are discussed(p19-20) and

spirometry as a predictor of mortality is set into context by comparison with

systolic blood pressure and body mass index (p21). The possibility that the

association with mortality represents a predictive relationship with case-fatality,

rather than disease incidence, is addressed in the discussion (p19,referring to

results in Biobank participants without disease at entry examination –table 3).

Generalisability 21 Discuss the generalisability (external validity) of the study results. One main

objective of this paper is to establish the generalisability of results (within the UK,

at least) by comparison of two complementary data sources.See p18-19.
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Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if

applicable, for the original study on which the present article is based. Seep22.
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