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Abstract
Objectives To better understand the burden of air pollution on deaths, we examined the effects of air pollutants on years of life lost (YLL) in Beijing, China.
Design Retrospective regression analysis using daily time series. 
Setting 8 urban districts in Beijing, China.
Participants 80 515 deaths (48 802 male, 31 713 female) recorded by the Beijing death classification system during 2004-08. 
Main outcome measures Associations between daily YLL and ambient air pollutants (particulate matter with aerodynamic diameter <2.5 µm (PM2.5), PM10, SO2, and NO2), after adjusting for long term trends, seasonality, day of the week, and weather conditions. We also examined mortality risk related to air pollutants.
Results Mean concentrations of daily PM2.5, PM10, SO2 and NO2 were 105.1 μg/m3, 144.6 μg/m3, 48.6 μg/m3, and 64.2 μg/m3, respectively. All air pollutants had significant effects on years of life lost when we used single pollutant models. An interquartile range (IQR) increase in PM2.5, PM10, SO2, and NO2 was related to YLL increases of 15.8, 15.8, 16.2, and 15.1 years, respectively. The effects of air pollutants on YLL appeared acutely and lasted for two days (lag 0-1); these effects associated with an IQR increase in PM2.5 were greater in women than men (11.1 (95% confidence interval 4.7 to 17.5) v 4.7 (−2.9 to 12.3) YLL) and in people aged up to 65 years than those older than 65 years (12.0 (2.9 to 21) v 3.8 (−0.9 to 8.6) YLL). The mortality risk associated with an IQR increase in PM2.5 was greater for people older than 65 years (2.5% (95% confidence interval 0.6% to 4.5%) increase of mortality) than those aged up to 65 years (0.7% (−0.8% to 2.2%)).
Conclusions YLL provides a complementary measure for examining the effect of air pollutants on mortality. Increased YLL are associated with increased air pollution. This study highlights the need to reduce air pollution in Beijing, China, to protect the health of the population.

Introduction
The effects of air pollution on human health have recently attracted increasing concern in China, in part due to the increasing number of days with very high levels of air pollution.1 2 In most Chinese cities, concentrations of PM2.5 (particulate matter with aerodynamic diameter <2.5 µm) are still far above the level recommended by the World Health Organization’s guidelines on air quality (interim target 2 level) of 10 μg/m3 (annual average) and 25 μg/m3 (24 h average).3 For example, in 2004-08, mean daily PM2.5 concentration was 105 μg/m3 in Beijing. Beijing is experiencing increasing population density, car use, and expanded construction. It is surrounded by a heavy industrial region, which provides additional sources of air pollutants carried via air flow. Consequently, the ambient pollutant mixture is complex, with the potential for combined toxic effects from many constituents.
Reliable estimation of the burden of air pollution on health is essential to support evidence based government policy in this important public health area.4 5 Previous studies have examined the effects of air pollution on daily excess deaths or mortality risks using time series methods.6 7 Those studies focused on the number of deaths, but did not account for age at death, apart from broad age stratification. We argue that using the number of years of life lost (YLL) provides a complementary indicator to that of excess deaths, because it takes into account the life expectancy at death.8

Methods
Data collection
YLL data
This study was conducted in eight districts within the urban area of Beijing. Mortality data on non-accidental causes were obtained from the death classification system at the Beijing Public Security Bureau, between 1 January 2004 and 31 December 2008. These data comprised date of death, sex, and age. All deaths were registered residents of urban areas of Beijing city.
Chinese national life tables were obtained from WHO for the years 2000 and 2009 (web table S1).9 Life expectancies for 2004-08 were averaged from the years 2000 and 2009, as data were unavailable for 2004-08.
We calculated YLL for each death by matching age and sex to the life tables. Daily YLL were calculated by summing the YLL for all deaths on that day. We stratified the sums by sex and age group (≤65 and >65 years). The web appendix shows an example of this calculation.

Data on air pollution and weather conditions
PM2.5 was monitored at the main campus of Peking University, located in the urban centre.10 11 Details of the monitoring station are described elsewhere.12 The monitoring station is a few hundred metres away from major roads and about 20 m above ground level. The campus is primarily residential and commercial without industrial sources or agricultural activities. Spatial variability of PM2.5 mass and chemical composition is low across the urban area of Beijing (difference <10%). Additionally, average particle number and size distributions at this monitoring site and another regional site (50 km south of Peking University) were similar in the summer.13 Therefore, the monitoring site provided reliable estimates of pollutant levels for the urban area.12 We computed the daily average concentration from 24 h values.
We obtained daily data on particulate matter less than 10 μm in aerodynamic diameter (PM10), sulphur dioxide (SO2), and nitrogen dioxide (NO2) from the Beijing municipal environmental monitoring centre, which had eight fixed monitoring sites distributed in different part of the urban area.14 For each monitoring site, we calculated 24 h mean concentrations from non-missing data if at least 18 of 24 hourly concentrations of PM10, SO2, and NO2 were available.15 The daily mean concentrations of each air pollutant were calculated by averaging daily data over all monitoring sites.
We obtained meteorological data on daily mean temperature, relative humidity, and air pressure from the China meteorological system’s data sharing service. The monitoring station is located at Daxing district in southeast Beijing.


Data analysis
The daily YLL follows a normal distribution (web fig S1). We used daily YLL as dependent variable in a five year time series model, to examine its association with air pollutants. To control for long term trend and seasonality, we used a natural cubic spline with seven degrees of freedom per year for time. The day of week was controlled for as a categorical variable. To most effectively control for the potential effects of weather conditions on mortality, we used distributed lag non-linear models for temperature, relative humidity, and air pressure. A natural cubic spline with five degrees of freedom was used for temperature, relative humidity, and air pressure, and a natural cubic spline with four degrees of freedom for lag days (≤27 days). We used previous experience of similar analyses in selecting the above parameters.16 We validated the model fit by checking the residuals to ensure that seasonality and autocorrelation had been successfully removed.
Studies have shown that models of single day lags might underestimate the effect of air pollution on mortality,17 thus we used a moving average concentration over two days (lag 0-1) for our main analyses.18 We also examined the associations using a single day lag (from lag 0 to lag 3). For each pollutant, we fitted models of single pollutants and multiple pollutants models to assess the stability of the associations. In addition, we stratified analyses by sex and age (≤65 years and >65 years).
To examine the linearity of the associations between air pollutants and YLL, we used a natural cubic spline with four degrees of freedom for each air pollutant (lag 0-1 day) in single pollutant models. If the relations tended to be linear, we used a linear function; if not, we used a non-linear function with a natural cubic spline for air pollutants.
To compare the standard analysis of mortality and the analysis of YLL, we estimated the percentage change in daily mortality associated with changes in air pollutants. We used the same independent variables as the YLL model, but with daily count of deaths as the dependent variable following a Poisson distribution.
To check the adequacy of all models, we used an autocorrelation function to examine if the residuals were independent over time. R software was used to conduct statistical analyses.19 The dlnm package was used to perform distributed lag non-linear models.20 21


Results
The mean concentrations of daily PM2.5, PM10, SO2, and NO2 were 105.1 μg/m3, 144.6 μg/m3, 48.6 μg/m3, and 64.2 μg/m3, respectively (table 1⇓). Generally, PM2.5 and PM10 had positive correlations with all other pollutants and weather conditions, while mean temperature was negatively correlated with SO2 and NO2 (table 2⇓).
Table 1  Levels of daily air pollutants, mean temperature, relative humidity, mean air pressure, and YLL in Beijing, China, 2004-08
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Table 2   Spearman correlation between air pollutants and weather conditions in Beijing, China, during 2004–08
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YLL was higher for men than women, and higher for people aged up to 65 years than those older than 65 years. Daily death counts were higher for people older than 65 years than those aged up to 65 years (table 1). Both YLL and death counts had a seasonal trend (fig 1⇓). They were higher in the cold months (January, February, November, and December) than the hot months (May, June, July, August, and September).
[image: Figure1]

Fig 1 Boxplots of monthly YLL and death counts in Beijing, China, during 2004-08, according to sex and age
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The air pollutant-YLL associations tended to be linear (fig 2⇓); therefore, we subsequently used a linear function for air pollutants. The lag pattern was similar for YLL and mortality risk (fig 3⇓). The effects of air pollutants appeared acutely and lasted for two days. Similar lag patterns were examined for women, men, people aged up to 65 years and those older than 65 years (web figs S3-S6). Therefore, use of a two day moving average of air pollutants was sufficient to capture the short term effects of air pollutants on YLL and mortality risk.
[image: Figure2]

Fig 2 Association between air pollutants (lag 0-1 day) and YLL in Beijing China, during 2004-08. A natural cubic spline with four degrees of freedom for air pollutants was included in the single pollutant models, while controlling for seasonality, day of the week, temperature, relative humidity, and air pressure
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Fig 3 Association between increased interquartile range in air pollutants and YLL (top) and percentage increase of deaths (bottom) for non-accidental deaths using single pollutant models at different lag days, during 2004-08. Results were controlled for seasonality, day of the week, temperature, relative humidity, and air pressure. Interquartile ranges were 94 μg/m3 for PM2.5, 106 μg/m3 for PM10, 49 μg/m3 for SO2, and 30 μg/m3 for NO2
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For both YLL and mortality risk, single pollutant models produced the highest effect estimates (table 3⇓). For single pollutant models, an interquartile range increase in PM2.5 (94 μg/m3), PM10 (106 μg/m3), SO2 (49 μg/m3) and NO2 (30 μg/m3) was related to YLL increases of 15.8, 15.8, 16.2, and 15.1 years, respectively.
Table 3  Association between interquartile range increase in air pollutants (lag 0-1 day) and YLL and increase in deaths for non-accidental deaths using single, two, and three pollutant models during 2004-08
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The air pollutants-YLL associations differed by sex and age group (table 4⇓). Effect estimates of PM2.5 and PM10 on YLL were higher in women than men, with the opposite for SO2 and NO2. The effect estimates of air pollutants on YLL among people aged up to 65 years were significant and about twice those of people older than 65 years, although mortality risk was higher for older people than for those aged 65 years or younger.
Table 4  Association between interquartile range increase in air pollutants (lag 0-1 day) and YLL and increase in deaths for non-accidental deaths using single pollutant models during 2004-08, according to sex and age
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To check the robustness of our models, we performed several sensitivity analyses for associations between air pollution and YLL. All sensitivity analyses confirmed our approaches are valid (web appendix).

Discussion
Principal findings
All air pollutants had significant effects on YLL when using single pollutant models, but the effect estimates decreased when multiple pollutants were included in the models. Effects appeared acutely and lasted for two days (lag 0-1). The effects of air pollutants on YLL were higher in people aged up to 65 years than those older than 65 years, whereas these results were opposite for death counts.

Interpreting the findings
One crucial finding was that the estimated effects of air pollution were greater on the younger group of people than older group for YLL. The potential reason is that the measurement of YLL takes into account those conditions afflicting young people or children. Giving the same weight to deaths occurring at different ages could distort policy priorities and resource allocation.22 Most studies report that mortality risks related to air pollution are greater for older people than younger people.23 24 Our study suggests that focusing on death counts only could underestimate the burden of air pollution on young people.
Many studies have reported that the effects of air pollution on women are higher than men. Both biological and non-biological factors are associated with this difference. Women have smaller lungs and airway diameters. These might increase airway reactivity and exacerbate particulate deposition.25 Women and men have different socioeconomic status and stress experiences.26 27 Women also tend to spend more time outside because they are less likely to get full time jobs.28
Our results show that the harvesting effects existed only in older people and women for both YLL and mortality risk. Previous studies have confirmed this pattern.29 30 The public health significance of air pollution becomes smaller, if there is mortality displacement. However, we did not find harvesting effects in men or younger people.
All pollutants have considerable effects on YLL and mortality risk in Bejing, which implies that stricter standards should be in place for all air pollutants. When we used the two or three pollutant models, effects of air pollutants were reduced. These findings were consistent with previous studies,14 18 24 and may be caused by co-linearity between air pollutants, in turn caused by commonality of sources or photochemical interactions.

Meaning of the study
The findings strongly support the need for authorities to reduce air pollution in Beijing. Although the general population is increasingly concerning with air pollution, information is still limited. Real time data on PM2.5 have been available since 2012, after a public outcry about thick smog in China. Emergency response measures have been implemented on high smog days, including reducing industrial emissions, removing some government vehicles from the road, and halting outdoor activities for school children. The effective reduction in emissions during the 2008 Beijing Olympics demonstrates that it is possible to reduce air pollution in China.

Strengths and limitations of the study
Our study had some limitations. We used ambient pollutant concentrations as surrogates of individual exposure, which could result in measurement error. Because data were from only one city, it is difficult to generalise results to other cities. We did not control for smoking or for prevalence of chronic obstructive pulmonary disease related to smoking, because this information was unavailable. However, we assume that our results would have been little affected because the effects are short term and the time series method controls for long term and fixed term factors, such as smoking and obesity. The distribution of such fixed factors does not vary from day to day, and thus they are not associated with air pollution levels.31
This study also had some strengths. It examined the burden of air pollutants on YLL in China. Compared with mortality risk that weighs all deaths equally, YLL is a more informative indicator for quantifying premature deaths. Our findings are important in developing public policy, determining appropriate interventions to manage risk, and promoting capacity building for local responses to air pollution.

Conclusions
This study highlights the effects of exposure to air pollution on YLL and mortality risks in Beijing, China. Our findings support the need to reduce the high levels of air pollution in Beijing, China. YLL can be used as a complementary indicator for assessing the effect of air pollutants on mortality.
What is already known on this topic
	Air pollution increases the risk of mortality, and is a serious problem in Beijing, China

	However, no study has examined the burden of air pollution in terms of years of life lost, which combines the counts of deaths with life expectancy



What this study adds
	Between 2004 and 2008, all air pollutants (PM2.5, PM10, SO2, and NO2) had significant effects on years of life lost in Beijing; the effects of air pollutants on years of life lost appeared acutely and only lasted for two days (lag 0-1)

	People aged up to 65 years were more affected by air pollutants than those older than 65 years for years of life lost, while the mortality risk was higher for those older than 65 years than those aged up to 65 years

	Years of life lost is more informative for quantifying premature deaths than mortality risk, which weighs all deaths equally






Notes
Cite this as: BMJ 2013;347:f7139

Footnotes
	We thank the Beijing Municipal Environmental Monitoring Centre for providing air pollution data (PM10, SO2, and NO2), China Meteorological Data Sharing Service System for providing meteorology data, and Beijing Public Security Bureau for providing mortality data

	Contributors: YG and GW were involved in the design of the study. YG, SL, ZT, and XP prepared and cleaned the data. YG did the statistical analysis and wrote the first draft. SL, ZT, XP, JZ, and GW helped revise the paper. YG and GW are the guarantors for the study. YG, ZT, and XP had full access to all of the data in the study and take responsibility for the integrity of the data and the accuracy of the data analysis.

	Funding: This study is funded by the National Natural Science Foundation of China (#81172745), and the Australia National Health and Medical Research Council (#APP1030259).

	Competing interests: All authors have completed the ICMJE uniform disclosure form at www.icmje.org/coi_disclosure.pdf and declare: support from the National Natural Science Foundation of China and the Australia National Health and Medical Research Council for the submitted work; YG is supported by the Centre for Air Quality and Health Research and Evaluation and the University of Queensland School of Population Health; no other relationships or activities that could appear to have influenced the submitted work.

	Ethical approval: This study was approved by the University of Queensland’s behaviour and social sciences ethical review committee (2013000739).

	Data sharing: Data on life expectancy and an example dataset showing how to calculate years of life lost are available in the web appendix. Statistical codes are available from the corresponding author at y.guo1{at}uq.edu.au.

	The lead authors affirm that the manuscript is an honest, accurate, and transparent account of the study being reported; that no important aspects of the study have been omitted; and that any discrepancies from the study as planned (and, if relevant, registered) have been explained.



This is an Open Access article distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 3.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See:  http://creativecommons.org/licenses/by-nc/3.0/.

References
	↵Chan CK, Yao X. Air pollution in mega cities in China. Atmos Environ2008;42:1-42.
OpenUrlCrossRefWeb of Science


	↵Ouyang Y. China wakes up to the crisis of air pollution. Lancet Resp Med2013;1:12.
OpenUrlCrossRef


	↵World Health Organization. WHO air quality guidelines for particulate matter, ozone, nitrogen dioxide and sulfur dioxide. Global update 2005, summary of risk assessment. WHO, 2006.



	↵Lim SS, Vos T, Flaxman AD, Dannaei G, Shibuya K, Adair-Rohani H, et al. A comparative risk assessment of burden of disease and injury attributable to 67 risk factors and risk factor clusters in 21 regions, 1990-2010: a systematic analysis for the Global Burden of Disease Study 2010. Lancet2013;380:2224-60.
OpenUrlWeb of Science


	↵Johnston FH, Hanigan IC, Henderson SB, Morgan GG. Evaluation of interventions to reduce air pollution from biomass smoke on mortality in Launceston, Australia: retrospective analysis of daily mortality, 1994-2007. BMJ2013;346:e8446.
OpenUrlAbstract/FREE Full Text


	↵Samet JM, Dominic F, Curriero FC, Coursac I, Zeger SL. Fine particulate air pollution and mortality in 20 US cities, 1987-1994. N Engl J Med2000;343:1742-9.
OpenUrlCrossRefPubMedWeb of Science


	↵Anderson HR, Ponce dLA, Bland JM, Bower JS, Strachan DP. Air pollution and daily mortality in London: 1987-92. BMJ1996;312:665-9.
OpenUrlAbstract/FREE Full Text


	↵Röösli M, Künzli N, Braun-Fahrländer C, Egger M. Years of life lost attributable to air pollution in Switzerland: dynamic exposure-response model. Int J Epidemiol2005;34:1029-35.
OpenUrlAbstract/FREE Full Text


	↵World Health Organization. Life tables for WHO member states. 2010.  www.who.int/gho/countries/chn/en/.



	↵Liu L, Breitner S, Schneider A, Cyrys J, Brüske I, Franck U, et al. Size-fractioned particulate air pollution and cardiovascular emergency room visits in Beijing, China. Environ Res2013;121:52-63.
OpenUrlCrossRefWeb of Science


	↵Leitte AM, Schlink U, Herbarth O, Wiedensohler A, Pan XC, Hu M, et al. Size-segregated particle number concentrations and respiratory emergency room visits in Beijing, China. Environ Health Perspect2011;119:508-13.
OpenUrlCrossRefPubMedWeb of Science


	↵Wehner B, Wiedensohler A, Tuch T, Wu ZJ, Hu M, Slanina J, et al. Variability of the aerosol number size distribution in Beijing, China: new particle formation, dust storms, and high continental background. Geophys Res Lett2004;31:1-4.
OpenUrlGeoRefWeb of Science


	↵Yue D, Hu M, Wu Z,Wang Z, Guo S, Wehner B, et al. Characteristics of aerosol size distributions and new particle formation in the summer in Beijing. J Geophys Res2009;114:1-13.
OpenUrl


	↵Guo Y, Jia Y, Pan X, Liu L, Wichmann HE. The association between fine particulate air pollution and hospital emergency room visits for cardiovascular diseases in Beijing, China. Sci Total Environ2009;407:4826-30.
OpenUrlCrossRefPubMedWeb of Science


	↵Qiu H, Yu IT, Wang X, Tian L, Tse LA, Wong TW, et al. Differential effects of fine and coarse particles on daily emergency cardiovascular hospitalizations in Hong Kong. Atmos Environ2013;64:296-302.
OpenUrlCrossRefWeb of Science


	↵Guo Y, Barnett AG, Pan X, Yu W, Tong S. The impact of temperature on mortality in Tianjin, China: a case-crossover design with a distributed lag nonlinear model. Environ Health Perspect2011;119:1719-25.
OpenUrlCrossRefPubMedWeb of Science


	↵Bell ML, Samet JM, Dominici F. Time-series studies of particulate matter. Annu Rev Public Health2004;25:247-80.
OpenUrlCrossRefPubMedWeb of Science


	↵Chen R, Kan H, Chen B, Huang W, Bai Z, Song G, et al. Association of particulate air pollution with daily mortality: the China air pollution and health effects study. Am J Epidemiol2012;175:1173-81.
OpenUrlAbstract/FREE Full Text


	↵R: A language and environment for statistical computing program. R Foundation for Statistical Computing, 2010.



	↵Gasparrini A. Distributed lag linear and non-linear models in R: the package dlnm. J Stat Softw2011;43:1-17.
OpenUrlPubMed


	↵Gasparrini A, Armstrong B, Kenward M. Distributed lag non-linear models. Stat Med2010;29:2224-34.
OpenUrlCrossRefPubMed


	↵Lopez AD, Mathers CD, Ezzati M, Jamison DT, Murray CJL. Global burden of disease and risk factors: Oxford University Press, 2006.



	↵Kan H, London SJ, Chen G, Zhang Y, Song G, Zhao N, et al. Season, sex, age, and education as modifiers of the effects of outdoor air pollution on daily mortality in Shanghai, China: the public health and air pollution in Asia (PAPA) Study. Environ Health Perspect2008;116:1183-8.
OpenUrlCrossRefPubMedWeb of Science


	↵Chen R, Huang W, Wong CM, Wang Z, Thach TQ, Chen B, et al. Short-term exposure to sulfur dioxide and daily mortality in 17 Chinese cities: The China air pollution and health effects study (CAPES). Environ Res2012;118:101-6.
OpenUrlCrossRefPubMedWeb of Science


	↵Bennett WD, Zeman KL, Kim C. Variability of fine particle deposition in healthy adults: effect of age and gender. Am J Respir Crit Care Med1996;153:1641-7.
OpenUrlCrossRefPubMedWeb of Science


	↵Davis MC, Matthews KA, Twamley EW. Is life more difficult on Mars or Venus? A meta-analytic review of sex differences in major and minor life events. Ann Behav Med1999;21:83-97.
OpenUrlCrossRefPubMedWeb of Science


	↵Seeman TE, Singer BH, Ryff CD, Dienberg LG, Levy-Stroms L. Social relationships, gender, and allostatic load across two age cohorts. Psychosom Med2002;64:395-406.
OpenUrlAbstract/FREE Full Text


	↵Wen M, Kandula NR, Lauderdale DS. Walking for transportation or leisure: what difference does the neighborhood make? J Gen Intern Med2007;22:1674-80.
OpenUrlCrossRefPubMedWeb of Science


	↵Schwartz J. Harvesting and long term exposure effects in the relation between air pollution and mortality. Am J Epidemiol2000;151:440-8.
OpenUrlAbstract/FREE Full Text


	↵Zanobetti A, Schwartz J, Samoli E, Gryparis A, Touloumi G, Peacock J, et al. The temporal pattern of respiratory and heart disease mortality in response to air pollution. Environ Health Perspect2003;111:1188-93.
OpenUrlCrossRefPubMedWeb of Science


	↵Bhaskaran K, Gasparrini A, Hajat S, Smeeth L, Armstrong B. Time series regression studies in environmental epidemiology. Int J Epidemiol2013;42:1187-95.
OpenUrlAbstract/FREE Full Text






View Abstract
  


  
  



  





  


  
  

        
      

  

  
  
  
     
  
      
  
  
     Back to top  


  
  

 

  

   



 
  

                
                            

        

        
                    
                
                    
                          
    

      
  
  
    
      
  
        
      Follow us on    

    
  
  
    
  	Twitter
	Facebook
	YouTube
	RSS



  


  
  

    

    
      
        
          
  
        
      Content links    

    
  
  
    
  	Collections
	Health in South Asia
	Women’s, children’s & adolescents’ health
	Zika virus
	Research
	Education
	News and views
	BMJ Opinion
	Rapid responses
	Archive



  


  
  

        

        
          
  
        
      About us    

    
  
  
    
  	About us
	Editorial staff
	BMJ in the USA
	BMJ in South Asia
	Advisers
	Policies
	Submit your paper



  


  
  

        

        
          
  
        
      Resources    

    
  
  
    
  	Authors
	Reviewers
	BMA members
	Readers
	Subscribers
	Advertisers and sponsors
	Media
	Recruiters



  


  
  

        

        
          
  
        
      Explore BMJ    

    
  
  
    
  	Our company
	BMJ Careers
	BMJ Learning
	BMJ Masterclasses
	BMJ Journals
	BMJ Student
	Academic edition of The BMJ
	BMJ Best Practice
	The BMJ Awards



  


  
  

        

        
          
  
        
      My account    

    
  
  
    
  	Email alerts
	Activate subscription



  


  
  

        

        
          
  
        
      Information    

    
  
  
    
  	Contact us
	Complaints



  


  
  

        

      

    

  


  
    
      
  
      
  
  
    
  	Cookie settings
	Cookie Policy
	Privacy policy
	Website T&Cs
	Revenue Sources
	HighWire Press
	Sitemap



  


  
  



  
      
  
  
    
Copyright © 2024 BMJ Publishing Group Ltd

  


  
  

    

  





 
  

                     
                

            

        
        
    
 

 
  









  



[image: ]




  
  
