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External data linked to BRHS data 
 
1998 – 2000 
 
 
 
 
 
 
 
 

 

1. Air pollution exposure data 

     Nitrogen dioxide     (NO2) 

     Particulate Matter (PM10) 

 
2. Climate data 

 Temperature 

 Wind speed 

 Rainfall 

 Sunshine 

 Snow 

 Relative humidity 
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1. Air pollution exposure 

Description 
Air pollution exposure data was based on postcodes at Q20 (20‐year follow‐up) and Q30 (30‐year 

follow‐up) for BRHS participants. Data included particulate matter 10 (PM10) and nitrogen dioxide 

(NO2) based on national estimates. 

For Q20 (1998‐200), these were obtained for PM10 and NO2 exposure estimated for 1999 based on 

2001 models adjusted to 1999 concentrations using standard back extrapolation techniques 

(references below). The PM10 model was on a 100m grid and NO2 on 200m grids.   

For Q30, these were obtained for PM10 and NO2 exposures in 2009, extrapolated to 2011. 

 

The air pollution exposure estimation for the BRHS participants was carried out by John Gulliver & 

Daniela Fecht at the MRC‐PHE Centre for Environment & Health (http://www.environment-health.ac.uk/) 

in the Department of Epidemiology and Biostatistics, Imperial College in November 2014. 

 

Variable description units BRHS Variable name Data access 

Air pollution exposure data    

    Geocode: address location(X/Y)               X  Q20_airpol_x No 

    Geocode:  address location(X/Y)              Y  Q20_airpol_y No 

    Nitrogen dioxide     (NO2) µg/m3 Q20_NO2_99 Yes 

    Particulate Matter (PM10) µg/m3 Q20_PM10_99 Yes 

 
References: 
1) Gulliver J, de Hoogh K, Hansell A, Vienneau D. Development and back‐extrapolation of NO2 land 
use regression models for historic exposure assessment in Great Britain. Environ. Sci. Technol. 2013; 
47(14): 7804‐11  
2)Vienneau D, de Hoogh K, Beelen R, Fischer P, Hoek G, Briggs D. Comparison of land‐use regression 
models between Great Britain and the Netherlands. Atmos. Environ. 2010; 44: 688‐696 
3) Air pollution exposure estimation report by John Gulliver & Daniela Fecht  
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(3) Air pollution exposure estimation report by John Gulliver & Daniela Fecht: 

 

Air pollution exposure estimation for the British Regional Heart Study (BRHS) 

John Gulliver & Daniela Fecht 

Imperial College 

November 2014 

 

Summary 

Address locations of BRHS participants were attributed with modelled concentrations (µg/m3) of NO2 

and PM10 corresponding to the mid years of relevant examinations, i.e. 1999 and 2011, respectively. 

Baseline exposure estimates (i.e. concentrations) were made using models developed for the year 

2001 (Vienneau et al., 2010) by intersecting address locations with NO2 and PM10 concentration  

surfaces in a geographical information system (GIS). Following analysis of changes in air pollution 

measurements over time, using routine monitoring data from the Automatic Urban and Rural Network 

(AURN), we did not make adjustments to the 2001 modelled concentrations to estimate 1999 

exposures, but made adjustments using a method known as ‘differencing’ (Gulliver et al., 2013) to 

extrapolate 2001 modelled concentrations to estimate 2011 exposures.  

 

Geocoding 

We used QAS software to geocode the supplied 1999 and 2011 address lists. For both years, 96.5% of 

addresses were matched with ‘high confidence’ and retained for exposure assessment: 5668 records 

for 1999 and 3408 records for 2011. 

 

Air pollution models 

We used modelled surfaces of annual average air pollution concentrations (Vienneau, 2010) with 

coverage over the whole of Great Britain (GB) for NO2 and PM10, which were developed and validated 

against measured concentrations from the AURN (www.airquality.co.uk). There is an alternative 

(2009) model developed at Imperial only for NO2 (Gulliver et al., 2013), but we used the 2001 models 

as this was available for both NO2 and PM10 from the same year. Vienneau et al. (2010) used leave‐

one‐out‐cross‐validation (LOOCV) to evaluate 2001 models. For NO2 and PM10 values of R2 are 0.61 (p 

< .001) and 0.37 (p <.001), respectively, and values of Root Mean Square Error (RMSE) are 9.26 (µg/m3) 

and 4.10 (µg/m3), respectively. A moderate R2 for PM10 is typical in national scale models (Stedman, 

2005) as PM10 is largely a background air pollutant and exhibits low spatial variability compared, for 

example, to NO2. Values of RMSE for NO2 and PM10 are similar relative to the variance of measured 

concentrations. The models were applied to produce GB concentration surfaces with a spatial 

resolution of 100m x 100m (i.e. grid pixel).  

Extrapolation of modelled air pollution concentrations from 2001 to 1999 and 2001 to 2011 

We adopted a method, described in Gulliver et al. (2013), for forward (to 2011) and backward 

extrapolation (to 1999) of 2001 air pollution exposure estimates. The method compares the difference 

in rural background concentrations at concomitant sites from the source year (i.e. the year of the 

model, in this case 2001) and the target year(s) (i.e. 1999 and 2011 for exposure estimation). These 

absolute differences are then applied to extrapolate (i.e. increase/reduce) modelled concentrations 

from source year to target years.  
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We obtained data from the AURN on rural background concentrations of NO2 and PM10 for 1999, 2001 

and 2011. In GB, there are five and four concomitant sites for NO2 and PM10, respectively, for all years, 

and with sufficient data for extrapolation purposes (i.e. at least 50% of days operating within each 

year).  We used one site in Northern Ireland (Lough Navar) to represent background concentrations 

of PM10 in northern GB as there were no rural PM10 sites available in Scotland or the north of England. 

Table 1 shows average concentrations of NO2 and PM10 at rural background stations in each year and 

the difference in average concentrations between each pair of years. As concentrations from some 

measurement sites were rounded to the nearest whole number, and differences in average 

background concentrations were negligible between 2001 and 1999, we did not apply extrapolation 

(i.e. differencing) in exposure estimation for 1999. We applied a difference of ‐3 µg/m3 to all NO2 and 

PM10 exposure estimates from the 2001 models to forward extrapolate them for the 2011 situation.  

 

Table 1. Average rural background concentrations (µg/m3) of NO2 and PM10 for 1999, 2001 and 2011 

and absolute differences in concentrations between 2001 and target years. 

Pollutant N (sites) Measured rural background 
concentrations 

 Extrapolation (differencing) 

  1999 2001 2011 2001 to 1999  2001 to 2011 

NO2 5 13.4 13.6 10.3  0.2 ‐3.3 

PM10 4 17.0 16.6 13.4  ‐0.4 ‐3.2 

 

 

Relationship of air pollution concentrations over time 

Previous studies have shown that spatial contrasts in NO2 concentrations, especially, are remarkably 

consistent over time (Eeftens et al., 2011; Cesaroni et al., 2012; Gulliver et al., 2013). We compared 

data obtained from the AURN on concentrations of NO2 and PM10 from concomitant air pollution sites 

for 1999, 2001, and 2011. There are 36 and 22 concomitant roadside and background sites with 

measurement data for NO2 and PM10, respectively. Table 2 shows the relationship of measured air 

pollution concentrations between 1999 and 2001 and 2001 and 2011, for NO2 and PM10, including 

correlation (R2), RMSE and regression line fits. As Table 2 shows, correlation over time is very high 

except in the comparison of measured concentrations of PM10 between 2001 and 2011 where it is 

medium‐to‐high. Regression slopes are close to unity in all cases except, again, the comparison of 

2001 and 2011 PM10 concentrations.  

Table 2 also shows changes in values of RMSE (RMSEE) and the regression constant (CE) following 

forward extrapolation of 2001 measured concentrations to predict 2011 measured concentrations of 

NO2 and PM10. Figure 1 shows scatterplots comparing 2001 and 2011 measured concentrations before 

and after extrapolation. For both NO2 and PM10, there are lower values of RMSE and closer fits to unity 

(i.e. 1:1 lines shown in Figure 1) following extrapolation of concentrations using the differencing 

method. 
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Table 2. Relationship of NO2 and PM10 concentrations (µg/m3) over time at concomitant AURN sites. 

Pollutant N Predictor Dependent 
variable 

R2 RMSEM RMSEE Regression fit line p 

β CM CE 

NO2 36 2001 1999 0.94 5.40 ‐ 1.10 ‐2.01 ‐ .000 

 36 2001 2011 0.93 6.71 5.49 1.11 ‐8.67 ‐5.33 .000 

PM10 22 2001 1999 0.95 1.38 ‐ 0.99 0.80 ‐ .000 

 22 2001 2011 0.73 4.29 2.93 0.72 4.02 6.16 .000 

M2001 measured concentrations to predict 2011 measured concentrations. 

Eextrapolated 2001 measured concentrations to predict 2011 measured concentrations. 

 

 

Figure 1. Extrapolation of NO2 and PM10 concentrations from 2001 to 2011 using ‘differencing’ 

NO2: Measured 2001 versus measured 2011 
concentrations 

NO2: Extrapolated 2001 measured concentrations 
versus 2011 measured concentrations 

  
 

PM10: Measured 2001 versus measured 2011 
concentrations 

PM10: Extrapolated 2001 measured concentrations 
versus 2011 measured concentrations 
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Model Validation 

 

There were not enough concomitant air pollution sites over time that were used in the Vienneau et 

al. (2010) model validation to make a comparative evaluation of the performance of extrapolated 

modelled values of NO2 and PM10 in this study. For the 36 and 22 concomitant sites we compared 

modelled concentrations for the year 2001 with measured concentrations from 1999, and compared 

extrapolated modelled concentrations for the year 2001 with measured concentrations for 2011. For 

NO2, values of R2 and RMSE were 0.47 (p = .000) and 11.62 µg/m3 for 1999 and 0.65 (p = .000) and 

14.21 µg/m3 for 2011, respectively. For PM10, values of R2 and RMSE were 0.33 (p = .005) and 4.70 

µg/m3 for 1999 and 0.30 (p = .008) and 4.19 µg/m3 for 2011, respectively. The magnitude of change in 

R2 (i.e. up to 0.14 for NO2 and up to 0.07 for PM10) from the Vienneau et al (2010) model evaluation 

are to be expected given the relationship of measured concentrations of air pollutants over time 

(Table 2), but this is not a direct comparison.  

 

Exposure estimation 

We intersected the 2001 (n=5668) and 2011 (n=3408) address locations (X/Y) with each air pollution 

surface in a GIS to obtain NO2 and PM10 concentrations. We did not make adjustments to 2001 

modelled air pollution concentrations for the 1999 dataset. For 2011 we subtracted 3 µg/m3 from 

modelled concentrations of both NO2 and PM10. 
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2. Climate data 

Climate data was obtained from the UK Meteorological Office (www.metoffice.gov.uk) for physical 

1998‐2000 sample (20‐year follow‐up) of BRHS participants. Data was provided for the dates of the 

Q20 physical examination and the last 30 days before this date. Climate data was linked to each 

participant based on the date he was examined and the nearest weather station via the post code of 

the participant’s residence. 

References 

[1] Sartini C, Barry SJ, Wannamethee SG, Whincup PH, Lennon L, Ford I, et al. Effect of cold spells and 

their modifiers on cardiovascular disease events: Evidence from two prospective studies. Int J 

Cardiol. 2016;218:275‐83. 

[2] Sartini C, Barry SJ, Whincup PH, Wannamethee SG, Lowe GD, Jefferis BJ, et al. Relationship 

between outdoor temperature and cardiovascular disease risk factors in older people. Eur J Prev 

Cardiol. 2017;24(4):349‐56. 

[3] Sartini C, Morris RW, Whincup PH, Wannamethee SG, Ash S, Lennon L, et al. Association of 

Maximum Temperature With Sedentary Time in Older British Men. J Phys Act Health. 

2017;14(4):265‐9. 

 

Climate data (source: The UK Meteorological Office) 

Description  Units of 
measurement 

BRHS 
Variable 

name 

Data 
Access 

Date the Q20 physical examination took place  date Yes 

max temperature of the day  degrees Celsius tmax Yes 

min temperature of the day  degrees Celsius tmin Yes 

(max temp + min temp)/2 degrees Celsius tmean Yes 

average wind speed of the day  metres per second windspeed Yes 

total of daily rainfall mm rainfall Yes 

total of daily sunshine hours count sunshine Yes 

The total amount of snow that accumulates on the 
ground from hh 1 to 24  

mm snow Yes 

relative humidity  percent (0‐100) rh Yes 

 

Derived variables: lag variables data 

Several variables were derived to investigate the lagged effect of temperature. 
The suffix _L1, _L2, _L3, etc. was added to each of the variables’ names reported in the above table.  
 
For example: 

‐ tmean  Mean temperature 
‐ tmean_L1 Mean temperature at Lag 1 = Mean temperature of the day before 
‐ tmean_L0L1 Mean temperature at Lag 0‐1 =  (tmean+tmean_L1)/2 
‐ tmean_L0L6  Mean temperature at Lag 0‐6 =  (tmean+tmean_L1+…+tmean_L6)/7 

This procedure was repeated to generate lagged variables up to lag 30 
Same approach has been used for sunshine, rainfall, windspeed, and relative humidity (rh)  
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BRHS towns and stations map 

Figure 1 – United Kingdom map which indicates the 24 BRHS towns locations (black circles), and 35 
MET stations locations (red triangles)  

   

Town 
number 

BRHS town name + 
extra town of 
examination 

Weather Station 
associated with BRHS 

town Postcode1 

1 Harrogate Harrogate HG1 5JP 

2 Shrewsbury Shawbury SY3 6DU 

3 Lowestoft Lowestoft NR339LU 

4 Mansfield Nottingham Watnall  
5 Southport Crosby PR9 7EG 

6 Merthyr Tydfil Libanus CF481YE 

7 Guildford S Farnborough GU1 3JH 

8 Burnley Bingley BB114HP 

9 Newcastle-under-Lyne Keele ST5 6PS 

10 Exeter Dunkeswell EX4 7BW 

11 Dewsbury Bradford  
12 Falkirk Salsburgh FK2 7ES 

13 Ipswich Wattisham IP4 5PA 

14 Gloucester Little Rissington GL4 4BL 

15 Ayr Prestwick KA7 1UL 

16 Dunfermline Edinburgh KY120BL 

17 Darlington Leeming DL3 7SQ 

18 Carlisle Carlisle CA1 1DG 

19 Maidstone East Malling  
20 Grimsby Donna Nook DN312AE 

21 Bedford Bedford MK402TX 

22 Wigan Ringway WN6 7PD 

23 Scunthorpe Normanby Hall DN157AN 

24 Hartlepool Loftus TS268DB 

25 London (Hampstead) Hampstead NW3 2PF 

 

 

 


