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A B S T R A C T   

Background: Idiopathic pulmonary fibrosis (IPF) is a progressive condition associated with a variable prognosis. 
The relationship between socioeconomic status or distance travelled to respiratory clinics and prognosis is 
unclear. 
Research question: To determine whether socioeconomic status, distance to hospital and time to referral affects 
survival in patients with IPF. 
Study design and methods: In this retrospective cohort study, we used data collected from the British Thoracic 
Society Interstitial Lung Diseases Registry, between 2013 and 2021 (n = 2359) and calculated the quintile of 
Index of Multiple Deprivation 2019 score, time from initial symptoms to hospital attendance and distance as the 
linear distance between hospital and home post codes. Survival was assessed using Cox proportional hazards 
models. 
Results: There was a significant association between increasing quintile of deprivation and duration of symptoms 
prior to hospital presentation, Gender Age Physiology (GAP) index and receipt of supplemental oxygen and 
antifibrotic therapies at presentation. The most deprived patients had worse overall survival compared to least 
deprived after adjusting for smoking status, GAP index, distance to hospital and time to referral (HR = 1.39 
[1.11, 1.73]; p = 0.003). Patients living furthest from a respiratory clinic also had worse survival compared to 
those living closest (HR = 1.29 [1.01, 1.64]; p = 0.041). 
Interpretation: The most deprived patients with IPF have more severe disease at presentation and worse outcomes. 
Living far from hospital was also associated with poor outcomes. This suggests inequalities in access to 
healthcare and requires consideration in delivering effective and equitable care to patients with IPF.   

1. Introduction 

Idiopathic pulmonary fibrosis (IPF), a chronic progressive scarring 
lung disease, has a worldwide prevalence of between 0.3 and 4.5 per 
10,000, and it is estimated that 32,500 people live with IPF in the UK [1, 
2]. Treatment options are limited but include antifibrotic therapy, ox-
ygen and pulmonary rehabilitation [3–5] and survival remains poor 
with a median survival of 5.7 years [6]. This is variable with prognosis 
related to numerous factors including age, gender, lung function 

(captured in the Gender, Age and Physiology [GAP] index), hospital-
isation, and pulmonary hypertension [7–9]. 

Socioeconomic status (SES) is an important independent determi-
nant of health outcomes. It is defined as an individual’s or group’s social 
or economic standing, or positioning on the socioeconomic scale, and 
comprises characteristics including income, education, occupation and 
place of residence [10]. The relationship of disadvantaged SES to poor 
health outcomes in respiratory disease is recognised [11–13]. Likewise, 
the distance patients travel to attend hospital has a negative influence on 
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health outcomes. A cohort study (n = 129) demonstrated that people 
with chronic obstructive pulmonary disease living in isolated rural areas 
have worse survival than those living in urban areas [14]. 

There are limited robust data on the effect of SES on interstitial lung 
disease (ILD) outcomes and care, especially in universal healthcare 
systems. The most disadvantaged people with progressive pulmonary 
fibrosis living in the USA, but not Canada, have a higher mortality rate 
with a hazard ratio of 1.51, with similar findings in the IPF cohort (n =
1606) [15]. This is in contrast to data from the multi-centre US Idio-
pathic Pulmonary Fibrosis Prospective Outcomes (IPF-PRO) Registry 
which did not show that income was associated with death, but higher 
income was related to the chance of receiving a lung transplant, in 955 
patients [16]. Rural patients with IPF, from the University of California, 
San Francisco ILD Cohort (n = 843), were more breathless, had more 
oxygen use and lower lung function when presenting to ILD speciality 
care compared to urban patients but there was no significant difference 
in survival between rural and urban patients [17]. The French COFI 
Registry, which captured city level scoring of SES, reported that, 
although there was no difference in survival, those with lower incomes 
(n = 50) had worse progression free survival (11.6 vs. 16.0 months) than 
those with higher incomes (n = 150) [18]. In terms of travelling dis-
tance, the IPF-PRO Registry reported this had a weak association to 
death over a 2-year period [16]. Patients with fibrotic ILD living more 
than 70 km away from a specialist centre had 50 % increase in risk of 
having a transplant or dying (hazard ratio [HR]: 1.52; 95 % confidence 
interval [CI], 1.10–2.11) [19]. These studies do not examine process, 
have small sample sizes, are single centre studies or do not adjust 
adequately for potential confounders. 

The British Thoracic Society (BTS) ILD Registry is an ethically 
approved disease specific registry capturing data from people with IPF 
(and sarcoidosis) regarding demographics, referral patterns, treatment, 
and outcomes [20]. IPF is confirmed following local multidisciplinary 
team meeting according to contemporaneous international guidelines 
[21,22]. Contribution is voluntary but participants are required to 
provide written informed consent prior to doing so. Although the reg-
istry is open to all hospitals in the UK, only the specialist centres in the 
UK are expected to contribute patients and as such much of the data 
reflects tertiary care. The aim of our study was to determine whether SES 
and distance patients live from their specialist hospital affects survival 
outcomes (Overall Survival and Progression Free Survival) in patients 
with IPF using data from the BTS ILD registry. Secondary aims are to 
estimate the relationship between SES and distance with baseline de-
mographics, lung function, time to referral and provision of IPF care. 

2. Methods 

2.1. Ethics 

This is a retrospective cohort study of people with IPF in England. 
Data were obtained from the BTS ILD Registry, following review and 
approval by the BTS Information Governance Committee, and data 
sharing agreements on July 9, 2021 (reference 007/21). The dataset 
collected for the BTSILD Registry programme was granted ethical 
approval for epidemiological research by the NRES Committee East of 
England in 2012 (17/EE/0346) and this was renewed in October 2017 
[23]. The University of East Anglia Faculty of Medicine and Health 
Sciences Research Ethics Committee (UEA FMH REC) also approved this 
study (Application ID: ETH2122-0797). 

2.2. Patients 

All patients were diagnosed with IPF, following multidisciplinary 
team meeting, according to contemporaneous international guidelines. 
Patients were confined to those living in England due to the small 
number of individuals from other devolved nations and the differences 
in the definition of SES throughout the UK. Patients with missing 

demographic, baseline lung function data and those whose Index of 
Multiple Deprivation (IMD) score and distance travelled to respiratory 
clinic could not be defined were excluded. 

2.3. Dataset 

Data were available from February 2013 until June 2021. Duration 
of symptoms prior to first review in respiratory clinic was recorded in a 
categorical manner: no symptoms, less than 6 months, 6–12 months, 
12–24 months or more than 24 months. Provision of oxygen and pul-
monary rehabilitation are recorded as “referred or receiving”, “patient 
declined”, “patient not suitable”, “not required” or “not assessed” in the 
BTS ILD Registry. Reasons for not starting antifibrotic therapy were 
scored as “not meeting prescribing criteria”, “patient choice”, “renal 
impairment”, “liver impairment”, “decision deferred by patient”, or 
“other” in the BTS ILD Registry. For the purposes of the analysis, “pa-
tient-related reasons” for not starting antifibrotic therapy were taken as 
either of “patient choice” or “patient wants to consider options” re-
sponses from the BTS ILD Registry and “clinical-related reasons” were 
taken as the sum of “not meeting prescribing criteria”, “renal impair-
ment” and “liver impairment”. Time to diagnosis was calculated as the 
date of onset of symptoms (above) to date of multidisciplinary team 
meeting. Lung function was obtained from hospital lung function labo-
ratories at the time of first review at the respiratory clinic with percent 
predicted obtained from local algorithms. Data were stored in password 
protected files on secure servers within Norfolk and Norwich University 
Hospital and University of East Anglia. Access to the data was limited to 
the research team. 

2.4. Outcomes 

The primary outcome was overall survival defined as time from date 
of diagnosis to death from any cause. Clinical service-related outcomes 
include time to diagnosis and provision of healthcare resources (oxygen 
therapy, pulmonary rehabilitation and anti-fibrotic therapy). Patient- 
related outcomes included demographic characteristics such as age, 
sex, smoking status, comorbidities and uptake of therapies. 

2.5. Exposures 

The primary exposures of interest in our study was social deprivation 
as measured by the Index of Multiple Deprivation (IMD) 2019), time to 
referral and distance from home to respiratory clinic. The IMD 2019 (htt 
ps://www.gov.uk/government/statistics/english-indices-of-deprivat 
ion-2019) encompasses seven main types of deprivation: “income, 
employment, education, health, crime, access to housing and services, 
and living environment” and is determined at neighbourhood level. 
Patients were categorised into 5 groups based on UK population level 
quintiles, as population-based quintiles are available and permits 
external comparison. Time was defined as duration of symptoms prior to 
attendance at clinic and was treated as a categorial variable: no symp-
toms, less than 6 months, 6–12 months, 12–24 months or more than 24 
months. The distance from home to hospital was calculated as the linear 
distance between the respective postcodes using this tool: https://www. 
freemaptools.com/distance-between-uk-postcodes.htm. 

2.6. Statistical analysis 

A comparison of demographic and clinical characteristics was made 
across the deprivation quintiles. A test-for-trend across deprivation 
quintiles was performed using Pearson’s correlation between age, 
percent predicted forced vital capacity (FVC), percent predicted 
diffusing coefficient for carbon monoxide (DLCO) and the deprivation 
quintiles. For comorbidities and other binary variables, the chi-squared 
test for trend was conducted. The association between deprivation 
quintiles and distance quintiles at baseline was based on a linear-by- 
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linear test. 
The association between the baseline characteristics and time-to- 

death was undertaken using Cox-Proportional Hazards regression 
models, including a random-effect term by hospital to account for po-
tential different survival rates between hospitals. As standard for sur-
vival analysis model a gamma distribution was assumed for the random 
effect. The reference levels were those least deprived, shortest time to 
referral and closest to hospital. Individuals were followed up until death, 
however individuals were censored at the last lung function test. First, 
an unadjusted association was estimated for each factor. Then to remove 
potential confounding an adjusted analysis (adjusting for GAP score [7] 
classified according to GAP staging (0–3; 4 to 5; and 6 to 8), IMD 
quintile, distance quintile, time and smoking status) was estimated. In 
order to assess if there was an interaction between deprivation and 
distance an additional term for individuals most deprived and further 
away was included in a sensitivity model. The corresponding hazard 
ratios and 95 % confidence intervals are presented. The characteristics 
of patients who had versus those who did not have a follow-up data were 
compared using a linear test for trend for socioeconomic status quintile 
and time to referral and T-test for distance travelled. All significance 
tests were carried out at 5 % two-sided level of significance. Analysis 
was done using STATA 18.0. 

3. Results 

A total of 3398 patients from the BTS ILD Registry had sufficient 
baseline data available for inclusion in the analyses. However, patients 
from Scotland (n = 50), Wales (n = 27) and Northern Ireland (n = 55) 
were excluded, along with those with an unrecorded nation (n = 9), 

because of small numbers and the differences in calculating deprivation 
between the devolved nations. Patients were also excluded if baseline 
forced vital capacity (missing n = 698) or demographics (n = 4) were 
missing or if IMD (n = 63), distance travelled to hospital (n = 18), or 
time to referral (n = 115) was not attainable/matched for a patient. 

A total of 2359 patients were included in the baseline analysis 
(Table 1) with a mean (standard deviation) age of 74 [8] years and a 
male predominance (79.5 %). A significant percentage of patients from 
the most deprived quintile (IMD quintile 1) were either current smokers 
or ex-smokers (73 %) compared to patients who were in the least 
deprived quintile (66 %). Cardiovascular comorbidities were similar 
between the deprivation quintiles (Table 1). 

There was a significant difference in the baseline lung function, with 
lower lung function in the most deprived IMD quintile. Those in the most 
deprived quintile had a higher GAP index (Table 1). In keeping with 
more severe disease in the most deprived quintile; a higher percentage in 
this group required supplemental oxygen therapy (Table 2). A higher 
proportion of patients in the most deprived quintile were referred to 
pulmonary rehabilitation (69 %) or were prescribed antifibrotic therapy 
(93 %) compared to the least deprived (46 % and 78 % respectively). 

More patients in the most deprived IMD quintile presented more than 
two years after the onset of symptoms (42 %) compared to the least 
deprived quintile (36 %). Furthermore, fewer patients in the most 
deprived quintile were seen within six months. Those most deprived 
lived closer to the hospital than those least deprived (Table 1). 

A total of 1380 patients had follow-up data available with a median 
length of follow up of 28 months (range 1–129 months). Of those 875 
(63.4 %) died during follow-up. The median baseline values for those 
who had follow-up data versus those without follow-up data for 

Table 1 
Comparison of demographic and clinical characteristics of IPF patients by IMD quintile.  

Characteristicsa No. (%) 

Q1 (Most deprived) Q2 Q3 Q4 Q5 (Least deprived) Total P 

N 469 389 447 510 544 2359 

Age, mean (SD) 72 (8.57) 72.5 (8.12) 73.7 (7.63) 74.7 (7.82) 74.8 (7.66) 73.6 (8.03) <0.0001c 

Sex, Male 363 (77.4 %) 299 (76.9 %) 357 (79.9 %) 416 (81.6 %) 440 (80.9 %) 1875 (79.5 %) 0.047b 

Smoking status 
Current smoker/ex-smoker 312 (72.6 %) 267 (73.4 %) 287 (67.7 %) 333 (68.7 %) 342 (65.6 %) 1541 (69.3 %) <0.0001b 

Never/negligible 118 (27.4 %) 97 (26.6 %) 137 (32.3 %) 152 (31.3 %) 179 (34.4 %) 683 (30.7 %) 
Comorbidities 
IHD 115 (24.5 %) 69 (17.7 %) 101 (22.6 %) 109 (21.4 %) 109 (20.0 %) 503 (21.3 %) 0.146 
GORD 77 (16.4 %) 73 (18.8 %) 86 (19.2 %) 116 (22.7 %) 115 (21.1 %) 467 (19.8 %) 0.019 
DM 109 (23.2 %) 78 (20.1 %) 82 (18.3 %) 107 (21.0 %) 100 (18.4 %) 476 (20.2 %) 0.173 
Hypertension 164 (35.0 %) 125 (32.1 %) 162 (36.2 %) 189 (37.1 %) 190 (34.9 %) 830 (35.2 %) 0.538 
GAP index mean (SD)  

4.66 (1.48) 4.49 (1.39) 4.44 (1.49) 4.42 (1.47) 4.27 (1.43) 4.45 (1.46) <0.0001c 

GAP stage       <0.001c 

0–3 99 (21.1 %) 97 (24.9 %) 129 (28.9 %) 157 (30.8 %) 188 (34.6 %) 670 (28.4 %)  
4–5 227 (48.4 %) 198 (50.9 %) 211 (47.2 %) 225 (44.1 %) 239 (43.9 %) 1100 (46.53 %)  
6–8 143 (30.5 %) 94 (24.2 %) 107 (23.9 %) 128 (25.1 %) 117 (21.5 %) 589 (24.97 %)  
Lung function mean (SD) 
FVC 75.8 (17.8) 77 (17.4) 77.9 (17.3) 77.4 (15.9) 80.4 (17.9) 77.8 (17.3) 0.0001c 

DLCO 45.6 (14.5) 48.7 (14.7) 49.5 [14] 50.8 (14.9) 52.8 (15.8) 49.7 [15] <0.0001c 

Duration of symptoms prior to chest clinic       0.015b 

<6 months 45 (9.7 %) 36 (9.4 %) 49 (11.3 %) 59 (11.9 %) 73 (13.8 %) 262 (11.4 %)  
6–12 months 107 (23.2 %) 93 (24.3 %) 105 (24.3 %) 104 (21.0 %) 132 (24.9 %) 541 (23.5 %)  
12–24 months 116 (25.1 %) 89 (23.2 %) 105 (24.3 %) 120 (24.2 %) 133 (25.1 %) 563 (24.4 %)  
>24 months 194 (42.0 %) 165 (43.1 %) 173 (40.0 %) 213 (42.9 %) 192 (36.2 %) 937 (40.7 %)  
Distance quintile       <0.001b 

1 (Nearest) [≤4.0 miles] 169 (36.0 %) 90 (23.1 %) 64 (14.3 %) 83 (16.3 %) 67 (12.3 %) 473 (20.1 %)  
2 [>4.0–8.3 miles] 85 (18.1 %) 76 (19.5 %) 96 (21.5 %) 101 (19.8 %) 113 (20.8 %) 471 (20.0 %)  
3 [>8.3–14.0 miles] 81 (17.3 %) 55 (14.1 %) 85 (19.0 %) 114 (22.4 %) 137 (25.2 %) 472 (20.0 %)  
4 [>14.0–24.1 miles] 57 (12.2 %) 81 (20.8 %) 101 (22.6 %) 108 (21.2 %) 125 (23.0 %) 472 (20.0 %)  
5 (Furthest) [>24.1–85.1 miles] 77 (16.4 %) 87 (22.4 %) 101 (22.6 %) 104 (20.4 %) 102 (18.8 %) 471 (20.0 %)  

Abbreviations: DM, Diabetes Mellitus; GAP Index, Gender (G) Age (A) Pulmonary Physiological Parameter (P); GORD, Gastro-oesophageal reflux Disease; IHD, 
Ischaemic heart disease; Q1, quintile 1; Q2, quintile 2; Q3, quintile 3; Q4, quintile 4; Q5, quintile 5. 

a All categorical variables are presented as No. (%). 
b based on chi-squared test for trend. 
c Based on Pearson correlation coefficient. 
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socioeconomic status quintile, distance from hospital (miles) were: 3 
[2–4] vs 3 [2–5], p < 0.001 and14.53 (12.7) vs 14.35 (13.09) p = 0.72. 
There was no association between time to referral and follow-up status. 

Variables associated with worse survival included higher GAP index, 
increased time to referral, increasing deprivation, and longer distance 
travelled to hospital (Table 3). Patients from the most deprived quintile 
had a 36 % increase in the risk of death compared with those from the 
least deprived quintile, (HR = 1.36 [1.10–1.69]; p = 0.004). In the 

adjusted model (adjusted for age, smoking status, GAP index, time to 
referral and travel distance to hospital), the increased risk of death 
remained in the most deprived quintile (adjusted HR = 1.39 [1.11–1.73] 
p = 0.004). There was a significant difference in survival amongst the 
deprivation quintiles (p < 0.001). 

Compared to patients living nearest to hospital those living further 
away had a 34 % increased risk of death (1.34 [1.06–1.69] p = 0.013; 
Table 3) in an unadjusted analysis. GAP index was independently 
associated with survival (Table 3). 

4. Discussion 

In this large national cohort of patients diagnosed with IPF we 
demonstrate that socioeconomic deprivation was independently asso-
ciated with death in a universal healthcare system. Patients with 
increased social deprivation reported a greater time to assessment, and 
had more severe disease at presentation, with a higher GAP index 
compared to those who are least deprived. They were also more likely to 
have a smoking history. However, the association between outcomes 
and deprivation remained when adjusted for time to assessment and 
severity of disease (baseline GAP index) and is unlikely to be due to 
deficiencies in specialist treatment which was higher in this group. GAP 
index and distance from hospital were also associated with death when 
adjusted for the available confounding factors. Although longer time to 
referral was associated with higher risk of dying, this only reached 
significance for a duration up to 12 months. The likelihood of being 
followed-up was associated with higher socioeconomic quintile but not 
distance to hospital or time to referral, however the differences were 
small. Therefore, as social deprivation, travelling distance and time to 
referral all contribute to the increased disease severity at specialist 
centre review and overall poor outcomes, all of these elements need to 
be addressed. 

The main strengths of this study are the size of the dataset and that all 
patients were diagnosed with IPF following expert multidisciplinary 
team discussion. This allowed adjustment for important confounders. To 
the best of our knowledge, this is the first study to assess the effect of 
SES, travelling distance and time to referral along with clinical-service 
provision and patient care at the same time in a universal health care 
system. However, this was a retrospective cohort study using clinically 
captured data. Data regarding survival were not confirmed from the 
Office of National Statistics and may be incomplete, however survival 
was similar to that expected for people with IPF and, as SES is unlikely to 
be related to data completeness, the findings for relative risk are reliable. 
The SES was measured using the Index of Multiple Deprivation as 
opposed to individual based scores, due to the lack of individual specific 
data. However, IMD has been proven to be the most reasonable proxy 

Table 2 
Comparison of medical interventions and reasons for not receiving by IMD quintile.  

Intervention No. (%) 

Q1 (Most deprived) Q2 Q3 Q4 Q5 (Least deprived) P 

Oxygen      <0.001 
Not assessed 5 (6.7 %) 2 (2.7 %) 3 (3.1 %) 6 (5.9 %) 8 (4.6 %)  
Referred/already receiving 35 (46.7 %) 17 (23.0 %) 24 (24.5 %) 20 (19.6 %) 21 (12.1 %)  
Patient declined 4 (5.3 %) 5 (6.8 %) 3 (3.1 %) 3 (2.9 %) 6 (3.4 %)  
Not required/appropriate 31 (41.3 %) 50 (67.6 %) 68 (69.4 %) 73 (71.6 %) 139 (79.9 %)  
Pulmonary rehabilitation      <0.001 
Not assessed 8 (2.9 %) 14 (7.0 %) 21 (8.6 %) 15 (5.5 %) 24 (7.7 %)  
Assessed and referred 192 (69.1 %) 115 (57.2 %) 130 (53.3 %) 147 (53.8 %) 143 (45.8 %)  
Patient declined 63 (22.7 %) 60 (29.9 %) 76 (31.1 %) 98 (35.9 %) 130 (41.7 %)  
Not required/appropriate 15 (5.4 %) 12 (6.0 %) 17 (7.0 %) 13 (4.8 %) 15 (4.8 %)  
Antifibrotic therapy received      <0.001 
Received within 3 months (of consultation) 438 (93.4 %) 356 (91.5 %) 392 (87.7 %) 445 (87.3 %) 426 (78.3 %)  
Antifibrotic therapy not given      0.010 
FVC out of range/clinically inappropriate 169 (36.2 %) 147 (37.9 %) 185 (41.4 %) 209 (41.1 %) 253 (46.9 %)  
Other 8 (1.7 %) 9 (2.3 %) 13 (2.9 %) 8 (1.6 %) 20 (3.7 %)  
Patient declined 7 (1.5 %) 8 (2.1 %) 10 (2.2 %) 14 (2.8 %) 13 (2.4 %)   

Table 3 
Estimated hazard ratios for overall survival by risk factor.  

Factor Unadjusted Adjusted 

HR (95 % CI) P HR (95 % CI) P 

Deprivation: IMD quintile 
1 (Most deprived) 1.36 

(1.10,1.69) 
0.004 1.39 

(1.11,1.73) 
0.003 

2 1.11 
(0.89,1.38) 

0.376 1.05 
(0.84,1.32) 

0.666 

3 1.13 
(0.91,1.42) 

0.271 1.1 
(0.88,1.38) 

0.411 

4 1.14 
(0.92,1.40) 

0.229 1.06 
(0.86,1.32) 

0.585 

5 (Least deprived) 1  1  
GAP Stage: 
0–3 1  1  
4–5 2.17 

(1.79,2.63) 
<0.001 2.17 

(1.78,2.64) 
<0.001 

6–8 3.41 
(2.74,4.23) 

<0.001 3.42 
(2.73,4.28) 

<0.001 

Delay: 
<6 months 1  1  
6–12 months 1.32 

(1.01,1.72) 
0.041 1.34 

(1.02,1.77) 
0.034 

12–24 months 1.23 
(0.94,1.61) 

0.138 1.19 
(0.9,1.57) 

0.228 

>24 months 1.27 
(0.99,1.63) 

0.065 1.21 
(0.94,1.57) 

0.139 

Distance to hospital (miles): 
1 (Nearest) [≤4.0 miles] 1  1  
2 [>4.0–8.3 miles] 1.13 

(0.90,1.43) 
0.284 1.2 

(0.95,1.52) 
0.13 

3 [>8.3–14.0 miles] 1.37 
(1.09,1.71) 

0.007 1.43 
(1.13,1.8) 

0.003 

4 [>14.0–24.1 miles] 1.27 
(1.01,1.59) 

0.039 1.29 
(1.02,1.64) 

0.034 

5 (Furthest) [>24.1–85.1 
miles] 

1.34 
(1.06,1.69) 

0.013 1.29 
(1.01,1.64) 

0.041 

Smoking status: 
Current or ex-smoker 1.15 

(0.99,1.35) 
0.075 1.11 

(0.95,1.3) 
0.179 

Never smoker 1  1   
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[24]. Likewise, we used linear distance between the home and hospital 
postcode rather than road distance needed to travel or journey time, 
which may have more accurately captured patient burden, however 
linear distance is an acceptable surrogate for travelling distance or time 
[25,26]. Ethnicity was not assessed as part of the study but is recognised 
as a factor of poor outcome in many diseases however only 17 % of those 
recorded in the registry are of non-white race [23]. Likewise, we did not 
have access to data about lung transplant, however only about 1 % of 
individuals are referred for transplant in the BTS registry [23] with far 
fewer being accepted. Lead time bias may influence the results of our 
study as the time of entry of the data onto the registry was determined by 
the attending physician (those most deprived had more severe disease at 
entry and may have been diagnosed later) however, associations were 
independent of time to referral which is a measure of lead time bias. We 
did not convert all lung function values to percentage predicted values 
using Global Lung Index, rather we used locally derived normalised 
values as recorded in the registry, however we adjusted for site 
throughout the analysis to account for the potential difference in percent 
predicted derivations. 

We showed that deprivation is important in a universal healthcare 
system, which is in keeping with a prospective study in France [18], but 
contradictory to the hypothesis from Goobie et al. [15] who showed 
deprivation related to mortality in USA but not in Canada and that of the 
IPF-PRO Registry, which showed that access to care (lung transplant) 
was related to socioeconomic status [16]. Our findings suggest that so-
cial deprivation exerts its effects on poor outcomes in addition to that of 
access to care and other aspects of social deprivation. In this respect, 
poor nutrition is associated with all-cause mortality [27], pollution is 
associated with decline in lung function [28] and Black and Hispanic 
people have higher age-adjusted mortality rate compared to White 
people [29] in IPF. 

We showed that there was a non-linear relationship between depri-
vation and outcomes, with only the most deprived having a significant 
effect on outcomes. This is in keeping with Goobie et al. [15] who 
showed that the effect of social deprivation was mostly confined to the 
most deprived. Although a larger sample size may have identified sig-
nificant differences between groups, other studies have shown more 
marked effects of deprivation in those most affected [30]. Similarly, we 
demonstrate that longer distance travelled to hospital is associated with 
worse all-cause mortality. Our findings are in keeping with those of 
Johannson et al. who found longer travelling distances were associated 
with poor outcomes in Canada [19]. Although rural living brings ad-
vantages to people with chronic respiratory illness, extensive travel and 
erratic physician availability are perceived as troublesome [31]. Greater 
uptake of home monitoring may reduce these difficulties but may widen 
the gap seen due to poor socioeconomic status [32]. 

We have shown that time from symptom onset to assessment in 
specialist clinics is common with 40 % of people waiting for at least two 
years. Others have reported high rates of respiratory symptom burden 
prior to diagnosis with nearly 80 % of patients having had a respiratory 
related primary consultation in the year prior to referral; advocating 
greater awareness of IPF in primary care [33,34]. Time to referral is also 
associated with worse survival in IPF [35–37]. In a small US study of 129 
patients with IPF, Lamas et al. [35]. demonstrated worse survival is 
associated with time to specialist review and this was independent of 
insurance type and educational attainment. Male gender and initial 
misdiagnosis have been associated with increased time to specialist re-
view [38]. In our study, we demonstrate that longer time to assessment 
is associated with increased deprivation and distance travelled to hos-
pital and numerically higher but non-significant increase in deaths. In 
our study, the most deprived are also more likely to experience symp-
toms for longer before assessment in respiratory clinic. 

Most of the patients in our study had a cigarette smoking history. 
Smoking has been shown to have a positive dose-response relationship 
with the risk of IPF and smoking is higher in disadvantaged groups [39, 
40]. It is possible that smokers may delay presentation with IPF as they 

do with lung cancer [41]. However, smoking history was not indepen-
dently associated with adverse outcomes in our study and others have 
shown that it is not an independent risk factor for diagnostic delay in IPF 
[38]. 

We did not show that poor outcomes seen in the most deprived group 
were related to a longer time from symptom onset to review in a res-
piratory clinic; using different interaction adjustments (term for the 
most deprived and furthest away, a linear-by-linear interaction term or 
an additional linear term for the most deprived) resulted in hazard ra-
dios of between 0.98 and 1.01. However, those with lower socioeco-
nomic status lived closer than those with higher socioeconomic status 
possibly masking the effect of travel. It is possible that patients from 
poor socioeconomic class, although living close to hospital, are only 
referred to specialist services when their lung function deteriorates, and 
specialist input is required thus the longer time to diagnosis identified in 
these patients is artefactual. However, our findings are in keeping with 
the finding of Ahuja et al. [42], who showed that socioeconomic status 
had a minimal effect on travel for people with a stroke. Limited access to 
healthcare resources may also play a role in the poor outcomes seen in 
the most deprived group [43]. 

The association we show between increase distance to respiratory 
clinics and reduced overall survival has important implications for the 
delivery of IPF care. The current hub and spoke model of care delivery in 
the NHS, with treatment provided by specialist centres, may result in 
impaired access to care. Care closer to home may result in greater sur-
vival. Our results also suggest that future screening programmes and 
policies need to be put into place to mitigate the differences in socio-
economic levels leading to poorer health outcomes in patients with IPF. 
Research is required to determine whether screening programmes, the 
potential provision of services for those more socioeconomically 
deprived and the ability to access care closer to home improves survival 
in IPF. Further assessments are also required to determine the reasons 
for delays to initial presentation at primary care and delays to referral 
and more detailed mapping of patient pathway and referral patterns in 
those living close to a spoke versus those living close to a hub. It is 
important to overcome all barriers to care given the progressive nature 
of IPF. 

Funding information 

AW RS ACreceived funding from the University of East Anglia to 
undertake the study. Grant reference MED10 MR3. www.uea.ac.uk. The 
design, data collection, analysis, and reporting were performed inde-
pendently by the authors. 

Data reporting 

Data access for the British Thoracic Society Interstitial Lung Disease 
Registry is available at https://www.brit-thoracic.org.uk/quality-impr 
ovement/bts-clinical-data-policy-and-data-access/ 

CRediT authorship contribution statement 

Rashmi Shankar: Writing – original draft, Methodology, Investi-
gation, Funding acquisition, Formal analysis. Charaka M. Hadinna-
pola: Writing – review & editing, Validation, Methodology, 
Investigation, Formal analysis. Allan B. Clark: Data curation, Formal 
analysis, Funding acquisition, Methodology, Supervision, Writing – re-
view & editing. Huzaifa Adamali: Conceptualization, Investigation, 
Writing – review & editing. Nazia Chaudhuri: Conceptualization, 
Investigation, Writing – review & editing. Lisa G. Spencer: Conceptu-
alization, Investigation, Writing – review & editing. Andrew M. Wilson: 
Conceptualization, Funding acquisition, Investigation, Methodology, 
Resources, Supervision, Writing – review & editing. 

R. Shankar et al.                                                                                                                                                                                                                                

http://www.uea.ac.uk
https://www.brit-thoracic.org.uk/quality-improvement/bts-clinical-data-policy-and-data-access/
https://www.brit-thoracic.org.uk/quality-improvement/bts-clinical-data-policy-and-data-access/


Respiratory Medicine 227 (2024) 107612

6

Declaration of competing interest 

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests: 

AMW: Institutional research funding from Aseptika, Brainomix, 
Celgene Corporation, GlaxoSmithKline and Insmed. Speaker fees from 
Boehringer Ingelheim. Support to attend meeting from Chiesi. 

NC: Institutional research funding from Boehringer Ingelheim. 
Consultancy fees from Boehringer Ingelheim, Vicor and Bridge there-
peutics. Speaker fees from Boehringer Ingelheim and Astra Zeneca. 

LS: Member of an advisory board for Daichi Sankyo. Support to 
attend meeting from Chiesi. 

RS, CH, AC, HA – None. 

Acknowledgements 

This publication makes use of data provided by the British Thoracic 
Society ILD Registry, which has no responsibility or liability for the 
accuracy, currency or correctness of this publication. We acknowledge 
Maria Loughenbury, Sally Welham and Miguel Souto from the British 
Thoracic Society and all members of the British Thoracic Society ILD 
Registry who collected the data and the patients who provided their data 
for this study:David Adeboyeku, Sarah Agnew, Robert Allcock, Howard 
Almond, Saumitra Baksi, Paul Beirne, Stephen Bianchi, Surinder Birring, 
Louise Brockbank, Sherwood Burge, Robert Buttery, Melanie Caswell, 
George Chalmers, Mazhar Chaudri, Robina Coker, Stephen Cowie, Anjali 
Crawshaw, Arnab Datta, Sarah Davies, Owen Dempsey, Matthew Emb-
ley, Ahmed Fahim, Janet Fallon, Christine Fiddler, Hannah Fletcher, 
Sophie Fletcher, Ian Forrest, Timothy Gatheral, Salman Ghani, Michael 
Gibbons, Sy Giin Chong, Laura Haggarty, Yussef Haider, Georgina 
Hands, Sarah Haney, Simon Hart, Karol Henry, Ling-Pei Ho, Clare 
Hodkinson, Ben Hope-Gill, Rachel Hoyles, John Hutchinson, Mamoun 
Ibrahim, Bhagyashree Jayaraman, Jon Naylor, Mark Jones, Steve Jones, 
Beatriz Lara, Laura MacKay, Mark Major, Neil McAndrew, Angela 
McComish, Terence McManus, Graham Miller, Paul Minnis, Philip 
Molyneaux, Alison Moody, Srividya Narayan, Christine O’Brien, Steve 
O’Hickey, Evelyn Palmer, Helen Parfrey, Dimitrina Petkova, Aravind 
Ponnuswamy, Joanna Porter, Ananthakrishnan Raghuram, Arvind 
Rajasekaran, Yogini Raste, Mark Spears, Katherine Spinks, Clare 
Squires, Henry Steer, Iain Stewart, Helen Stone, Suresh Babu, Charlotte 
Swales, Gareth Walters, Katie Ward, Andrew White, Melissa 
Wickremasinghe 

References 

[1] T.M. Maher, E. Bendstrup, L. Dron, J. Langley, G. Smith, J.M. Khalid, et al., Global 
incidence and prevalence of idiopathic pulmonary fibrosis, Respir. Res. 22 (1) 
(2021) 197. 

[2] N. Snell, D. Strachan, R. Hubbard, J. Gibson, T. Maher, I. Jarrold, P272 
Epidemiology of idiopathic pulmonary fibrosis in the UK: findings from the british 
lung foundation’s ‘respiratory health of the nation’ project, Thorax 71 (Suppl 3) 
(2016) A236–A. 

[3] D. Visca, L. Mori, V. Tsipouri, S. Fleming, A. Firouzi, M. Bonini, et al., Effect of 
ambulatory oxygen on quality of life for patients with fibrotic lung disease 
(AmbOx): a prospective, open-label, mixed-method, crossover randomised 
controlled trial, Lancet Respir. Med. 6 (10) (2018) 759–770. 

[4] X. Yu, X. Li, L. Wang, R. Liu, Y. Xie, S. Li, et al., Pulmonary rehabilitation for 
Exercise Tolerance and quality of life in IPF patients: a systematic review and Meta- 
analysis, BioMed Res. Int. 2019 (2019) 8498603. 

[5] M. Fisher, S.D. Nathan, C. Hill, J. Marshall, F. Dejonckheere, P.O. Thuresson, et al., 
Predicting life Expectancy for Pirfenidone in idiopathic pulmonary fibrosis, 
J Manag Care Spec Pharm 23 (3-b Suppl) (2017) S17–S24. 

[6] A. Guenther, E. Krauss, S. Tello, J. Wagner, B. Paul, S. Kuhn, et al., The European 
IPF registry (eurIPFreg): baseline characteristics and survival of patients with 
idiopathic pulmonary fibrosis, Respir. Res. 19 (1) (2018) 141. 

[7] B. Ley, C.J. Ryerson, E. Vittinghoff, J.H. Ryu, S. Tomassetti, J.S. Lee, et al., 
A multidimensional index and staging system for idiopathic pulmonary fibrosis, 
Ann. Intern. Med. 156 (10) (2012) 684–691. 

[8] T. Tran, M. Sterclova, N. Mogulkoc, K. Lewandowska, V. Muller, M. Hajkova, et al., 
The European MultiPartner IPF registry (EMPIRE): validating long-term prognostic 
factors in idiopathic pulmonary fibrosis, Respir. Res. 21 (1) (2020) 11. 

[9] R.M. du Bois, D. Weycker, C. Albera, W.Z. Bradford, U. Costabel, A. Kartashov, et 
al., Ascertainment of individual risk of mortality for patients with idiopathic 
pulmonary fibrosis, Am. J. Respir. Crit. Care Med. 184 (4) (2011) 459–466. 

[10] N. Krieger, A glossary for social epidemiology, J. Epidemiol. Community Health 55 
(10) (2001) 693–700. 

[11] S. Sahni, A. Talwar, S. Khanijo, A. Talwar, Socioeconomic status and its 
relationship to chronic respiratory disease, Adv Respir Med 85 (2) (2017) 97–108. 

[12] D.C. Taylor-Robinson, R.L. Smyth, P.J. Diggle, M. Whitehead, The effect of social 
deprivation on clinical outcomes and the use of treatments in the UK cystic fibrosis 
population: a longitudinal study, Lancet Respir. Med. 1 (2) (2013) 121–128. 

[13] A.S. Gershon, T.E. Dolmage, A. Stephenson, B. Jackson, Chronic obstructive 
pulmonary disease and socioeconomic status: a systematic review, COPD 9 (3) 
(2012) 216–226. 

[14] T.E. Abrams, M. Vaughan-Sarrazin, V.S. Fan, P.J. Kaboli, Geographic isolation and 
the risk for chronic obstructive pulmonary disease-related mortality: a cohort 
study, Ann. Intern. Med. 155 (2) (2011) 80–86. 

[15] G.C. Goobie, C.J. Ryerson, K.A. Johannson, E. Schikowski, R.H. Zou, N. Khalil, et 
al., Neighborhood-level disadvantage impacts on patients with fibrotic interstitial 
lung disease, Am. J. Respir. Crit. Care Med. 205 (4) (2022) 459–467. 

[16] A.C. Swaminathan, A.S. Hellkamp, M.L. Neely, S. Bender, L. Paoletti, E.S. White, et 
al., Disparities in lung transplant among patients with idiopathic pulmonary 
fibrosis: an analysis of the IPF-PRO registry, Ann Am Thorac Soc 19 (6) (2022) 
981–990. 

[17] A.M. DeDent, H.R. Collard, N. Thakur, Disparities in rural populations with 
idiopathic pulmonary fibrosis, Chest 162 (3) (2022) 630–634. 

[18] L. Sese, J. Caliez, I. Annesi-Maesano, V. Cottin, G. Pesce, M. Didier, et al., Low 
income and outcome in idiopathic pulmonary fibrosis: an association to uncover, 
Respir. Med. 183 (2021) 106415. 

[19] K.A. Johannson, B.C. Lethebe, D. Assayag, J.H. Fisher, M. Kolb, J. Morisset, et al., 
Travel distance to Subspecialty clinic and outcomes in patients with fibrotic 
interstitial lung disease, Ann Am Thorac Soc 19 (1) (2022) 20–27. 

[20] L.G. Spencer, M. Loughenbury, N. Chaudhuri, M. Spiteri, H. Parfrey, Idiopathic 
pulmonary fibrosis in the UK: analysis of the British Thoracic Society electronic 
registry between 2013 and 2019, ERJ Open Res 7 (1) (2021). 

[21] G. Raghu, H.R. Collard, J.J. Egan, F.J. Martinez, J. Behr, K.K. Brown, et al., An 
official ATS/ERS/JRS/ALAT statement: idiopathic pulmonary fibrosis: evidence- 
based guidelines for diagnosis and management, Am. J. Respir. Crit. Care Med. 183 
(6) (2011) 788–824. 

[22] G. Raghu, B. Rochwerg, Y. Zhang, C.A. Garcia, A. Azuma, J. Behr, et al., An official 
ATS/ERS/JRS/ALAT clinical Practice guideline: treatment of idiopathic pulmonary 
fibrosis. An Update of the 2011 clinical Practice guideline, Am. J. Respir. Crit. Care 
Med. 192 (2) (2015) e3–e19. 

[23] Society BT. BTS ILD Registry [Available from: https://www.brit-thoracic.org. 
uk/quality-improvement/lung-disease-registries/bts-ild-registry/. 

[24] David McLennan Sn, Michael Noble, Emma Plunkett, Gemma Wright, 
Nils Gutacker, The English Indices of Deprivation 2019, Ministry of Housing, 
Communities and Local Government, September 2019. 

[25] P. Rietveld, B. Zwart, B. van Wee, T. van den Hoorn, On the relationship between 
travel time and travel distance of commuters, Ann. Reg. Sci. 33 (3) (1999) 
269–287. 

[26] F.P. Boscoe, K.A. Henry, M.S. Zdeb, A Nationwide comparison of Driving distance 
versus Straight-Line distance to hospitals, Prof. Geogr. 64 (2) (2012). 

[27] S. Jouneau, C. Rousseau, M. Lederlin, A. Lescoat, M. Kerjouan, P. Chauvin, et al., 
Malnutrition and decreased food intake at diagnosis are associated with 
hospitalization and mortality of idiopathic pulmonary fibrosis patients, Clin Nutr 
41 (6) (2022) 1335–1342. 

[28] N. Avitzur, E.M. Noth, M. Lamidi, S.D. Nathan, H.R. Collard, A.M. DeDent, et al., 
Relative environmental and social disadvantage in patients with idiopathic 
pulmonary fibrosis, Thorax 77 (12) (2022) 1237–1242. 

[29] D.J. Lederer, S.M. Arcasoy, R.G. Barr, J.S. Wilt, E. Bagiella, F. D’Ovidio, et al., 
Racial and ethnic disparities in idiopathic pulmonary fibrosis: a UNOS/OPTN 
database analysis, Am. J. Transplant. 6 (10) (2006) 2436–2442. 

[30] A. Alarilla, L. Mondor, H. Knight, J. Hughes, A.P. Kone, W.P. Wodchis, et al., 
Socioeconomic gradient in mortality of working age and older adults with multiple 
long-term conditions in England and Ontario, Canada, BMC Publ. Health 23 (1) 
(2023) 472. 

[31] D. Goodridge, S. Hutchinson, D. Wilson, C. Ross, Living in a rural area with 
advanced chronic respiratory illness: a qualitative study, Prim. Care Respir. J. 20 
(1) (2011) 54–58. 

[32] M.S. Wijsenbeek, C.C. Moor, K.A. Johannson, P.D. Jackson, Y.H. Khor, Y. Kondoh, 
et al., Home monitoring in interstitial lung diseases, Lancet Respir. Med. 11 (1) 
(2023) 97–110. 

[33] D. Thickett, J. Voorham, R. Ryan, R. Jones, R. Coker, A.M. Wilson, et al., Historical 
database cohort study addressing the clinical patterns prior to idiopathic 
pulmonary fibrosis (IPF) diagnosis in UK primary care, BMJ Open 10 (5) (2020) 
e034428. 

[34] M. Purokivi, U. Hodgson, M. Myllarniemi, E.R. Salomaa, R. Kaarteenaho, Are 
physicians in primary health care able to recognize pulmonary fibrosis? Eur Clin 
Respir J 4 (1) (2017) 1290339. 

[35] D.J. Lamas, S.M. Kawut, E. Bagiella, N. Philip, S.M. Arcasoy, D.J. Lederer, Delayed 
access and survival in idiopathic pulmonary fibrosis: a cohort study, Am. J. Respir. 
Crit. Care Med. 184 (7) (2011) 842–847. 

[36] N. Hoyer, T.S. Prior, E. Bendstrup, S.B. Shaker, Diagnostic delay in IPF impacts 
progression-free survival, quality of life and hospitalisation rates, BMJ Open Respir 
Res 9 (1) (2022). 

R. Shankar et al.                                                                                                                                                                                                                                

http://refhub.elsevier.com/S0954-6111(24)00086-6/sref1
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref1
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref1
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref2
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref2
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref2
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref2
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref3
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref3
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref3
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref3
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref4
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref4
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref4
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref5
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref5
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref5
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref6
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref6
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref6
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref7
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref7
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref7
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref8
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref8
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref8
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref9
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref9
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref9
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref10
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref10
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref11
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref11
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref12
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref12
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref12
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref13
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref13
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref13
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref14
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref14
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref14
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref15
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref15
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref15
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref16
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref16
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref16
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref16
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref17
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref17
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref18
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref18
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref18
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref19
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref19
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref19
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref20
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref20
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref20
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref21
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref21
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref21
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref21
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref22
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref22
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref22
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref22
https://www.brit-thoracic.org.uk/quality-improvement/lung-disease-registries/bts-ild-registry/
https://www.brit-thoracic.org.uk/quality-improvement/lung-disease-registries/bts-ild-registry/
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref24
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref24
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref24
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref25
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref25
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref25
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref26
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref26
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref27
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref27
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref27
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref27
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref28
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref28
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref28
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref29
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref29
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref29
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref30
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref30
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref30
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref30
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref31
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref31
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref31
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref32
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref32
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref32
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref33
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref33
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref33
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref33
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref34
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref34
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref34
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref35
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref35
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref35
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref36
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref36
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref36


Respiratory Medicine 227 (2024) 107612

7

[37] C.J. Brereton, T. Wallis, M. Casey, L. Fox, K. Pontopiddan, D. Laws, et al., Time 
taken from primary care referral to a specialist centre diagnosis of idiopathic 
pulmonary fibrosis: an opportunity to improve patient outcomes? ERJ Open Res 6 
(2) (2020). 

[38] N. Hoyer, T.S. Prior, E. Bendstrup, T. Wilcke, S.B. Shaker, Risk factors for 
diagnostic delay in idiopathic pulmonary fibrosis, Respir. Res. 20 (1) (2019) 103. 

[39] V. Bellou, L. Belbasis, E. Evangelou, Tobacco smoking and risk for pulmonary 
fibrosis: a prospective cohort study from the UK Biobank, Chest 160 (3) (2021) 
983–993. 

[40] R. Hiscock, L. Bauld, A. Amos, J.A. Fidler, M. Munafo, Socioeconomic status and 
smoking: a review, Ann. N. Y. Acad. Sci. 1248 (2012) 107–123. 

[41] J. Kotecha, A. Clark, M. Burton, W.Y. Chan, D. Menzies, U. Dernedde, et al., 
Evaluating the delay prior to primary care presentation in patients with lung 
cancer: a cohort study, BJGP Open 5 (2) (2021). 

[42] C. Ahuja, M. Mamdani, G. Saposnik, G. Stroke Outcomes Research Canada 
Working, Influence of socioeconomic status on distance traveled and care after 
stroke, Stroke 43 (1) (2012) 233–235. 

[43] J.M. Unger, A.B. Moseley, C.K. Cheung, R.U. Osarogiagbon, B. Symington, S. 
D. Ramsey, et al., Persistent Disparity: socioeconomic deprivation and cancer 
outcomes in patients treated in clinical Trials, J. Clin. Oncol. 39 (12) (2021) 
1339–1348. 

R. Shankar et al.                                                                                                                                                                                                                                

http://refhub.elsevier.com/S0954-6111(24)00086-6/sref37
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref37
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref37
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref37
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref38
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref38
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref39
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref39
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref39
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref40
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref40
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref41
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref41
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref41
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref42
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref42
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref42
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref43
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref43
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref43
http://refhub.elsevier.com/S0954-6111(24)00086-6/sref43

	Assessment of the impact of social deprivation, distance to hospital and time to diagnosis on survival in idiopathic pulmon ...
	1 Introduction
	2 Methods
	2.1 Ethics
	2.2 Patients
	2.3 Dataset
	2.4 Outcomes
	2.5 Exposures
	2.6 Statistical analysis

	3 Results
	4 Discussion
	Funding information
	Data reporting
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	References


