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Methods 

 

Costing Scenarios 

The high and low cost scenarios were calculated as follows for different aspects of total costs. 

 

Use of  health care providers 

Two scenarios are considered for visits to health care providers – in the low cost scenario, it is 

assumed that all of the unscheduled visits are to the GP (£36), that patients make one scheduled 

visit to the GP per year and one scheduled outpatient visit per year (£147). Published references (1) 

were used to monetize healthcare utilization by applying a vector of unit costs adjusted for health 

inflation to activity(2). In the high cost scenario, in addition to the recorded unscheduled hospital 

admissions (£727), it is assumed that all additional unscheduled visits are to Accident & 

Emergency(£96), and that each of these is followed by a scheduled visit to the GP. It is also assumed 

that patients make four scheduled outpatient hospital visits. Outpatient respiratory reviews were 

estimated to include the cost of lung function tests and consultant and nurse time (3).  In respect of 

the lifetime costs of ITU, the Registry captured data on lifetime use of ITU at entry to the Registry. 

The per diem ITU costs were based on UK reference costs assumed in the low cost scenario not to 

involve ventilation (£928) and in the high cost scenario to involve ventilation (£1,248).     

 

Asthma Medication costs 

In addition to costs associated with visits to the various care providers, patients incur a number of 

medication related costs. Unit costs for medications were obtained from the Prescription Cost 

Analyses (PCA) for Northern Ireland 2011(4). Costs are calculated for the following 

medications/treatments: (1) Long-Acting Beta-2 Agonists (LABA) and Inhaled Corticosteroids (ICS), 

(2) Short-Acting Beta Agonists (SABA), (3) Prednisolone (maintenance and rescue courses), (4) 

Theophyllines, (5) Leukotriene Receptor Antagonists (LTRAs), (6) Oxygen and (7) Nebulised drugs. 

The dataset also includes information on patients’ usage of other medications and these were 

categorised following consultation with clinicians, as being associated with asthma or relating to 

non-asthma co-morbidities. Summary statistics for the usage of services and medications for each 

group is contained in Tables A1 & A2 below. 

 

Long Acting Beta-2 Agonists (LABA) and Inhaled Corticosteroids (ICS) 



Almost all patients in the dataset (95%) were receiving regular treatment with LABA either in 

combination with ICS or as monotherapy. The Registry records whether patients are receiving ICS 

and whether they receive LABA (Seretide or Symbicort), in addition to the beclometasone 

dipropionate (BDP) equivalent daily dose received. In most cases, whether the patient is taking 

Symbicort or Seretide was stated in the data or can be reasonably inferred from the BDP equivalent. 

However for each medication there are different delivery mechanisms; for Seretide there is the 

Accuhaler and Evohaler, while for Symbicort there are two models of the Turbohaler, the 200/6 and 

the 400/12. Limited information was available to identify which delivery mechanism was used in 

individual cases. Two cost scenarios are considered for both Seretide and Symbicort. For Seretide, in 

the Low cost scenario patients are assumed to use the Accuhaler while in the High cost they are 

assumed to use the Evohaler. For Symbicort, in the Low cost scenario patients are assumed to 

predominantly use the lower cost 400/12 unit, in the high cost scenario they are assumed to use the 

200/6 unit for all doses up to 1600 BDP.  BDP equivalent dose was not available for 31 SRA and 9 

non-SRA patients. In the low cost scenario these patients were assigned the minimum BDP 

equivalent dose for that patient population in the Registry while in the high cost scenario they were 

assigned the maximum BDP dose. A number of patients receive inhaled steroids (e.g. fluticasone, 

ciclesonide, budesonide and beclometasone) separately from LABA treatment in which case costs 

were calculated using BDP equivalent dose. For Fluticasone, BDP equivalent dose is divided by 2. In 

the small number of patients, where the branded inhaled steroid was not identified in the data, 

patients were assumed to receive beclometasone.   

 

Short-Acting Beta Agonists (SABA)  

For patients taking SABAs, the average number of uses per day is recorded by the Registry and is 

costed on the basis of an assumed dose of 200mcg of salbutamol per use unless the SABA is stated 

(e.g. Airomir).  

 

Prednisolone (maintenance and rescue courses) 

Patients receive prednisolone to control inflammation in the airways either as a maintenance steroid 

or as a rescue steroid in the advent of severe exacerbations. The Registry records the maintenance 

dose which each patient is on which is used to generate a cost figure for each patient. In case of 

severe exacerbations, prednisolone is also prescribed as a rescue course, typically 40mg per day for 

7 days. The Registry records the number of rescue courses taken by each patient in the previous 12 

months.  



 

Theophylline 

Theophylline is a bronchodilator which also helps decrease swelling in the lungs. Patients were 

assumed to receive 300mg of Uniphyllin Continus twice per day, but costs of all branded 

theophylline are low and similar. 

 

Oxygen 

A small number of refractory asthma patients were receiving oxygen (5 subjects). Patients were 

assumed to rent a concentrator at a fixed cost of £521 per year and to use one cylinder of oxygen DD 

Light (460L) per day.  

 

Nebuliser use 

Although the Registry records whether a nebuliser is used, it does not record the frequency of use. 

Two scenarios are considered; in the low cost scenario patients are assumed to use their nebuliser 

on average four times per day for one week every eight weeks. In the high cost scenario patients are 

assumed to use the nebuliser four times every day.  

 

Anti- IgE 

In the low cost scenario patients are assumed to be on a dose of 150mg 4 weekly, and in the high 

cost scenario 600mg bi-weekly in addition to using two epipens per year in all scenarios. 

 

Excluded costs 

Only direct costs from the perspective of the public payer (in this case the NHS) have been included. 

However, it is important to recognise that asthma patients may face a number of additional costs 

including travel costs and other costs incurred by patients associated with visits to health care 

providers and treatment related costs, such as lost earnings due to impaired productivity and/or 

reduced quality of life due to conditions such as depression which may result from their asthma.  



 

Data Analysis 

In Table A2, the Wilcoxon rank sum test (which is equivalent to the Mann-Whitney two-sample 

statistic) is used to test the null hypothesis that the distribution of the variables are equal for the 

SRA and Non-SRA groups. These tests are non-parametric and hence do not assume normality. 

Failure to reject the null hypothesis indicates that the distributions may be the same, while rejecting 

the null implies that the distributions differ across the two groups. For binary variables (gender and 

ethnicity [caucasian/non-caucasian]) a Chi-square test was used instead with the null hypothesis that 

there is no relationship between the variable and the SRA and Non-SRA groups. 

After calculating the total costs associated with each patient, a series of semi-logarithmic multiple 

regressions were carried out to examine the factors that explain variations in treatment costs among 

SRA patients. The factors considered were dependent on the information available from the Registry 

and were chosen based on a priori expectations of the variables that may influence patients’ costs. 

The chosen factors were gender, age, Clinical Centre, the patients’ best FEV1, whether they receive 

maintenance steroids, BMI, and smoking status. The dependent variable in each case is natural 

logarithmically transformed, thus coefficients may be multiplied by 100 and then interpreted as the 

approximate percentage change in cost resulting from a unit change in the explanatory variable. This 

provides an approximation which for continuous variables is reasonable given the magnitude of the 

coefficients. As discussed by Halvorsen and Palmquist(5) and Kennedy(6), for binary variables, we 

transform the coefficient as follows: β*=(exp(β)/exp(0.5*SE(β)2))-1.  Robust standard errors were 

applied to allow for clustering effects caused by correlation between individuals within clinical 

centres. The standard errors were calculated by bootstrapping (x 1000) the coefficients or adjusted 

coefficients as appropriate, which also accounts for any departures from the normality assumptions 

required for the regression. Error bars on figures 1 and 2 represent standard error of the mean 

(SEM). To test the joint significance of location (and separately BMI class) we follow the approach 

suggested in Chapter 21 of Fox (2008) “Applied Regression Analysis and Generalized Linear Models, 

Second Edition” (see http://www.sagepub.com/upm-data/21122_Chapter_21.pdf).  Let  

be the test statistic calculated for the bth bootstrap sample  under the null hypothesis that the 

bootstrapped estimates for the variables to be tested equal their values from the original sample. 

This allows us to obtain the sampling distribution of the test statistic. The proportion of times that 

 exceeds the test statistic, T, for the original sample gives the p-value for the test. In the current 

context, T is a Wald test that the chosen coefficients are simultaneously 0. 

 



As can be seen from figure 1, medication costs are a key driver of total asthma costs for SRA 

patients, accounting for 58% (51%) of total costs in the low (high) cost scenario. Figure 3 displays a 

breakdown of medication related costs for SRA and non-SRA patients respectively. LABA and inhaled 

Steroids represent the greatest share of medication related costs with a combined cost of between 

£885 and £1,239 for SRA patients, while for non-SRA patients they contribute between £425 and 

£678. Short-acting beta-agonist (SABA) use by SRA patients was an average of 8.8 times per day, and 

non-SRA patients an average of 4.9 times per day, leading to average costs of £126 and £69 

respectively. The average cost of maintenance oral steroids (prednisolone) is comparable to the cost 

for SABA at an average cost of £140 per year across all patients. Rescue steroid treatments costed a 

further £84 for SRA patients and £44 for non-SRA. LTRAs also contribute substantially to total costs; 

£157 for SRA patients and £119 for non-SRA patients. Although only five SRA patients receive 

oxygen, the costs of doing so are significant - £86 when averaged across all 516 SRA patients, but the 

individual per patient cost is £8,908. 

Approximately 43% of SRA and 21% of non-SRA patients were using nebulised therapy, with costs 

ranging from £11 to £90 for SRA patients depending on the scenario and from £5 to £41 for non-

SRA. Annual costs for theophylline were £27 for SRA patients and £13 for non-SRA patients, with 

35% of SRA patients receiving theophylline compared to 26% of non-SRA patients.  

The average annual cost of the other asthma medications across all SRA patients was £171 and 

across non-SRA patients was £33. Patients receiving anti-IgE therapy (n=11) demonstrated a cost of 

between £6,874 and £29,825 depending on the scenario with Omalizumab alone costing between 

£3,330 and £26,640 depending on dose. 

 

 

 

 

 

 

 



Table A1: Costs relating to visits to medical service providers by patient type 
 

  Low Cost Scenario: High Cost Scenario: 

  SRA (N=516) Non-SRA (N=80) SRA (N=516) Non-SRA (N=80) 

Cost type: Mean Std. 
Dev 

Confidence 
interval 

Mean Std. 
Dev 

Confidence 
interval  

Mean Std. 
Dev 

Confidence 
interval  

Mean Std. 
Dev 

Confidence 
interval 

Cost for unscheduled GP or A&E visits  175 140 (163 , 187) 160 176 (121 , 199) 466 372 (434 , 498) 424 467 (322 , 526) 

Cost for scheduled GP or A&E visits  36 0 (36 , 36) 36 0 (36 , 36) 175 140 (163 , 187) 160 176 (121 , 199) 

Cost for unscheduled Hospital visits 848 1440 (724 , 972) 592 835 (409 , 775) 848 1440 (724 , 972) 592 835 (409 , 775) 

Cost for scheduled Hospital visits 147 0 (147 , 147) 147 0 (147 , 147) 588 0 (588 , 588) 588 0 (588 , 588) 

Total Non-Medication Related Costs 1207 1481 (1079 , 1335) 935 884 (741 , 1129) 2,077 1,644 (1935 , 2219) 1,764 1,142 (1514 , 2014) 

Total Medication Related Costs 1705 1417 (1583, 1827) 736 705 (582 , 890) 2,139 1,578 (2003, 2275) 1,024 912 (824 , 1224) 

Total Cost  2912 2212 (2721, 3103) 1670 1149 (1418 , 1922) 4,217 2,449 (4006, 4428) 2,788 1,449 (2470 , 3106) 
               

  

  

Breakdown of Medication related Costs Mean Std. 
Dev. 

Confidence 
interval  

Mean Std. 
Dev. 

Confidence 
interval  

Mean Std. 
Dev. 

Confidence 
interval  

Mean Std. 
Dev. 

Confidence 
interval  

LABA and Inhaled Steroids 885 573 (836 , 934) 425 489 (318 , 532) 1239 842 (1166 , 1312) 678 696 (525 , 831) 

SABA 126 180 (110 , 142) 69 46 (59 , 79) 126 180 (110 , 142) 69 46 (59 , 79) 

Anti-immunoglobulin (anti-IgE) treatment 0 0 (0 , 0) 0 0 (0 , 0) 0 0 (0 , 0) 0 0 (0 , 0) 

Prednisolone (Maintenance) 158 259 (136 , 180) 28 148 (-4 , 60) 160 263 (137 , 183) 28 148 (-4 , 60) 

Prednisolone  (Rescue) 84 79 (77 , 91) 44 45 (34 , 54) 84 79 (77 , 91) 44 45 (34 , 54) 

Theophylline 27 58 (22 , 32) 13 23 (8 , 18) 27 58 (22 , 32) 13 23 (8 , 18) 

Proton Pump Inhibitor (PPI) 36 50 (32 , 40) 25 40 (16 , 34) 36 50 (32 , 40) 25 40 (16 , 34) 

Leukotriene Receptor Antagonists 157 174 (142 , 172) 119 158 (84 , 154) 157 174 (142 , 172) 119 158 (84 , 154) 

Oxygen 86 873 (11, 161) 0 0 (0 , 0) 86 873 (11, 161) 0 0 (0 , 0) 

Nebuliser uses 11 16 (10 , 12) 5 10 (3 , 7) 90 119 (80 , 100) 41 80 (23 , 59) 

Other Asthma Medications 171 767 (105 , 237) 33 116 (8 , 58) 171 767 (105 , 237) 33 116 (8 , 58) 

Total Asthma Medication costs 1705 1417 (1583, 1827) 736 705 (582 , 890) 2139 1578 (2003, 2275) 1024 912 (824 , 1224) 
                   

 Non-Asthma Medications (Excluded) 270 600 (218 , 322) 256 480 (151 , 361) 270 600 (218 , 322) 256 480 (151 , 361) 

Note: All costs are averaged across the number of patients in the 2 groups (SRA and Non-SRA) rather than across the number of patients receiving a particular treatment 



TableA2.Demographic details of the SRA (n=516) and non-SRA patients (n=80) 

  SRA (N=516) Non-SRA (N=80) Wilcoxon 
rank sum 

test    

Variable Mean St. 
Dev 

Median Inter Quartile 
Range 

Mean St. 
Dev 

Median Inter Quartile 
Range 

p-value 

Age (y) 48.5 13.9 49 (41, 58) 45.7 16.9 56.5 (42.5, 59) 0.133 

Female (%) 62% - - - 65% - - - 0.608 

Caucasian (%) 91% - - - 95% - - - 0.251 

Age at diagnosis of asthma (y)  22 18.8 19 (3, 37) 26.3 21.6 25.5 (5, 45) 0.146 

BMI (kg/m
2
)  29.7 6.3 28.85 (25.1,  33.1) 30.1 7.1 29.9 (24.5,  34.8) 0.74 

Unscheduled GP/A&E (1 year pre-referral) 4.9 3.9 4 (2, 6) 4.4 5 3 (0, 6) 0.05 

Hospital admission (1 year pre-referral) 1.2 2 0 (0, 1) 0.8 1.2 0 (0, 1) 0.534 

Rescue Oral Steroids (1 year pre-referral)  4.9 4.2 4 (2, 6) 3 2.8 2 (1, 5) <0.001 

FEV1 % Predicted  67% 27% 68 (48, 85) 86% 24% 87 (76, 101) <0.001 

Inhaled steroid dose (BDP Equivalent mcg) 2,003 1,056 2000 (1600,  2000) 1,188 939 1000 (800, 1600) <0.001 

 

 

 

 

 

 

 

 



Table A3: Utilisation of medications and service by patients 

  All Patients (N=596) SRA (N=516) Non-SRA (N=80) 

  N Mean St. Dev N Mean St. Dev N Mean St. Dev 

Prednisolone dose in mg (Maintenance) 201 19.3 29.8 196 19.2 30.1 5 20.8 16.8 

Prednisolone Courses (Rescue) 552 4.7 4.1 477 4.9 4.2 75 3 2.8 

BDP equivalent dose (Inhaled Steroids) 590 1896.8 1076.5 513 2003.2 1056.1 77 1188.3 939.1 

SABA uses per day 567 8.3 11.5 492 8.8 12.2 75 4.9 3 

Unscheduled visits to GP or A&E 596 4.8 4 516 4.9 3.9 80 4.4 4.9 

Scheduled visits to GP or A&E (low) 596 1 0 516 1 0 80 1 0 

Scheduled visits to GP or A&E (high) 596 4.8 4 516 4.9 3.9 80 4.4 4.9 

Total visits to GP or A&E (low) 596 5.8 4 516 5.9 3.9 80 5.4 4.9 

Total visits to GP or A&E (high) 596 9.6 8 516 9.7 7.8 80 8.9 9.7 

Unscheduled visits  to Hospital 596 1.1 1.9 516 1.2 2 80 0.8 1.2 

Scheduled visits  to Hospital (low) 596 1 0 516 1 0 80 1 0 

Scheduled visits  to Hospital (medium) 596 2 0 516 2 0 80 2 0 

Scheduled visits  to Hospital (high) 596 4 0 516 4 0 80 4 0 

Total visits to Hospital (low) 596 2.1 1.9 516 2.2 2 80 1.8 1.2 

Total visits to Hospital (medium) 596 3.1 1.9 516 3.2 2 80 2.8 1.2 

Total visits to Hospital (high) 596 5.1 1.9 516 5.2 2 80 4.8 1.2 

 

 



Table A4: % of patients utilising individual medication classes 

  All Patients 
(N=596) SRA (N=516) 

Non-
SRA(N=80)   

  Number % Number % Number % 

Inhaled Steroids 590 99 513 99 77 96 

LABA 566 95 496 96 70 88 

SABA 567 95 492 95 75 94 

Anti-immunoglobulin (anti-IgE) 0 0 0 0 0 0 

Prednisolone (Maintenance) 201 34 196 38 5 6 

Theophylline 201 34 180 35 21 26 

Proton Pump Inhibitor (PPI) 212 36 188 37 24 30 
Leukotriene Receptor 
Antagonists 260 44 229 44 31 39 

Oxygen 5 0.84 5 0.97 0 0 

Nebuliser Used 241 40 224 43 17 21 

 

 

 

 

 

 

 

 

 

 

 

  



Table A5: Medication and healthcare costs (all patients) 
 

  All Patients (N=596) 
  Low Cost Scenario: High Cost Scenario: 

Variable Mean 
Std. 
Dev. 

Confidence 
Interval Mean 

Std. 
Dev. 

Confidence 
Interval 

LABA and Inhaled Steroids 823 584 (773 , 873) 1164 845 (1091 , 1237) 

SABA 118 170 (103 , 133) 118 170 (103 , 133) 

Prednisolone (Maintenance) 140 251 (118 , 162) 142 255 (120 , 164) 

Prednisolone  (Rescue) 79 76 (72 , 86) 79 76 (72 , 86) 

Theophylline 25 55 (20 , 30) 25 55 (20 , 30) 

Proton Pump Inhibitor (PPI) 34 49 (30 , 38) 34 49 (30 , 38) 

Leukotriene Receptor Antagonists 152 173 (137 , 167) 152 173 (137 , 167) 

Oxygen 75 813 (5, 145) 75 813 (5, 145) 

Nebuliser uses 11 15 (10 , 12) 83 116 (73 , 93) 

Other Asthma Medications 152 717 (90 , 214) 152 717 (90 , 214) 

Total Asthma Medication costs 1575 1383 (1456, 1694) 1990 1552 (1856, 2124) 

  
     

  

 Non-Asthma Medications 268 585 (218 , 318) 268 585 (218 , 318) 

 

  All Patients (N=596) 

  Low Cost Scenario: High Cost Scenario: 

Variable Mean Std. Dev 
Confidence 

Interval 
Mean Std. Dev 

Confidence 
Interval 

Cost for unscheduled GP or A&E visits  173 145 (161 , 185) 460 386 (429 , 490) 
Cost for scheduled GP or A&E visits  36 0 (36 , 36) 173 145 (161 , 185) 
Cost for unscheduled Hospital visits 814 1377 (703 , 925) 814 1377 (703 , 925) 
Cost for scheduled Hospital visits 147 0 (147 , 147) 588 0 (588 , 588) 
Total Non-Medication Related Costs 1170 1418 (1056 , 1284) 2,035 1,588 (1908 , 2162) 
Total Medication Related Costs 1575 1383 (1456, 1694) 1,990 1,552 (1856, 2124) 

Total Cost  2745 2142 (2560, 2930) 4,025 2,389 (3819, 4231) 

Note: All costs are averaged across the number of assessed patients in the rather than across the number of patients 
receiving a particular treatment 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table A6: Comparison of patient characteristics by Specialist Difficult Asthma Services 
 

  Belfast Brompton Leicester Manchester Birmingham Gartnavel Stobhill 

(n=130) (n= 105) (n=109) (n=156) (n= 22) (n= 32) (n= 42) 

        

Variable Mean Mean Mean Mean Mean Mean Mean 

Age (y) 46.7 47.6 49.2 50.8 41.6 47.3 45.7 

Female 58.50% 64.80% 60.60% 68.60% 50.00% 65.60% 54.80% 

Caucasian 100.00% 82.90% 82.60% 98.00% 77.30% 93.50% 95.20% 

Age at diagnosis of asthma (y) 23.3 16.4 25.4 23.3 15.1 28.1 25 

BMI (kg/m2) 30.1 29.6 29.1 29.7 31.1 28.6 31.4 

Underweight 0.80% 1.00% 0.00% 1.30% 0.00% 0.00% 4.80% 

 (15-18.49kg/m
2
) 

Normal weight 23.80% 21.00% 30.30% 23.10% 27.30% 28.10% 11.90% 

(18.5-24.99kg/m
2
) 

Overweight  30.00% 30.50% 25.70% 32.70% 22.70% 40.60% 28.60% 

(25-29.99kg/m
2
) 

Obese grade 1  23.80% 36.20% 27.50% 23.10% 22.70% 12.50% 23.80% 

(30-34.99kg/m
2
) 

Obese grade 2  13.80% 4.80% 12.80% 12.20% 4.50% 3.10% 16.70% 

(35-39.99kg/m
2
) 

Obese grade 3 (40kg/m
2
 plus) 7.70% 6.70% 3.70% 7.70% 22.70% 15.60% 14.30% 

Unscheduled GP/A&E (1 year pre-referral) 6.1 3.7 4.9 5.2 3.8 3.9 2.9 

Hospital admission (1 year pre-referral) 0.9 1.7 0.9 1 2 0.8 1.1 

Rescue Oral Steroids (1 year pre-referral) 5.4 4.8 4.7 3.6 6.1 4.2 5.8 

FEV1 % Predicted 90.34 74.54 85.78 80.83 76.43 83.04 85.18 

Inhaled steroid dose (BDP Equivalent mcg) 1602.3 1954.9 1852.3 1838.8 2931.4 2325 2152.4 

 
 
 



Table A7.Comparison of Costs by Specialist Difficult Asthma Services 

  
Belfast: 
(n=130) 

Brompton 
(n= 105) 

Leicester  
(n=109) 

Manchester 
(n=156)  

Birmingham 
(n= 22) 

Gartnavel 
(n=32)  

Stobhill 

(n= 42)  

Variable Mean Mean Mean Mean Mean Mean Mean 
Low Cost Scenario:               

Cost for unscheduled GP or A&E visits  221 135 177 186 145 139 105 

Cost for scheduled GP or A&E visits  36 36 36 36 36 36 36 

Cost for unscheduled Hospital visits 676 1245 654 715 1421 564 814 

Cost for scheduled Hospital visits 147 147 147 147 147 147 147 

Total Non-Medication Related Costs 1080 1563 1014 1085 1749 886 1102 

Total Medication Related Costs 1274 1773 1416 1673 2243 1832 1518 

Total Cost  2354 3336 2429 2757 3992 2717 2619 

                

High Cost Scenario:               

Cost for unscheduled GP or A&E visits  587 359 470 495 384 368.92 279 

Cost for scheduled GP or A&E visits  221 135 177 186 145 139 105 

Cost for unscheduled Hospital visits 676 1245 654 715 1421 564 814 

Cost for scheduled Hospital visits 588 588 588 588 588 588 588 

Total Non-Medication Related Costs  2072 2327 1889 1985 2539 1659 1785 
Total Medication Related Costs  1600 2261 1813 2050 3001 2397 1914 

Total Cost  3672 4588 3701 4034 5540 4056 3699 

 

 



Regression details and Tables 

Table A8 displays results from the multiple regression for the log of total costs for the SRA patients in 

the low and high cost scenarios. The second and third columns of the table display coefficients and 

their bootstrapped standard errors. The fourth column presents the effects after transforming 

coefficients in line with Halvorsen and Palmquist (5) and the fifth and sixth column display the lower 

and upper bounds of a 95% confidence interval for the effect obtained by bootstrapping the effect. 

Columns 7 to 11 present similar information for the high cost scenario. Table A9 displays results 

from the multiple regression for the log of non-medication related costs (such as visits to the GP and 

A&E) and Table A10 displays results for the log of asthma related medication costs. Finally Table 11 

presents results for the log of non-asthma related medication costs. Non-asthma related costs are 

the same in the low and high scenarios hence only one set of estimates are presented for this 

category. 

 



Table A8: Regression analysis of logged Total costs for SRA patients  

  Ln(Total cost) -  low cost scenario Ln(Total cost) -  high cost scenario 

  Coefficient p-value Effect 
95% CI 
Lower 

95% CI 
Upper Coefficient p-value Effect 

95% CI 
Lower 

95% CI 
Upper 

  
     

  
   

  

Female vs. Male 0.084 0.140 8.76% -3.36% 20.89% 0.078 0.089* 8.08% -1.55% 17.72% 

Age -0.011 0.276 -1.13% -3.15% 0.90% -0.013 0.098* -1.30% -2.85% 0.24% 

Age^2 0.0001 0.515 0.01% -0.01% 0.03% 0.0001 0.198 0.01% -0.01% 0.03% 

Brompton vs. Belfast
†
 0.071 0.460 7.68% -12.64% 28.00% 0.015 0.842 1.81% -13.71% 17.32% 

Leicester vs. Belfast
†
 -0.079 0.393 -7.22% -24.11% 9.67% -0.073 0.317 -6.82% -20.22% 6.58% 

Manchester  vs. Belfast
†
 -0.059 0.499 -5.39% -21.57% 10.79% -0.047 0.503 -4.36% -17.45% 8.74% 

Birmingham vs. Belfast
†
 0.375 0.003*** 46.32% 9.18% 83.45% 0.279 0.012** 32.91% 3.49% 62.32% 

Gartnavel vs. Belfast
†
 0.158 0.122 17.69% -5.94% 41.33% 0.093 0.275 10.12% -8.36% 28.61% 

Stobhill vs. Belfast
†
 -0.015 0.898 -0.91% -23.48% 21.67% -0.095 0.308 -8.75% -25.54% 8.05% 

Best ever FEV1 % predicted -0.001 0.286 -0.12% -0.33% 0.10% -0.001 0.549 -0.05% -0.22% 0.12% 

Maintenance Steroids Yes vs No 0.367 <0.001*** 43.12% 27.34% 58.89% 0.262 <0.001*** 29.30% 17.73% 40.87% 

Underweight vs. Normal weight
‡
 -0.026 0.914 -2.75% -55.60% 50.09% -0.084 0.653 -8.01% -44.96% 28.95% 

Overweight (25-29.99kg/m
2
) vs. Normal weight

‡
 0.077 0.290 7.98% -7.53% 23.48% 0.088 0.126 9.11% -3.22% 21.44% 

Obese grade 1 (30-34.99kg/m
2
) vs. Normal weight

‡
 0.110 0.149 11.57% -5.15% 28.28% 0.114 0.062* 12.06% -1.38% 25.49% 

Obese grade 2 (35-39.99kg/m
2
) vs. Normal weight

‡
 0.142 0.092* 15.17% -3.80% 34.14% 0.135 0.049** 14.40% -0.97% 29.77% 

Obese grade 3 (40kg/m
2
 plus) vs. Normal weight

‡
 0.170 0.059* 18.16% -2.81% 39.13% 0.162 0.028** 17.39% 0.34% 34.43% 

Current smoker vs Never smoker 0.093 0.331 9.24% -11.28% 29.76% 0.111 0.137 11.55% -4.77% 27.86% 

Ex –smoker  vs Never smoker -0.023 0.687 -2.51% -13.55% 8.53% -0.023 0.632 -2.36% -11.34% 6.63% 

2+ rescue courses vs. < 2 rescue courses 0.269 <0.001*** 30.80% 13.55% 48.04% 0.228 <0.001*** 25.54% 12.62% 38.45% 

Constant 7.740 <0.001*** 
   

8.228 <0.001*** 
  

  

                      

 ***=significant at 1% level, **= significant at 5% level, *= significant at 10% level. Constant evaluated at the reference category for each categorical variable and at the mean age of 
48.5 years and the mean % predicted FEV1 is 81.42%. †

 
Test that Hospital is jointly significant (Low cost scenario p-value = 0.007, High cost scenario p-value =  0.002) ‡

 
Test that BMI is 

jointly significant. (Low cost scenario p-value=0.049, High cost scenario p-value = 0.021) 

 

 

 



Table A9: Regression analysis of logged Non-medication costs for SRA patients  

  Ln(Non-medication cost) -  low cost scenario Ln(Non-medication cost) -  high cost scenario 

  Coefficient p-value Effect 
95% CI 
Lower 

95% CI 
Upper Coefficient p-value Effect 

95% CI 
Lower 

95% CI 
Upper 

  
     

  
   

  

Female vs. Male 0.049 0.604 4.74% -14.58% 24.07% 0.045 0.459 4.49% -7.87% 16.85% 

Age -0.027 0.137 -2.75% -6.37% 0.87% -0.016 0.175 -1.65% -4.02% 0.73% 

Age^2 0.0001 0.286 0.02% -0.02% 0.06% 0.0001 0.416 0.01% -0.01% 0.03% 

Brompton vs. Belfast
†
 0.147 0.370 17.02% -20.64% 54.69% -0.005 0.961 -0.06% -20.92% 20.81% 

Leicester vs. Belfast
†
 -0.048 0.748 -3.69% -31.88% 24.51% -0.049 0.598 -4.44% -22.11% 13.23% 

Manchester  vs. Belfast
†
 -0.030 0.829 -2.19% -28.76% 24.38% -0.019 0.836 -1.51% -18.79% 15.76% 

Birmingham vs. Belfast
†
 0.145 0.594 19.25% -46.37% 84.87% -0.001 0.995 1.29% -35.89% 38.47% 

Gartnavel vs. Belfast
†
 -0.169 0.424 -13.86% -49.70% 21.98% -0.173 0.180 -15.32% -36.84% 6.20% 

Stobhill vs. Belfast
†
 -0.184 0.401 -15.01% -52.39% 22.38% -0.274 0.051* -23.29% -44.66% -1.91% 

Best ever FEV1 % predicted 0.002 0.322 0.18% -0.18% 0.55% 0.001 0.322 0.12% -0.12% 0.36% 

Maintenance Steroids Yes vs No 0.189 0.051* 19.02% -3.85% 41.88% 0.106 0.095* 10.42% -3.30% 24.15% 

Underweight vs. Normal weight
‡
 0.010 0.981 2.16% -127.03% 131.35% 0.047 0.859 5.40% -58.75% 69.54% 

Overweight (25-29.99kg/m
2
) vs. Normal weight

‡
 0.278 0.023** 31.73% -0.15% 63.61% 0.203 0.011** 22.35% 3.18% 41.52% 

Obese grade 1 (30-34.99kg/m
2
) vs. Normal weight

‡
 0.135 0.306 14.04% -15.44% 43.51% 0.130 0.125 13.69% -5.08% 32.45% 

Obese grade 2 (35-39.99kg/m
2
) vs. Normal weight

‡
 0.205 0.187 22.44% -14.49% 59.37% 0.189 0.053* 20.74% -2.25% 43.73% 

Obese grade 3 (40kg/m
2
 plus) vs. Normal weight

‡
 0.142 0.469 12.52% -32.70% 57.75% 0.120 0.323 11.54% -15.90% 38.97% 

Current smoker vs Never smoker 0.483 0.005*** 60.14% 4.43% 115.86% 0.367 0.001*** 43.83% 12.90% 74.76% 

Ex –smoker  vs Never smoker 0.026 0.782 2.15% -16.76% 21.07% 0.043 0.476 4.15% -8.07% 16.38% 

2+ rescue courses vs. < 2 rescue courses 0.421 <0.001*** 51.75% 18.70% 84.80% 0.372 <0.001*** 45.05% 25.89% 64.20% 

Constant 6.614 <0.001*** 
   

7.374 <0.001*** 
  

  

                      

***=significant at 1% level, **= significant at 5% level, *= significant at 10% level.  Constant evaluated at the reference category for each categorical variable and at the mean age of 
48.5 years and the mean % predicted FEV1 is 81.42%.†

 
Test that Hospital is jointly significant (Low cost scenario p-value < 0.001, High cost scenario p-value = 0.001) ‡

 
Test that BMI is 

jointly significant. (Low cost scenario p-value=0.109, High cost scenario p-value =  0.003) 

 

 



 Table A10: Regression analysis of Asthma medication costs for SRA patients  

  Ln(Asthma medication cost) -  low cost scenario Ln(Asthma medication cost) -  high cost scenario 

  Coefficient p-value Effect 
95% CI 
Lower 

95% CI 
Upper Coefficient p-value Effect 

95% CI 
Lower 

95% CI 
Upper 

  
     

  
   

  

Female vs. Male 0.084 0.126 8.74% -3.02% 20.51% 0.080 0.138 8.23% -3.15% 19.61% 

Age 0.005 0.578 0.53% -1.35% 2.41% -0.004 0.681 -0.39% -2.23% 1.46% 

Age^2 0.0001 0.509 -0.01% -0.03% 0.01% 0.0001 0.624 0.01% -0.02% 0.03% 

Brompton vs. Belfast
†
 -0.041 0.656 -3.67% -20.99% 13.66% 0.032 0.717 3.65% -14.56% 21.86% 

Leicester vs. Belfast
†
 -0.092 0.297 -8.46% -24.27% 7.35% -0.075 0.404 -6.84% -23.20% 9.52% 

Manchester  vs. Belfast
†
 -0.090 0.294 -8.29% -23.58% 7.01% -0.059 0.473 -5.50% -20.80% 9.79% 

Birmingham vs. Belfast
†
 0.398 0.002*** 49.98% 11.30% 88.67% 0.445 <0.001*** 57.16% 17.98% 96.34% 

Gartnavel vs. Belfast
†
 0.379 <0.001*** 46.56% 18.90% 74.22% 0.409 <0.001*** 51.05% 21.64% 80.47% 

Stobhill vs. Belfast
†
 0.055 0.596 6.18% -15.54% 27.91% 0.046 0.684 5.26% -17.90% 28.41% 

Best ever FEV1 % predicted -0.003 0.002*** -0.34% -0.55% -0.12% -0.002 0.019** -0.23% -0.43% -0.04% 

Maintenance Steroids Yes vs No 0.450 <0.001*** 55.47% 39.72% 71.23% 0.402 <0.001*** 48.48% 33.64% 63.31% 

Underweight vs. Normal weight
‡
 -0.016 0.887 -1.81% -23.50% 19.88% -0.150 0.159 -14.00% -32.07% 4.07% 

Overweight (25-29.99kg/m
2
) vs. Normal weight

‡
 -0.030 0.659 -3.11% -16.26% 10.04% -0.026 0.678 -2.77% -15.00% 9.45% 

Obese grade 1 (30-34.99kg/m
2
) vs. Normal weight

‡
 0.108 0.132 11.27% -4.33% 26.86% 0.095 0.170 9.96% -5.00% 24.91% 

Obese grade 2 (35-39.99kg/m
2
) vs. Normal weight

‡
 0.100 0.247 10.36% -8.38% 29.10% 0.082 0.352 8.30% -10.41% 27.01% 

Obese grade 3 (40kg/m
2
 plus) vs. Normal weight

‡
 0.127 0.136 13.12% -5.80% 32.04% 0.141 0.116 14.44% -5.69% 34.57% 

Current smoker vs Never smoker -0.123 0.130 -12.22% -26.29% 1.85% -0.115 0.179 -11.46% -26.47% 3.56% 

Ex –smoker  vs Never smoker -0.021 0.718 -2.21% -13.57% 9.14% -0.070 0.230 -6.85% -17.46% 3.77% 

2+ rescue courses vs. < 2 rescue courses 0.204 0.008*** 22.57% 3.94% 41.19% 0.104 0.127 10.78% -4.05% 25.60% 

Constant 7.028 <0.001*** 
   

7.427 <0.001*** 
  

  

                      

***=significant at 1% level, **= significant at 5% level, *= significant at 10% level.  Constant evaluated at the reference category for each categorical variable and at the mean age of 
48.5 years and the mean % predicted FEV1 is 81.42%.†

 
Test that Hospital is jointly significant (Low cost scenario p-value < 0.001, High cost scenario p-value < 0.001) ‡

 
Test that BMI is 

jointly significant. (Low cost scenario p-value=0.038, High cost scenario p-value =  0.003) 



Table A11: Regression analysis of logged Non-asthma medication costs for SRA patients  

  Ln(Non-asthma medication cost) 

  Coefficient p-value Effect 
95% CI 
Lower 

95% CI 
Upper 

  
    

  

Female vs. Male 0.048 0.739 4.31% -25.24% 33.85% 

Age -0.012 0.651 -1.16% -6.16% 3.85% 

Age^2 0.0001 0.184 0.04% -0.02% 0.09% 

Brompton vs. Belfast
†
 -0.018 0.932 -0.14% -42.50% 42.22% 

Leicester vs. Belfast
†
 -0.493 0.024** -37.59% -65.22% -9.96% 

Manchester  vs. Belfast
†
 -0.254 0.232 -21.02% -54.07% 12.03% 

Birmingham vs. Belfast
†
 0.318 0.404 46.40% -68.49% 161.28% 

Gartnavel vs. Belfast
†
 -0.003 0.990 2.38% -50.79% 55.55% 

Stobhill vs. Belfast
†
 0.576 0.073* 85.34% -31.64% 202.32% 

Best ever FEV1 % predicted -0.005 0.080* -0.54% -1.15% 0.07% 

Maintenance Steroids Yes vs No 0.467 0.002*** 57.53% 10.86% 104.19% 

Underweight vs. Normal weight
‡
 0.663 0.162 104.66% -90.63% 299.96% 

Overweight (25-29.99kg/m
2
) vs. Normal weight

‡
 0.085 0.657 7.74% -33.37% 48.84% 

Obese grade 1 (30-34.99kg/m
2
) vs. Normal weight

‡
 -0.106 0.582 -11.07% -44.90% 22.76% 

Obese grade 2 (35-39.99kg/m
2
) vs. Normal weight

‡
 0.336 0.244 36.63% -39.52% 112.78% 

Obese grade 3 (40kg/m
2
 plus) vs. Normal weight

‡
 0.361 0.239 33.70% -52.44% 119.83% 

Current smoker vs Never smoker -0.040 0.908 -3.86% -72.18% 64.45% 

Ex –smoker  vs Never smoker 0.107 0.480 11.18% -21.83% 44.19% 

2+ rescue courses vs. < 2 rescue courses 0.082 0.652 5.98% -33.22% 45.18% 

Constant 4.780 <0.001*** 
  

  

            

***=significant at 1% level, **= significant at 5% level, *= significant at 10% level.  Constant evaluated at the 
reference category for each categorical variable and at the mean age of 48.5 years and the mean % predicted FEV1 is 
81.42%.† Test that Hospital is jointly significant (p-value < 0.001) ‡ Test that BMI is jointly significant. (p-value =  
0.028) 



Discussion 

This study examines the annual healthcare costs in a well characterised cohort of SRA patients and examines the 

distribution and drivers of costs in this population.  

Novel therapeutic strategies and interventional approaches which are targeted at SRA come at a high cost.  

Therefore, understanding the economic costs, as well as cost drivers, is central to justifying the additional 

expense of new therapies in this population. 

The mean total treatment cost for SRA ranged between £2,912 (SD £2,212) and £4,217 (SD £2,449) depending on 

the assumptions made in the low and high cost scenarios. Among non-SRA patients, mean total cost ranged from 

£1,670 (SD= £1,149) to £2,788 (£1,449), but it is important to note that whilst this patient group did not have SRA 

after careful systematic assessment, they were referred to a Specialist Difficult Asthma service with difficult to 

manage disease. In a recent cost-of-illness study carried out on 462 patients aged 30-54 years with persistent 

asthma from 11 European countries (including the UK), total mean costs per patient were estimated at EUR 509 

(£451) for patients with controlled asthma and EUR 2,281 (£2,022) for patients with uncontrolled asthma(7).  

While this examined costs of uncontrolled asthma and not SRA, it is notable that the range of ‘difficult to control’ 

mean costs in our study (£1,670 to £2,788) is similar to their figure for uncontrolled asthma in this European-wide 

study. We add to this information here in demonstrating that SRA is additionally more expensive and exceeds the 

costs associated with many other chronic conditions (mean costs - Type II Diabetes £2,567; stroke £1,301; COPD 

£819; chronic kidney disease £235 [2% on Renal Replacement Therapy £27,000](8-10). 

One of the key observations of the study is that asthma medication is the major driver of total costs and not 

unscheduled healthcare attendance or hospital admission as previously thought. This implies that the overall cost 

of care in this population will significantly decrease if the price of the multiple drug therapies used by this 

population should reduce. This is likely to be most apparent for inhaled combination therapies, specifically with 

the arrival of generic combination inhalers. Finally, future studies examining the effect of novel therapies or 

interventions in SRA should consider a ‘medication reduction’ strategy in their development programme; 

specifically if a new therapy could provide a reduction in healthcare utilisation in parallel with a reduction in 

maintenance asthma medication use, it is more likely that such therapies will be cost effective.  

We found that subjects on maintenance OCS are 43% more expensive than those not receiving maintenance OCS. 

In those on maintenance steroids, asthma related medications were more expensive but notably, their non-

medication costs (healthcare utilisation) and non-asthma related medications were also significantly higher. Of 

note, non-asthma medication includes PPI and bisphosphonate therapy, which are examples of therapies used to 

manage side effects of OCS induced morbidity. This analysis does not specifically include the cost of steroid 

induced morbidity in SRA. Previous studies have attempted to cost steroid induced morbidity but not specifically 

in an asthma population. Manson et al (2009) reviewed OCS side effects by examining 63 studies where 21 

different types of adverse events were reported and estimated that the annual cost based on a review of all 

adverse events related to OCS use is £165 to treat the event per patient on OCS in the UK (11).  Sarnes et al(12) 

extended the review of Manson and examined a further 47 studies and identified a correlation with dose of OCS 



particularly in relation to fractures, peptic ulcer disease and myocardial infarction, with healthcare costs 

associated with these events estimated to be $18,358 to $26,472 per patient per year respectively. However, it is 

important to note that these studies did not focus on side effects of OCS in a SRA patient group.  Recurrent 

exacerbation is also a significant driver of costs, and we noted that subjects with more than 2 exacerbations 

requiring OCS were approximately 31% more expensive than subjects with less than 2 courses of rescue OCS 

which support targeting recurrent exacerbations with additional therapies.  

Establishing the costs and cost drivers of SRA will aid policymakers in examining the cost-effectiveness of 

currently available ‘add-on’ treatments for individuals with severe disease, such as omalizumab. Recent NICE  

guidance for use of omalizumab allows access to subjects receiving recurrent rescue and maintenance OCS(13).   

Our data support this analysis, as both subjects requiring recurrent rescue OCS for exacerbation and maintenance 

OCS are more expensive based on the 1 year costing model in this study. However, it remains to be seen what 

additional costs are associated with longer term maintenance OCS in this population, as this is likely to be a major 

additional driver of longer term costs in this population 

The association with obesity and asthma cost is novel and interesting – we have previously published data from 

the Registry to support that patients with SRA display particular characteristics according to BMI suggesting that 

obesity associated severe asthma may represent a distinct clinical phenotype(14). Cluster analyses of severe 

asthma populations has also identified obesity as a particular phenotype in severe asthma(15,16).  The 

association with increased cost may reflect this altered phenotype and poor response to treatment, a question 

that warrants further investigation.  

Our analysis does have some limitations. The exclusion of non-NHS and indirect costs provides an incomplete 

picture of the economic burden of SRA and the factors that drive this. The exclusion of dispensing fees means our 

estimates of medication costs are likely to be conservative. Similarly, as the Registry did not have complete 

records  for all healthcare visits, assumptions around these regarding costs were required however we do not 

think these threaten the validity of our analyses, as scheduled and unscheduled healthcare visits represent a 

relatively minor element of total cost and the cost ranges presented in the high and low cost scenarios are 

accurate. 

In conclusion this paper, using data from the BTS Difficult Asthma Registry, has estimated treatment costs for SRA 

patients in the UK to be between £2,912 and £4,217 per person per year. These costs are greater than those for 

patients with poorly controlled “difficult asthma” referred to the same clinics. The costs are dominated by asthma 

medication costs and importantly, these costs outweigh healthcare utilisation costs. Maintenance OCS and 

frequent exacerbations are important additional drivers of costs in this population. 

 

 

 

 



Legends to figures- 

Figure 2: Healthcare and Asthma Related Medication Costs for Non-Severe Refractory Asthma (Non-SRA) 

Figure 3: Medication costs for Severe Refractory Asthma (SRA) and Non-Severe Refractory Asthma 
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