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[bookmark: _Toc360693763]Unit costs
[bookmark: _Toc424666665][bookmark: _Toc360693764]Table 1 Unit costs for resource use
	Cost type
	Time assumptions
	Cost
	Source

	Primary care

	GP admin
	5 min
	£14.50
	[1]

	GP phone call
	7.1 min
	£20.00
	[1] table 10.8b p 191

	GP home visit
	23.4 min
	£85.00
	[1] table 10.8b p 191

	GP contact
	11.7 min
	£34.00
	[1] table 10.8b p 191

	Nurse phone call
	7.1 min
	£4.02
	[1] section 14.4, p236

	Nurse home visit
	27 min
	£15.30
	[1] section 14.4, p236, [2]

	Nurse contact
	15.5 min
	£8.78
	[1]section 14.4, p236

	Secondary care

	Day case
	-
	£697.00
	[1] section 7.1 p 107

	Outpatient visit
	-
	£135.00
	[1] section 7.1 p 107

	Inpatient stay
	-
	£3,283.00
	[1] section 7.1 p 107

	Allied health professionals/pharmacists*
	
	

	AHP  contact
	15.5  min
	£10.59
	[1] section 11.5 , p 201

	Pharmacist contact
	5.83 min
	£4.96
	[1] section 9.6 p.180, [3]

	AHP home visit
	27 min
	£18.45
	[1] section 11.5 , p 201 , [2] p.164

	AHP phone call
	7.1 min
	£4.85
	[1] section 11.5 , p 201

	Social care
	
	
	

	Home visit
	25.07 min
	£66.44
	[1] section 11.2 p 198, [4]

	Phone contact
	7.1 min
	£4.73
	[1] section 11.2 p 198

	Contact with social care/health worker
	25.07 min
	£16.71
	[1] section 11.2 p 198, [4]


*AHP: podiatrists, phlebotomists 


[bookmark: _Toc424666666][bookmark: _Toc360693765]Table 2 Unit costs for resource use in secondary care based on the descriptions from the resource use diaries.
	Cost type
	Category
	Description of Currency code*
	Unit cost[5]

	Outpatient
	Ophthalmology
	
	£85.90

	Outpatient
	BZ04B
	Lens Capsulotomy, with CC Score 
	£262.68

	Outpatient
	Respiratory Medicine
	
	£150.23

	Outpatient
	Physiotherapy
	
	£42.47

	Outpatient
	Trauma and Orthopaedics
	
	£109.65

	Day case
	Transient Ischaemic Attack
	
	£206.38

	Day case
	Diagnostic Imaging
	
	£37.06

	Day case
	BZ02C
	Phacoemulsification Cataract Extraction and Lens Implant, with CC Score -1
	£865.82

	Day case
	Cardiology
	
	£131.41

	Day case
	RA60A
	Simple Echocardiogram, 19 years and over
	£74.96

	Day case
	Diabetic Medicine
	
	£136.13

	Outpatient
	Anticoagulant Service
	
	£24.59

	Outpatient
	Hepatology
	
	£212.99

	Outpatient
	Clinical Haematology
	
	£150.62

	Outpatient
	Maxillo-Facial Surgery
	
	£110.02

	Outpatient
	Geriatric Medicine
	
	£204.19

	Outpatient
	Cardiac Surgery
	
	£298.74

	Outpatient
	Vascular Surgery
	
	£142.40

	Outpatient
	Gastroenterology
	
	£137.02

	Day case
	CZ08Y
	Minor Ear Procedures, 19 years and over without CC
	£740.72

	Day case
	FZ51Z
	Diagnostic Colonoscopy, 19 years and over
	£485.95

	Day case
	DZ50Z
	Respiratory Sleep Study
	£511.68

	Outpatient
	Rheumatology
	
	£139.66

	Outpatient
	Nephrology
	
	£157.69

	Day case
	General Surgery
	
	£128.20

	Day case
	BZ03B
	Non-Phacoemulsification Cataract Surgery, with CC Score 
	£981.66

	Day case
	BZ24G
	Non-Surgical Ophthalmology, without Interventions, with CC Score -1
	£363.46

	Outpatient
	Breast Surgery
	
	£138.11

	Outpatient
	Neurology
	
	£175.75

	Outpatient
	Cardiology
	
	£131.41

	Day case
	EA45Z
	Complex Echocardiogram, including Congenital, Transoesophageal and Foetal Echocardiography
	£718.96

	Outpatient
	Chemical Pathology
	
	£63.52

	Outpatient
	Diabetic Medicine
	
	£136.13

	Outpatient
	Accident & Emergency
	
	£116.88

	Day case
	Interventional Radiology
	
	£263.56

	Outpatient
	General Surgery
	
	£128.20

	Day case
	HA35Z
	Minor Foot Procedures for Trauma, Category 1
	£1,765.81

	Day case
	BZ04B
	Lens Capsulotomy, with CC Score 
	£262.68

	Day case
	Clinical Haematology
	
	£150.62

	Outpatient
	Colorectal Surgery
	
	£112.69

	Day case
	Gynaecology
	
	£129.81

	Day case
	Rheumatology
	
	£139.66

	Outpatient
	Endocrinology
	
	£151.95

	Day case
	FZ53Z
	Therapeutic Colonoscopy, 19 years and over
	£541.81

	Day case
	FZ52Z
	Diagnostic Colonoscopy with Biopsy, 19 years and over
	£554.48

	Outpatient
	Audiology
	
	£70.04

	Day case
	Ophthalmology
	
	£85.90

	Day case
	Accident & Emergency
	
	£116.88

	Day case
	Trauma and Orthopaedics
	
	£109.65

	Day case
	HA59Z
	Minimal Hand Procedures for Trauma, with length of stay 1 day or less
	£744.60

	Day case
	ENT
	
	£93.93

	Outpatient
	Dermatology
	
	£97.96

	Day case
	Dermatology
	
	£97.96

	Outpatient
	Medical Oncology
	
	£137.58

	Outpatient
	Stroke Medicine
	
	£199.56

	Outpatient
	Medical Ophthalmology
	
	£92.78

	Outpatient
	Transient Ischaemic Attack
	
	£206.38

	Outpatient
	General Medicine
	
	£153.33

	Day case
	HA79Z
	Minimal Elbow and Lower Arm Procedures for Trauma, with length of stay 1 day or less
	£653.58

	Day case
	Endocrinology
	
	£151.95

	Outpatient
	Urology
	
	£101.15

	Day case
	FZ42A
	Wireless Capsule Endoscopy, 19 years and over
	£687.67

	Day case
	Gastroenterology
	
	£137.02

	
	Diagnostic Imaging
	
	£37.06

	Outpatient
	Interventional Radiology
	
	£263.56

	Outpatient
	Pain Management
	
	£138.17

	Day case
	HB12C
	Major Hip Procedures for Non-Trauma, Category 1, without CC
	£2,524.89

	Outpatient
	Upper Gastrointestinal Surgery
	
	£119.68

	Outpatient
	Adult Mental Illness
	
	£221.49

	Outpatient
	ENT
	
	£93.93

	Day case
	AA29D
	Transient Ischaemic Attack with CC Score 8-1
	£782.47

	Day case
	HA93Z
	Foot Trauma Diagnosis without Procedure
	£678.78

	Outpatient
	Gynaecological Oncology
	
	£137.73

	Day case
	Neurology
	
	£175.75

	Outpatient
	Cardiac Rehabilitation
	
	£42.25

	
	General Medicine
	
	£153.33

	Outpatient
	Genitourinary Medicine
	
	£115.31

	Outpatient
	Gynaecology
	
	£129.81

	Day case
	EB04Z
	Hypertension
	£463.66

	Outpatient
	Dietetics
	
	£64.20

	Day case
	AA35F
	Stroke with CC Score -3
	£520.14

	Outpatient
	Occupational Therapy
	
	£63.10

	Day case
	Respiratory Medicine
	
	£150.23

	Day case
	Urology
	
	£101.15

	Day case
	FZ17G
	Abdominal Hernia Procedures, 19 years and over with CC Score 
	£1,361.26

	Day case
	JC43A
	Minor Skin Procedures, 13 years and over
	£623.84

	Inpatient
	EA19C
	Excess bed day cost
	£1,915.59

	Outpatient
	Obstetrics
	
	£122.35

	Inpatient
	NZ50C
	Planned Caesarean Section, with CC Score -1
	£1,353.08

	Outpatient
	Podiatry
	
	£42.16

	Outpatient
	Accident & Emergency
	
	£116.88

	Outpatient
	Respiratory Physiology
	
	£119.22

	Outpatient
	Liaison Psychiatry
	
	£107.69


*Description of 5 digit currency code as appeared on the NHS reference schedule





[bookmark: _Toc360693766]Disease specific models
A brief summary of the rationale, literature sources and search strategy, model structure, probabilities, effect of non-adherence, costs and utilities for each of the outcome measure-specific models is presented here. The models are provided in detail in the full report.[6]
[bookmark: _Toc383979180][bookmark: _Toc360693767]Hypertension-amlodipine model
The long-term health effects and costs of hypertension for adherence and non-adherence are modelled for two medicines: amlodipine (calcium channel blocker) and ramipril (ACE-inhibitor), which are the main index NMS drugs in the trial (30.8% and 20.9%, respectively). Additionally, since the effectiveness of angiotensin receptor blockers (ARB) antihypertensive treatment is similar to ACE-inhibitors, economic evaluation based on ACE-inhibitors reflects the third major drug group in the NMS study – ARB (the index NMS drug for 12.6% hypertensive patients). Furthermore, we wanted to represent the different effects of non-adherence in a general adult population (<65 years of age) and an older population (>65 years of age). Therefore, the amlodipine model assumes a starting age of 64.6 for males and 62.9 for females and the ramipril model assumes a starting age of 70.5 for males and 69.3 for females, all values derived from the NMS cohort.

[bookmark: _Toc349295684][bookmark: _Toc349298065][bookmark: _Toc360693768]The decision-analytic model
The decision-analytic model describes the possible treatment pathways of patients with essential hypertension newly prescribed amlodipine who are, and are not, adherent to amlodipine.
The Markov model is presented in Figure 1.  The model structure is identical for adherent and non-adherent patients. Four states are considered: WELL (patients treated by antihypertensive drugs with no cardiovascular events), NON-FATAL MI  (hypertensive patients after non-fatal first MI), NON-FATAL STROKE (hypertensive patients after non-fatal first stroke), DEATH. 
[bookmark: _Ref381874064][bookmark: _Toc392156111]Figure 1. Markov model of long-term health effects and costs of hypertension
[image: ]
The structure and transition probabilities are derived from the published cost-effectiveness analysis, comparing amlodipine and atenolol regimens [7], within the Anglo-Scandinavian Cardiac Outcomes Trial (ASCOT, [8]). The effect of non-adherence on these transition probabilities is based on a cohort study of the effect of non-adherence on outcomes in people taking antihypertensives.[9] Patients being in state WELL may experience (i) non-fatal MI, (ii) non-fatal stroke, or (iii) die i.e. fatal CHD (MI or other CHD event), fatal stroke, or death from all other causes. The effect of non-adherence is modelled by higher probabilities of (non-fatal and fatal) stroke, non-fatal MI, and fatal CHD for non-adherent patients when compared with adherent patients.
The model has a 1-year cycle (annual risks are clinically appropriate when modelling cost and effects of cardiovascular events). Patients are followed up until the age of 100. The mean age at entry is 64.6 for males and 62.9 for females (mean age of patients in the NMS study with a CCB as the first NMS drug). 
It is assumed that patients having, and surviving, the first cardiovascular event (MI or stroke) remain in the state non-fatal stroke, or non-fatal MI, so only the first cardiovascular events are considered as Markov states. However, subsequent cardiovascular events (recurrent events or other cardiovascular events) are incorporated in the model since costs, utilities, and mortality probabilities of stroke and MI survivors, assumed in the model, encompass the subsequent events: the estimates are obtained from the studies in which the first-event survivors were observed for subsequent years after the event and the estimates reflect the consequences of all possible subsequent events as well. 
Transition probabilities 
There are no data available from one study that demonstrate the effects of adherence and non-adherence on cardiovascular outcomes in amlodipine in particular or CCBs in general. Therefore, data on cardiovascular outcomes for adherent patients were combined with evidence of the effect of non-adherence to anithypertensives in general on the risks of cardiovascular events to generate the effect of non-adherence on the risks of cardiovascular events.
The model, reflecting the major cardiovascular consequences of hypertension, is similar to the model used in an economic evaluation comparing cost-effectiveness of amlodipine and atenolol [7], based on the ASCOT trial [8] – a randomized, multicentre trial in which two antihypertensive treatment strategies for the reduction of cardiovascular events were investigated in patients with no prior history of cardiovascular events. A revascularization state, incorporated in the above model, is omitted in our model since no evidence on the effect of non-adherence on the risk of revascularization hase been found (the inclusion of revascularization would not change the results significantly: in the economic evaluation of ASCOT-BPLA, no data on utility decrement for revascularization was collected, and the assumed decrement was very small - 0.03 during the first year after the event). Amlodipine-based regimens were assessed within the ASCOT blood pressure lowering arm (ASCOT-BPLA, 19 257 patients), which was stopped prematurely due to the higher efficacy of the amlodipine arm compared with atenolol-based therapy - after a median follow-up of 5.5 years. Probabilities of cardiovascular events, probabilities of fatal events, and mortality for MI and stroke survivors, for adherent patients, are based on regression equations presented in the economic evaluation of the ASCOT-BPLA trial [7], obtained from individual-patient ASCOT-BPLA data.
Probabilities of cardiovascular events for adherent patients, are obtained from the published results of exponential regression analyses based on individual-patient ASCOT data [7], from which risks for patients in the amlodipine arm were calculated. It is assumed that cardiovascular outcomes observed in the RCT reflect long-term risks of non-fatal MI, fatal CHD and stroke for adherent patients (based on the assumption that RCT design and participation ensures high adherence to treatment). The mean age at baseline for the patients in the ASCOT-BPLA trial (63.0 years) is similar to the mean age of the NMS trial patients with CCBs as the first NMS drug (63.6 years). 
Data on the impact of non-adherence to antihypertensive treatment on long-term cardiovascular outcomes were taken from a cohort study [9]) of 18 806 Italian patients (mean age at entry 62 years), followed for 4-5 years (recruited 2000-2001, observed until the end of 2005), who were newly treated with at least one antihypertensive drug (i.e. diuretics, beta-blockers, alpha-blockers, ACE inhibitors, CCBs, ARBs) in the 90 days after index diagnosis (patients were considered newly treated if they had not taken any antihypertensive agents 6 months before the index diagnosis). The authors reported the results of Cox-regression on cardiovascular events, defined as stroke, TIA, MI or angina (hazard ratio (HR) for adherence status, adjusted by the set of covariates: age, gender, use of antithrombotics, ≥5 concurrent medications, presence of diabetes mellitus, dyslipidaemia, prior hospitalization, use of combination of antihypertensive therapies, and presence of peripheral vascular diseases (model additionally weighted by the inverse estimated propensity scores)). Applying the (above) HR for the risks of non-fatal MI, fatal CHD, and stroke (identical HR for separate events), we assume that the effect of non-adherence on the risk of non-fatal MI, fatal CHD and on the risk of stroke is the same as the effect on the risk of cardiovascular event (defined as in this cohort study [9]), and that the effect of non-adherence reported in this study (various antihypertensive drugs) may be applied to obtain risks of cardiovascular events for patients non-adherent to amlodipine treatment. Adherence to antihypertensive treatment in this study was measured by the proportion of days on which a patient had medication available during the follow-up (proportion of days covered [PDC]). Patients were classified into the following adherence levels: high (PDC ≥ 80%), intermediate (PDC 40% to 79%), or low (PDC < 40%). Taking into account preliminary results on adherence in the NMS study (higher or medium adherence in Morisky scale observed), in the base-case scenario, we assume that non-adherent patients in the NMS study correspond to the intermediate PDC adherence level.
Costs
The annual healthcare costs per patient being in a particular health state are assumed to be identical for adherent and non-adherent patients. The difference in lifetime costs between adherent and non-adherent patients follow from the higher probabilities of cardiovascular events for non-adherent patients. 
The annual costs of non-fatal MI and non-fatal stroke states, assumed in our model, are based on a published economic evaluation [10], in which resource-use data observed in ASCOT–BPLA study [8] for a UK sample was used to calculate mean annual costs ([10] is a separate publication of the economic evaluation described above [7], the original mean annual costs of non-fatal MI and stroke are available in the on-line publication of [10]. Unit costs 2002-2006 (the trial period) were applied to estimate mean annual costs, estimates reflect 2006 values. 

Since the estimated costs of non-fatal MI and non-fatal stroke are based on all the resource-use data reported for the survivors of the first cardiovascular event (MI or stroke), the estimated costs reflect also the subsequent events (recurrent events and other cardiovascular events), which is consistent with our modeling approach. The costs of non-fatal MI and non-fatal stroke assumed in the NMS model are the mean cost estimates [10], inflated to cost year 2012/1013 using HSCI health service cost indices. [11]
Costs of the WELL state were calculated as the mean annual cost of newly prescribed medication, assuming the dosages observed in PharmOutcomes,[12] and attaching unit costs.[13]
Costs of fatal CHD and fatal stroke based on the UKPDS Outcomes Model 2010 (the software tool for estimation of long-term costs and effect of diabetes complications [14, 15], with implemented cost estimates (in 2004 values) reflecting health care resource use in the UK in year 2000), inflated to cost year 2012/1013 using HSCI health service cost indices.[11] It is assumed that the cost of fatal CHD (in our model) is equal to the cost of fatal MI in the UKPDS Outcomes Model. The estimated cost of fatal CHD is £1477.7 (95%CI: 1207.0, 1790.6), the cost of fatal stroke is £4338.9 (95%CI; 2481.8, 6965.6).[11, 15, 16]
Utilities
The utilities for particular health states are based on the analysis of EQ-5D data obtained from              26679 respondents of the Health Survey for England (2003, 2006).[17] The regression equation, presented in this paper is employed to calculate utilities dependent on age, sex, and history of cardiovascular events. In the case of non-fatal MI and non-fatal stroke states (MI and stroke survivors), to capture the effect of other cardiovascular conditions on a patient’s utility, we calculate the average disutility caused by particular events and other cardiovascular conditions (assuming the percentages of patients suffering from other cardiovascular conditions, for MI and stroke survivors separately, based on the Health Survey for England). These percentages are presented in Table 3. 
[bookmark: _Ref381875325][bookmark: _Toc392156071]Table 3. Proportions of patients with other cardiovascular conditions 
	
	No. respondents
	No. respondents with other conditions
	Percentage [%]

	MI in the previous 12 months (1st year after the MI)
	42
	11
	26.2

	MI before previous 12 months (subsequent years after MI)
	390
	184
	47.2

	Stroke in the previous 12 months (1st year after the MI)
	84
	8
	9.6

	Stroke before previous 12 months (subsequent years after stroke)
	368
	77
	20.9


Source: Ara and Brazier 2009, Table 1.[17]


[bookmark: _Toc383979181][bookmark: _Toc360693769]Hypertension-ramipril model
The decision-analytic model
The decision-analytic model describes the possible treatment pathways of patients with essential hypertension newly prescribed ramipril who who are, and are not, adherent to ramipril.
The Markov model is presented in Figure 2. The model structure is identical for adherent and non-adherent patients. Four states are considered: WELL (patients treated by antihypertensive drugs with no cardiovascular events), NON-FATAL MI  (hypertensive patients after non-fatal first MI), NON-FATAL STROKE (hypertensive patients after non-fatal first stroke), DEATH. 
[bookmark: _Ref381876686][bookmark: _Ref381876665][bookmark: _Toc392156113]Figure 2. Markov model of long-term health effects and costs of hypertension
[image: ]
The same structure as the hypertension-amlodipine model is applied but transition probabilities are obtained from Second Australian National Blood Pressure Study (ANBP2, [18], comparing ACE-inhibitors with diuretics. The effect of non-adherence is based on a survey conducted among participants of ANBP2.[19] Patients in the state WELL may experience non-fatal stroke, non-fatal MI, fatal cardiovascular event (MI, stroke, other fatal cardiovascular event), or die from all other causes. The effect of non-adherence is modelled by higher probabilities of non-fatal stroke/MI, and of fatal cardiovascular event, for non-adherent patients when compared with adherent patients. 
The model has a 1-year cycle (annual risks are sufficient when modelling the cost and effects of cardiovascular events). The costs and health effects (QALYs) are discounted by 3.5% rate. Patients are followed up until the age of 100. The ramipril model aims to estimate the effect of non-adherence for older patients. Therefore, it reflects the NMS study population aged over 65 with ACE-inhibitors or ARBs as the first NMS drugs (40 participants (15.6% hypertensive patients) for which the mean age is 72.9, broadly comparable with the mean age at baseline in ANBP2 (72.0, range 65-84)). Therefore, in the ramipril model, mean age at entry is 70.5 for males and 69.3 for females, derived from the NMS cohort.  
It is assumed that patients having the first cardiovascular event (e.g. stroke) remain in the state non-fatal stroke, so only the first cardiovascular events are considered as Markov states. However, the subsequent cardiovascular events (recurrent events or other cardiovascular events) are incorporated in the model since costs, utilities, and mortality probabilities of stroke and MI survivors, assumed in the model, encompass the subsequent events: the estimates are obtained from the studies in which the first-event survivors were observed for subsequent years after the event and the estimates reflect the consequences of all possible subsequent events as well. 
Transition probabilities 
Probabilities of non-fatal MI, non-fatal stroke and probablity of fatal cardiovascular event (defined as MI, stroke, coronary event, heart failure or other cardiovascular event) were obtained from ANBP2, a prospective, randomized, open-label study with blinded assessment of end points in 6083 hypertensive patients (65-84 years of age), comparing ACE inhibitors with diuretic agents.[18] Participants were followed for a median of 4.1 years. As shown in a recent meta-analysis [20], no trials assessing effectiveness of ACE-inhibitors in a European population with mean age closer to the NMS population was identified. Hence, the ANBP2 study for the Australian population was the most appropriate for obtaining risks of cardiovascular events (moreover, the effect of non-adherence to antihypertensive medication incorporated in the model is based on ANBP2 study, as described below).  
Transition probabilities for non-adherent patients were adjusted by the effect of non-adherence on the risks of cardiovascular events. A survey conducted in 4039 participants of the ANBP2 study was identified.[19] A short validated questionnaire using MMAS-8[21] was used to assess adherence to ACE-inhibitors and diuretic agents. Authors reported hazard ratios for various cardiovascular events, for adherence status, adjusted by age and sex. Consistent with our model structure and obtained transition probabilities, the risks of non-fatal MI and stroke, and the probability of fatal cardiovascular events (defined as in the ANBP2 study) for non-adherent patients are corrected by the hazard ratio for the first cardiovascular event (combining fatal and non-fatal events; no hazard ratios for particular first events were reported, nor separate hazard ratios for the first fatal and non-fatal event – hence, hazard ratio for the first cardiovascular event seems to be the optimal for our model structure).
The following transition probabilities, and mortality from other causes, are identical for adherent and not adherent branches of the model: 
· Probability of death for MI survivors was calculated based on the Oxford Record Linkage Study [22], a cohort of 387452 individuals in England who were admitted to hospital with a main diagnosis of AMI between 2004 and 2010 and who survived for at least 30 days. 
· Probability of death for stroke survivors (those who survived at least 30 days) was obtained from the study on 729 stroke patients from a UK population-based cohort study (Oxford Vascular Study), recruited from 2002 to 2007 with follow-up until 2010.[23]
Costs
The annual healthcare costs per patient being in a particular health state are identical to the hypertension-amlodipine model, apart from the mean annual cost of medication. Costs of fatal MI and fatal stroke are assumed based on UKPDS Outcomes Model 2010[footnoteRef:1] (the software tool for estimation of long-term costs and effect of diabetes complications [14, 15], inflated to cost year 2012/1013 using HSHC health service cost indices.[11] The estimated cost of fatal CHD is £1477.7 (95%CI: 1207.0, 1790.6), the cost of fatal stroke is £4338.9 (95%CI; 2481.8, 6965.6). [11, 15, 16] [1:  www.dtu.ox.ac.uk/outcomesmodel. The costs in Outcomes Model are updated to 2004 prices using the Hospital and Health Services Price Index and reflect health care resource use in the UK in year 2000. 
] 

Utilities 	
The utility associated with being in a particular health state is identical to the hypertension-amlodipine model.
[bookmark: _Toc383979182][bookmark: _Toc360693770] Asthma-beclometasone model
The decision-analytic model
The decision-analytic model describes the possible treatment pathways of patients with asthma newly prescribed an inhaled corticosteroid (ICS), beclometasone, who who are, and are not, adherent.
The Markov model is presented in Figure 3. The aim of successful control in asthma is to reduce the frequency and severity of acute exacerbations of asthma. The model structure reflects the long term effects of asthma that is successfully or sub-optimally controlled. The hypothesis is that non-adherent patients are more likely to be sub-optimally controlled. Therefore, the structure is identical for adherent and non-adherent patients, with the transition probabilities varying between the two groups. 
[bookmark: _Ref381883467][bookmark: _Toc392156114]Figure 3. Markov model of long-term health effects of asthma
[image: ]
Five states are considered: successful control, suboptimal control, primary care managed exacerbation, secondary care managed exacerbation, and death. The model structure and the definition of heath states are based on a published economic evaluation of asthma management strategies in Netherlands.[24] According to the Global Initiative for Asthma (GINA) guidelines, control status is the primary clinical target of asthma treatment,[25] and the structure in [24] is ideally suited to modelling asthma control. Table 4 summarises the detailed definitions of health states considered. The definition of the successful control state in the model is consistent with GINA guidelines.[25] Exacerbations can be mild, moderate, severe or fatal. Mild exacerbations are assumed to be controlled by the patient without recourse to healthcare and are excluded from this model. Moderate exacerbations are assumed to be managed in primary care and are thus termed “Primary care managed exacerbations” in the model. Severe exacerbations require admission to hospital and more intense management, and are termed “Secondary care managed exacerbations” in the model. In the event of a fatal exacerbation, the probability of this is combined with other causes of death. 
As asthma is caused by reversible inflammation of the airways [25], it is assumed that a patient returning to the states ‘controlled’ or ‘suboptimal control’ after an exacerbation event will accrue the same costs and benefits as a patient that has not previously experienced an exacerbation. 
[bookmark: _Ref381883759][bookmark: _Toc392156075]Table 4  Markov health states for the asthma-beclometasone model (Source: [25] and [24])
	State
	Definition

	Successful control
	Patients should not experience: night-time awakening due to asthma, emergency hospital visits, exacerbations, treatment related to adverse events causing a change in asthma therapy.
Patients are required to meet at least two of the following criteria: symptoms on ≤ 2 days, rescue bronchodilator used on ≤ 2 days, and total weekly use ≤ 8 puffs, morning peak expiratory flow ≥ 80% predicted.

	Suboptimal control
	Less than acceptable asthma control (e.g., patient’s health state does not meet the criteria for “successful control”) but the level of symptoms does not warrant any immediate intervention by a healthcare professional.

	Primary care managed exacerbation
	A situation in which a patient is managed in a primary care or outpatient setting by a healthcare professional for the treatment of an asthma exacerbation.

	Secondary care managed exacerbation
	A situation in which a patient experiences an asthma exacerbation that requires an admission to the hospital.

	Death
	All-cause mortality.



The asthma model reflects patients with asthma who have been newly prescribed an ICS, beclometasone, which is the main asthma drug prescribed in the NMS study (32.2% of new drugs prescribed for asthma). 
The model has a cycle length of one week. Patients are followed up until the age of 100. The mean age at entry is 49 (mean age of patients recruited to the NMS study, who have been prescribed beclometasone). 
Transition probabilities 
Transition probabilities were obtained from the calculations from a published economic evaluation of asthma management strategies.[26] The asthma health states in [26] are the same as in our model (and probabilities from [26] were used in [24]).  The calculation provides weekly transitions between health states in fluticasone propionate-treated patients with asthma, obtained from a 12-week, randomized, double-blind, parallel-group clinical trial.[27] There was no appropriate study in beclometasone that provided the necessary data to populate the model. Therefore, we have assumed that the effectiveness of fluticasone propionate is similar to beclometasone.
Transition probabilities for adherent patients
Transition probabilities were obtained from the calculation presented in [26], providing weekly distribution of transitions between health states in fluticasone propionate-treated patients with asthma, observed in a 12-week RCT.[27] The model in [26] contains an additional state, treatment failure (the only absorbing state in [26], due to no deaths observed in the RCT [27]), which is defined as discontinuation of treatment. Since the reason given by the authors for discontinuation of treatment (withdrawal) is the failure of treatment given to a particular patient, we assume that treatment failure is equivalent to an exacerbation. Hence, in our model, their treatment failure is merged with our two exacerbation states: primary care managed exacerbation and secondary care managed exacerbation (patients being in controlled or suboptimal state, who experience treatment failure, are assumed to be distributed between primary and secondary care exacerbation, 50% of patients for each exacerbation state). Their exacerbation patients experiencing treatment failure are assumed to experience secondary care exacerbation. The resultant distribution of transitions between health states and transition probabilities (excluding death state) are shown in Table 5 and Table 6.
[bookmark: _Ref381884723][bookmark: _Toc392156076]Table 5 The distribution of transitions between health states (weekly) – adherent patients
	From/To
	Successful control
	Sub-optimal control
	Primary care exacerbation
	Secondary care exacerbation

	Successful control
	306
	58
	5
	2

	Sub-optimal control
	64
	382
	8
	5

	Primary care exacerbation
	3
	3
	2
	2

	Secondary care exacerbation
	1
	1
	1
	2


Source: [3] assuming that treatment failure state in [3] is combined with exacerbation states.
[bookmark: _Ref381884926][bookmark: _Toc392156077]Table 6. Transition probabilities excluding death state (weekly) – adherent patients
	From/To
	Successful control
	Sub-optimal control
	Primary care exacerbation
	Secondary care exacerbation

	Successful control
	0.8248
	0.1563
	0.0135
	0.0054

	Sub-optimal control
	0.1394
	0.8322
	0.0174
	0.0109

	Primary care exacerbation
	0.3000
	0.3000
	0.2000
	0.2000

	Secondary care exacerbation
	0.2000
	0.2000
	0.2000
	0.4000


Source: Transition probabilities calculated from Table 5. 
Due to the long-term time horizon of our model, we incorporated a death state  (not considered in [3], nor [25]). Transitions probabilities from each state to death were taken from life tables,[28] (assuming 28.1%of females, equal to the percentage of females in the group of NMS beclometasone patients). Given weekly transition probabilities (cf. Table 6), for example, from controlled to sub-optimal asthma control, 0.1563, and probability of death, p, the resultant (weekly) transition probability is (1 – p) x 0.1563.
In the absence of data, we assumed no excess deaths from exacerbations (NMS patients starting ICS are at minimal asthma death risk, and near-fatal exacerbations are very rare). The same assumption was made in [24], where the population with asthma severity, similar to the NMS population, was considered.  This is a conservative assumption: higher mortality from exacerbation would decrease survival in the non-adherent group since we assume (i) higher probability of sub-optimal asthma control from successful control state for this group and (ii) higher probability of exacerbation from sub-optimal asthma control state.
Transition probabilities for non-adherent patients
The hypothesis is that non-adherent patients are more likely to be sub-optimally controlled. Therefore, the effect of non-adherence was modelled through the application of a higher transition probability from successful asthma control to sub-optimal control for non-adherent patients, compared with adherent patients. Consequently, for non-adherent patients the probability of remaining in the state “successful control” is decreased (keeping all other transition probabilities unchanged). 
In the absence of evidence to the contrary, it is assumed that there is no direct effect of non-adherence on the transition probabilities from successful control to different severities of exacerbation or death, and that the negative effect of non-adherence on a patient’s health state is only due to the higher probability of sub-optimal asthma control, and subsequent exacerbations. 
The effect of non-adherence on asthma control was not reported reliably in the literature. Therefore, we derived the effect of non-adherence on asthma control from baseline data of the SIMPLE study (observational trial of community pharmacy SIMPLE approach to asthma management [SIMPLE]), combining adherence to ICS assessed using prescription refill data in previous 6 months and Asthma Control Test[29] (ACT, 0≤ACT≤25) results.[30] Defining adherence status in a standard way, i.e. adherent patients collected ≥80% of their ICS prescriptions, and asthma controlled as ACT≥20 [SIMPLE], we analysed the effect of adherence on asthma control. Logistic regression, controlling for age, sex, and smoking status, was applied (based on a complete-case sample of 60 patients from 125 recruited to the study). We found that the odds of non-controlled asthma is significantly lower for adherent patients OR = 0.314 (95%CI: 0.099, 0.996), p-value= 0.049. The obtained effect of adherence was applied to adjust the transition probability from controlled asthma to sub-optimal control for non-adherent patients.
The SIMPLE study population is similar to the NMS asthma population (adult patients accessed in community pharmacies and prescribed ICS for asthma). We assumed that the reduction in the probability of being in non-controlled asthma for adherent patients (compared with non-adherent patients) observed in the SIMPLE study (at baseline, prior to any intervention) may reflect the reduction in transition probability from controlled asthma to sub-optimal control for adherent patients compared with non-adherent patients (and increase in transition probability for non-adherent when compared with adherent patients). That is, the effect of non-adherence (OR) may be used to estimate the increase in transition probability from controlled asthma to sub-optimal control for non-adherents patient compared to adherent patient: from OR = 0.314, and having transition probability from controlled asthma to sub-optimal control for adherent patients is equal to 0.1563 (Table 6), we know that transition probability from controlled asthma to sub-optimal control for non-adherent patients is 2.37 times higher. 
Costs
Costs accrued in successful control and sub-optimal control health states were taken from [24] (supplementary materials), a cost-utility analysis of a regional Disease Management Programme (DMP) in the Netherlands, comparing the DMP with standard care. Costs of health states considered are taken from the ‘standard care’ arm of the study.[24] These costs are per patient, and reported for patient treatment provided within three services: GP, Respiratory Nurse Specialist, and pulmonologist. Identified costs most closely reflect resource use and treatment consistent with the defined health states, and asthma ‘standard care’ management in Netherland in 2004 can be considered similar to the UK setting. No studies, which could reflect UK clinical practice better, were found (no recent studies identified, no studies reflecting the NMS population). Costs in Euros, presented in [24], were converted to GBP using historical exchange rates (December 2004), and inflated to 2012-2013 prices using HSCI health service cost indices.[11] Bi-weekly costs in [24] were transformed to weekly costs (divided by 2).  
Costs accrued in exacerbation states are taken from [26], to reflect UK-specific primary care and hospital resources used. Weekly costs reflecting 2000 values [26] were inflated to 2012-2013 prices using HSCI health service cost indices.[11] 
Utilities
For the health states “successful control” and “sub-optimal control”, utility values are taken from [31] to reflect the health states defined in the model and UK population. These values were derived from the Asthma Quality of Life Questionnaire (AQLQ, [32]) scores in [33], where the regression results with control status as explanatory variable, including a dummy for UK patients, are presented. As ‘well-controlled’ (rather than ‘total control’) is primarily the target of treatment in practice [31, 33], so utility values for ’well-controlled’ as defined in [33] are used for our Markov state “successful control”.
The utility values for the two exacerbation states (primary-care managed and secondary-care managed exacerbation) are taken from a study designed specifically to measure the impact of exacerbations on health-related quality of life (HRQoL).[34] A limitation of using these scores is that they are based on asthma patients with more severe disease than the NMS study population. The study authors[34] contend that recruitment of more severely-ill patients was necessary to generate data for exacerbations, suggesting credible exacerbation-utilities for less sick patients (who have fewer exacerbations) are not available. Our search of available literature did not discover any credible utility values for exacerbations in less severely ill patients.

[bookmark: _Toc360693771]COPD tiotropium model
The decision analytic model
The decision-analytic model describes the possible treatment pathways of patients with COPD newly prescribed tiotropium who who are, and are not, adherent to tiotropium.
Figure 4 presents the Markov model. The structure is identical for adherent and non-adherent patients. A patient may suffer from moderate, severe or very severe COPD, and during that time they may experience severe or non-severe exacerbations. Exacerbation severity depends on whether the exacerbation requires hospitalisation (severe) or medical management in community/primary care(non-severe)[35]. The following 10 Markov states are included: moderate COPD, severe COPD, very severe COPD; moderate COPD with non-severe or severe exacerbation; severe COPD with non-severe or severe exacerbation; very severe COPD with non-severe  or severe exacerbation; death.
[image: ]
[bookmark: _Ref381890105][bookmark: _Toc392156115]Figure 4 Markov model for COPD-tiotropium
1.3 Transition probabilities
In the model, we assume that initially all COPD patients suffer from moderate COPD and their disease progresses to more severe stages over time. Furthermore, the probability of backward transition to a different stage after the first year is zero, reflecting the progressive nature of COPD in general.[36] Transition probabilities for all events and exacerbations (see main paper) were obtained from [37]. The cycle length of the model is one month. The patients’ entry age is 65.9 years, the mean age of the COPD cohort in the NMS study.
Effect of non-adherence
Little data on the effect of adherence in COPD are available. The most relevant results about adherence in COPD were available from[38]. Based on the database of the “Toward a revolution in COPD health “(TORCH) study[39], they tried to find associations between mortality, the  rate of severe exacerbations and good adherence. Adherent patients had 60% (HR:0.4; 95%CI:0.35-0.46) lower risk of death and 44%(RR:0.56;95%CI:0.48-0.65) lower rate of severe exacerbations. [38] We found no data to inform the effect of adherence on non-severe exacerbations, so assumed that the HR was equivalent to severe exacerbations. In the model, the adherence effect was implemented by increasing the probabilities of death and exacerbations (severe and non-severe) for non-adherent COPD patients. 
Costs
Two types of costs are included in the model, recurrent monthly management costs and treatment costs due to an exacerbation.  Recurrent costs include costs of medication, examinations, procedures, outpatient visits and costs of scheduled GP visits. The method for estimating the monthly costs for every COPD state was taken from [40]. This study contained information for severe and very severe COPD state monthly costs but not for the moderate state. Therefore a monthly cost was generated for the moderate COPD state, that was based on resource use from [40]  and resource use values found in[36].
Patients in the model can experience both severe and non-severe exacerbations. Severe exacerbations were considered to require hospital admission, whereas non-severe exacerbations are assumed to be treated in the primary care setting, costing methods were taken from [41]. 
Standard unit cost sources were used for drug costs [13] and NHS costs.[1, 42] 
[bookmark: _Toc392156085]Table 7 Monthly cost of management of moderate COPD for Markov model [36, 40]
	Cost category
	Resource use
	Unit cost/£
	Total cost per month/£
	Assumption/Source

	Tiotropium (Spiriva)
	18 mcg once daily
	30-cap refill pack 33.50
	33.97
	[13] 

	Outpatient visit respiratory physician
	0.38 per year†
	137
	4.34
	OPATT: code 340  consultant led follow-up attendance  non-admitted face to face.[42]

	Spirometry
	0.55 per year†
	80
	3.67
	Cost year 2009/10 in the original reference. Costs were inflated to 2012 for use in this model[11]

	Influenza vaccination
	75% of patients annual vaccination
	4.15
	0.26
	[13]

	Oxygen therapy
	1.78 days†
	2.42*
	4.30
	

	Monthly cost
	46.53
	


†Values taken from [36] 
*Based on [43] claims(p.6), the annual cost of 15000 people that were found to have no recorded oxygen use was £13 million, which translates into £2.37 of oxygen cost per patient per day. This value was £2.42 in 2012 prices
OPATT: outpatient attendance 
[bookmark: _Toc392156086]Table 8 Monthly cost of management of severe COPD for Markov model[40]
	Cost category
	Resource use
	Unit cost/£
	Total cost per month/£
	Assumption/Source

	Tiotropium (Spiriva)
	18 mcg once daily
	30-cap refill pack 33.50
	33.97
	[13] 

	Outpatient visit respiratory physician
	2x per year
	137
	22.83
	OPATT: code 340  consultant led follup attendance  non-admitted face to face.[42]

	Spirometry
	2x per year
	80
	13.33
	Cost year 2009/10 in the original reference. Costs were inflated to 2012 for use in this model[11]

	Influenza vaccination
	75% of patients annual vaccination
	4.15
	0.26
	[13]

	Oxygen therapy
	3.69 days†
	2.42*
	8.93
	. 

	Monthly cost
	79.32
	


†Value taken from([36] 
*Based on [43] claims(p.6), the annual cost of 15000 people that were found to have no recorded oxygen use was £13 million, which translates into £2,37 of oxygen cost per patient per day. This value was £2.42 in 2012 prices
OPATT: outpatient attendance.
[bookmark: _Toc392156087]Table 9 Monthly cost of management of very severe COPD for Markov model[40]
	Cost category
	Resource use
	Unit cost/£
	Total cost per month/£
	Assumption/Source

	Tiotropium (Spiriva)
	18 mcg once daily
	30-cap refill pack 33.50
	33.97
	[13] 

	Outpatient visit respiratory physician
	4x per year
	137
	45.67
	OPATT: code 340  consultant led follow-up attendance  non-admitted face to face[42]

	Spirometry
	4x per year
	80
	26.67
	Cost year 2009/10 in the original reference. Costs were inflated to 2012 for use in this model[11]

	Influenza vaccination
	75% of patients annual vaccination
	4.15
	3.11
	[13]

	Oxygen therapy
	6.49 days†
	2.42*
	15.72
	

	Monthly cost
	125.13
	


†Value taken from([36] 
*Based on [43] claims(p.6), the annual cost of 15000 people that were found to have no recorded oxygen use was £13 million, which translates into £2.37 of oxygen cost per patient per day. This value was £2.42 in 2012 prices
OPATT: outpatient attendance
[bookmark: _Toc392156088]Table 10 Cost of non-severe exacerbation for Markov model
	Cost category 
	Resource use
	Unit cost/£
	Total cost/£
	Assumption

	GP consultation†
	1 (proportion 2/3)
	45
	30.00
	2/3 patients treated by GP, 1/3 treated by A&E. GP consultation: 11.7 minutes. Qualification and direct staff costs included

	A&E (no admission)‡
	1(proportion 1/3)
	115
	38.33
	2/3 patients treated by GP and 1/3 treated by A&E. NHS ref.cost code: VB06Z Accident and Emergency : Not leading to admission

	Prednisolone 30mg*
	7 days (proportion 1/2)
	0.58
	2.03
	50% are treated for 7 days and the rest for 14 days 1 25mg tablet and 1 5mg

	Prednisolone 30mg*
	14 days (proportion(1/2)
	0.58
	4.06
	

	Co-amoxiclav 500mg*
	3 days (proportion 1/2)
	0.31
	0.4
	50% are treated for 3 days and the rest for 7 days 2 tablets per day

	Co-amoxiclav 500mg*
	7 days (proportion 1/2)
	0.31
	1.09
	

	Average cost of community treated exacerbation
	75.97
	


Source:†[1],‡[42],*[13]
[bookmark: _Toc392156089]Table 11 Deriving a weighted cost of severe exacerbation from NHS reference costs
	Currency code and description*
	Non-elective long-stay
	Non-elective short-stay

	
	Activity
	Unit cost
	Activity
	Unit cost

	DZ21A COPD or Bronchitis, with length of stay 1 day or less, discharged home
	3064
	1282
	82897
	427

	DZ21L COPD or Bronchitis, with Intubation
	118
	2423
	69
	762

	DZ21M COPD or Bronchitis, with NIV, without Intubation, with CC Score 8+
	1068
	3375
	140
	630

	DZ21N COPD or Bronchitis, with NIV, without Intubation, with CC Score 4-7
	2764
	2306
	430
	593

	DZ21P COPD or Bronchitis, with NIV, without Intubation, with CC Score 0-3
	2304
	2015
	343
	521

	DZ21Q COPD or Bronchitis, without NIV, without Intubation, with CC Score 13+
	958
	4103
	110
	692

	DZ21R COPD or Bronchitis, without NIV, without Intubation, with CC Score 10-12
	4707
	2993
	612
	551

	DZ21S COPD or Bronchitis, without NIV, without Intubation, with CC Score 7-9
	13781
	2269
	2205
	606

	DZ21T COPD or Bronchitis, without NIV, without Intubation, with CC Score 4-6
	33324
	1843
	5338
	506

	DZ21U COPD or Bronchitis, without NIV, without Intubation, with CC Score 0-3
	44967
	1459
	7033
	534

	Weighted mean
	1823
	446

	Weighted mean of every hospitalization
	1161

	Weighted cost of ambulance transportation**
	212

	Mean cost of a hospital treated exacerbation#
	1372


*Currency codes from NHS reference costs 2012-13[42]
** Assumed that 90% of patients are transferred by ambulance. Assumption taken from [40]. 
#[sum_activity units x sum_national average unit cost)LONG STAY +(sum_activity units x sum_national average unit cost)SHORT STAY]/ [(sum_activity units)LONG STAY+(sum_activity units)SHORT STAY] 
Abbreviations: CC: Complications or Comorbidities, NIV: Non-Invasive Ventilation
Utility values
The utility values of particular health states are based on utility values for the COPD stages (Moderate COPD, Severe COPD, Very Severe COPD, Death) of the model from [44, 45]. Those utility values represent the preferences of the UK population for every stage of COPD severity, and utility decrements due to severe and non-severe exacerbation found in [35, 46].
[bookmark: _Toc383979184][bookmark: _Toc360693772]Diabetes-metformin model
The decision-analytic model
The decision-analytic model describes the possible treatment pathways of patients with type 2 diabetes newly prescribed metformin who who are, and are not, adherent to metformin.
The Markov model is presented in Figure 5. The model structure is identical for adherent and non-adherent patients. The health states reflect a patient experiencing up to one or two diabetes complications: – ischaemic heart disease (IHD), myocardial infarction (MI), congestive heart failure (CHF), stroke, amputation, blindness, renal failure. 
The possibility that patients develop up to two separate diabetes complications was incorporated in the model to better reflect the multi-morbidity of some of the patient cohort. That is, the following 51 Markov states are considered: 
· WELL (diabetes patients treated by metformin)
· NON-FATAL  IHD, MI, CHF, stroke, amputation, blindness, renal failure (7 states)
· NON-FATAL MI, CHF, stroke, amputation, blindness, renal failure + IHD (6 states)
· NON-FATAL IHD, CHF, stroke, amputation, blindness, renal failure + MI (6 states)
· NON-FATAL IHD, MI, stroke, amputation, blindness, renal failure + CHF (6 states)
· NON-FATAL IHD, MI, CHF, amputation, blindness, renal failure + stroke (6 states)
· NON-FATAL IHD, MI, CHF, stroke, blindness, renal failure + amputation (6 states)
· NON-FATAL IHD, MI, CHF, stroke, amputation, renal failure + blindness (6 states)
· NON-FATAL IHD, MI, CHF, stroke, amputation, blindness + renal failure (6 states)
· DEATH, 
where NON-FATAL ‘diabetes complication1’ state reflects patients suffering from particular complication only, and where NON-FATAL ‘diabetes complication2 + complication1’ state reflects patients suffering from two diabetes complications (complication 2 occured after complication 1).
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[bookmark: _Ref381879125][bookmark: _Toc392156116]Figure 5. Markov model of long-term health effects and costs of diabetes

The diabetes model reflects patients with type 2 diabetes who have been newly prescribed metformin which is the main diabetic drug in the NMS study (49% diabetic patients in the study). The structure and transition probabilities of the Markov model are based on a published simulation model from the United Kingdom Prospective Diabetes Study (UKPDS) – UKPDS68.[14] The effect of non-adherence is modelled by a higher level of HbA1c [47], resulting in estimated higher probabilities of diabetes complications.  CHF -  congestive heart failure ,  MI - myocardial infarction, IHD – ischaemic heart disease


The model has a 1-year cycle. Patients are followed up until the age of 100. Mean age at entry is 56.5 (mean age for patients recruited to the NMS study with metformin). 
Transition probabilities
The transition probabilities of the Markov model are based on UKPDS68 equations [14], using data on 3642 (type 2 diabetes) patients from UKPDS for whom annual data on potential risk factors were available.[48] In 1977-1991, 5102 patients (25-65 years) with newly diagnosed type 2 diabetes were recruited to the study. Inclusion criteria were: two subsequent measurement of fasting plasma glucose >6 mmol/l, no recent history of MI, IHD or CHF, and no more than one major vascular event or severe concurrent illness that would limit life expectancy. During the study HbA1c, SBP, and lipid and lipoprotein fractions (included in the model as total cholesterol/HDL ratio (total:HDL)), were reported. 
To estimate the risks of diabetes complications, Weibull regression equations were applied, with age at diagnosis, sex, SBP, HDL, HbA1c, smoking status, afro-carribean ethnicity, BMI, and HbA1c as covariates (7 equations, for each complication considered: MI, CHF, stroke, renal failure, amputation, blindness, IHD; cf. UKDPS68, Table 2, page 7 [14]). The estimated risk of renal failure is the only one not HbA1c-dependent. 

Case-fatality probabilities were obtained from logistic regression with age and HbA1c covariates, and mortality after occurrence of complication(s) – from Gompertz regression with age at first diabetes complication (affecting survival) and HDL as covariates.[14] Case-fatality and mortality equations were applied for all the complications, except IHD and blindess (for which mortality is assumed as for general population). The following input parameters were assumed in our model: 
· age at diagnosis = 55.7(=56.5-0.8) years, where 0.8 year (9.6 months) is condition length in the NMS study for patients with metformin as the first drug
· 42.5% females (NMS metformin group), 0% - Afro-Carribean ethnicity (no Afro-Carribean patients in metformin group, 3 and 4% in diabetes and NMS study group, respectively)
· smoking status: females (23% current smokers) and males (24% current smokers)[49]
· BMI = 31.6 - baseline value for metformin group in UKPDS study (UKPDS34[48])

Panel regression equations were applied to estimate HbA1c, SBP, and total:HDL in the years after diagnosis of diabetes, with time since diabetes diagnosis, and lagged/moving average values of those parameters, as covariates (UKDPS68, Table 4, page 8 [14]). Baseline values are assumed to be equal to baseline data for the metformin group in the UKPDS study (UKPDS34[48]): SBP and total:HDL levels at diagnosis and in subsequent years are the same for adherent and non-adherent patients (assuming SBP=140 and total:HDL=5.28 at diagnosis). HbA1c levels at diagnosis and in subsequent years are different for adherent and non-adherent patients (assuming HbA1c = 7.3 at diagnosis for adherent patients (UKPDS34[48])).   

The effect of non-adherence is modelled through a higher level of HbA1c assumed for patients non-adherent to antidiabetic medications. In a study analysing non-adherence to antidiabetic medications (using MMAS-8[21]) and HbA1c level in 301 patients with diagnosed type 2 diabetes in the US, [47] good adherence (MMAS-8 score≥3) was associated with 10% lower HbA1c (p=0.0003), controlling for age, duration of diabetes, gender, number of antidiabetic agents, ethnicity, BMI, level of education, and insulin-containing regimen. In our model, it is assumed that: 
· HbA1c levels after after diabetes diagnosis for patients adherent to metformin: HbA1c at diabetes diagnosis for metformin group = 7.3 (UKPDS34[48]) and UKPDS68 equation (Table 4, page 8 [14])
· HbA1c levels in after diabetes diagnosis for patients non-adherent to metformin treatment: HbA1c levels for adherent patients (above) corrected by the effect of non-adherence (HbA1c values for non-adherent patients in subsequent years are 1.105 (95%CI: 1.047, 1.166) times higher [47] than (above) values for adherent patients).
Costs  
Costs of fatal and non-fatal diabetes complications are assumed based on the UKPDS Outcomes Model 2010 (the software tool for estimation of long-term costs and effect of diabetes complications [14, 15], with implemented cost estimates (in 2004 values) reflecting health care resource use in the UK in year 2000), inflated to cost year 2012/1013.[11] Confidence intervals are extrapolated from the results of published cost study on 3488 UKPDS patients, incorporating resource use data from 1996-1997.[16] In the case of two complications, costs are additive, including costs of fatal events (second complication). For example, if a patient being in state MI (non-fatal MI in subsequent years) experiences stroke, cost of non-fatal stroke in the first and subsequent years, added to costs of MI in subsequent years, are assumed (incorporating costs of fatal stroke as the weighted average costs of stroke, having the percentage of fatal events).   
Costs of the WELL state were calculated as the mean annual cost of newly prescribed medication (metformin), assuming the dosages observed in PharmOutcomes,[12] and attaching unit costs.[13]
Utilities
The utilities of particular health states are calculated based on:
· utilities for well state obtained from the analysis of EQ-5D data of 26 679 respondents of Health Survey for England (2003, 2006).[17] The regression equation, presented in this paper, is employed to calculate utilities dependent on age and sex, assuming no history of cardiovascular events (and percentage of females as in the NMS study metformin group)
· utility decrements assumed in UKPDS68 study, based on UKPDS Outcomes Model 2010.[14, 15] In the case of two complications, utility decrements are assumed to be additive. 
[bookmark: _Toc383979185][bookmark: _Toc360693773]Antiplatelets/anticoagulants-aspirin model
The decision-analytic model
The decision-analytic model describes the possible treatment pathways of patients with a first prescription of aspirin for the secondary prevention of cardiovascular events, who are, and are not, adherent to aspirin.
The Markov model is presented in Figure 6. The model structure is identical for adherent and non-adherent patients. Four states are considered: EVENT FREE (secondary prevention patients who have been prescribed aspirin, patients after first cardiovascular event: MI or stroke, no second cardiovascular event), non-fatal MI  (patients after second cardiovascular event: non-fatal MI), non-fatal stroke (patients after second cardiovascular event: non-fatal stroke), death. 
[bookmark: _Ref382817111][bookmark: _Toc392156117]Figure 6. Markov model of long-term health effects and costs of aspirin-based secondary prevention
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The model has a 1-year cycle (annual transition probabilities were obtained from published sources, and annual risks are sufficient when modelling cost and effects of cardiovascular events). The costs and health effects (QALYs) are discounted by 3.5%. Patients are followed-up until the age of 100. Mean age at entry is 59.1 (mean age for patients recruited to the NMS study with a prescription of aspirin) and the percentage of females is 47.6% (the percentage of females in aspirin-NMS cohort).
It is assumed that patients having, and surviving, a subsequent event (MI or stroke) move to the state non-fatal stroke or non-fatal MI. Further events after this (recurrent events or other cardiovascular events) can also occur. The costs, utilities, and mortality probabilities of stroke and MI survivors in the model encompass any further events. Estimates for these parameters have been obtained from studies in which MI/stroke survivors were observed for subsequent years after the index event, so the estimates reflect the consequences of all possible subsequent events. 
Transition probabilities 
Probabilities of cardiovascular events were obtained from two nested case-control studies analysing cohorts of patients with a first prescription of aspirin, identified in The Health Improvement Network (THIN) database (large database that contains systematically recorded data on patients enrolled in primary care practices in the United Kingdom) [50, 51]. Both studies analysed the same cohort of 39 513 individuals (aged 50-84) with a first prescription of aspirin.  

In [50], patients were followed up for a mean of 3.2 years to identify cases of non-fatal MI or death from CHD (1222 cases, 5000 controls). Probabilities of non-fatal and fatal MI were calculated from reported rates per 1000 patient-years for non-fatal MI and MI/CHD death by 3 age groups (50-64, 65-74, 75-84 years)  [[50], webappendix]. 

In [51], patients were followed up for a mean of 3.4 years to identify cases of ischaemic stroke and TIA (673 cases, 5000 controls). Probabilities of non-fatal and fatal stroke were calculated from reported rates per 1000 patient-years for non-fatal stroke and stroke death by 3 age groups (50-64, 65-74, 75-84 years)  [[51], personal communication]. 

Transition probabilities for non-adherent patients were adjusted by the effect of non-adherence on the risks of cardiovascular events. In both studies [50, 51], lack of adherence has been investigated as a reason for aspirin discontinuation. Patients were classed as non-adherent if discontinuation of aspirin occurred in the absence of GP treatment change, adverse event, and the use of over the counter aspirin.  Adjusted rate ratios for MI/CHD death [50] and for stroke/TIA [51], comparing  recent aspirin discountinuers due to non-adherence vs. current users, were reported. These rate ratios were applied to obtain rates for non-adherent patient, and resultant probabilities of non-fatal and fatal cardiovascular events. 
The following transition probabilities, and mortality from other causes, are identical for adherent and non-adherent branches of the model: 
· Probability of death for MI survivors was calculated based on the Oxford Record Linkage Study [22] the cohort of 387 452 individuals in England who were admitted to hospital with a main diagnosis of AMI between 2004 and 2010 and who survived for at least 30 days. 
· Probability of death for stroke survivors (those who survived at least 30 days) was obtained from the study on 729 stroke patients from a UK population-based cohort study (Oxford Vascular Study), recruited from 2002 to 2007 with follow-up until 2010.[23]
That is, we assume that survival after the second cardiovascular event is the same as after first event (we apply survival probabilities the same as in hypertension models since no data on mortality after second event found). The rationale for this assumption is that higher mortality for second events is rather due to higher percentage of fatal cases (death just after second event) which is incorporated in probabilities of fatal events ((a) and (b), Table 12 below). Table 12 presents the transition probabilities for the aspirin model.
[bookmark: _Ref382827027][bookmark: _Toc392156094]Table 12 Transition probabilities – antiplatelets/anticoagulants-aspirin model
	Parameter
	Estimate
	Source

	Transition probability (death for event-free secondary prevention patients), (a)+(b)+(c) or (a’)+(b’)+(c)

	(a) Probability of fatal MI/CHD for adherent patient
	Annual probability calculated from rate per 1000 patient-years for MI/CHD death (by age group)
	[50], webappendix, Table B

	(b) Probability of fatal stroke for adherent patient
	Annual probability calculated from rate per 1000 patient-years for stroke death (by age group)
	[51], personal communication

	(a’) Probability of fatal MI/CHD  for                   non-adherent patient
	Probability obtained from rate for non-adherent patient, incorporating:                                                                                                               - rate per 1000 patient-years for MI/CHD death (by age groups)    
- effect of non-adherence for MI/CHD 

	(b’) Probability of fatal stroke  for                   non-adherent patient
	Probability obtained from rate for non-adherent patient, incorporating:                                                                                                               - rate per 1000 patient-years for stroke death (by age groups)    
- effect of non-adherence for stroke

	(c) Probability of death from all other causes
	Age and sex dependent (probability of death from life tables)
	ONS, life tables 2010-2012, Interim for England

	Transition probabilities – risks of non-fatal cardiovascular events: adherent patient

	Probability of non-fatal MI for adherent patient
	Annual probability calculated from rate per 1000 patient-years for non-fatal MI (by age group)
	[50], webappendix, Table B

	Probability of non-fatal stroke for adherent patient
	Annual probability calculated from rate per 1000 patient-years for non-fatal stroke (by age group)
	[51], personal communication


	Transition probabilities – risks of non-fatal cardiovascular events: non-adherent patient

	Probability of non-fatal MI for non-adherent patient
	Probability obtained from rate for non-adherent patient, incorporating:                                                                                                               - rate per 1000 patient-years for non-fatal MI (by age groups)    
- effect of non-adherence for MI/CHD

	Probability of non-fatal stroke for non-adherent patient
	Probability obtained from rate for non-adherent patient, incorporating:                                                                                                               - rate per 1000 patient-years for non-fatal stroke (by age groups)    
- effect of non-adherence for stroke

	Transition probabilities (death for secondary prevention cardiovascular events survivors)

	Probability of death for MI survivors
	Probability dependent on age and sex, for 1st, 2nd, …, 7th year after the first MI, based on Oxford Record Linkage Study: Hospital Episode Statistics (HES) and mortality data linked
	[22], personal communication


	Probability of death for stroke survivors
	Probability dependent on sex, for 1st, 2nd, …, 5th year after stroke, based on OXVASC study
	[23], personal communication

	Effect of non-adherence to antihypertensive treatment on cardiovascular outcomes

	Effect of non-adherence for MI/CHD
	Adjusted rate ratio (RR) for non-fatal MI or CHD death, recent aspirin discountinuers due to non-adherence vs. current users, RR = 1.54 (95%CI: 1.15, 2.06)
	[50], Table 2, p. 8. 

	Effect of non-adherence for stroke
	Adjusted rate ratio (RR) for stroke, recent aspirin discountinuers due to non-adherence vs. current users, RR = 1.46 (95%CI: 1.03, 2.07)
	[51], Table 3, p. 745.



[bookmark: _Ref382829466]Costs
The annual healthcare costs for patients suffering from MI and stroke are identical to the hypertension-amlodipine model. Annual cost of secondary prevention is calculated as the mean annual cost of newly prescribed aspirin, assuming the dosages observed in PharmOutcomes,[12] and attaching unit costs.[13] (see Table 13).  
[bookmark: _Ref382827835][bookmark: _Toc392156095] Table 13  Cost inputs for antiplatelets/anticoagulants-aspirin model 
	Category
	Estimate (95% CI)/£
	Source

	Annual cost of non-fatal MI*
	1st year: 5691.2 (4933.0, 6450.9) 
≥2nd year: 973.3 (490.9, 1457.1) 
	([1, 10]
 

	Annual cost of non-fatal stroke*
	1st year: 4148.4 (3398.0, 4898.7) 
≥2nd year: 757.5 (-30.7, 1545.7) 
	[1, 10]

	Annual cost of aspirin
	Mean annual cost of medication (aspirin):             10.7
	Dosages distribution from PharmOutcomes,[12] Unit costs from BNF[13]


*Cost of fatal MI and stroke are £1477.7 and £4338.9, respectively. 
To calculate annual costs for aspirin model health states the following assumptions are made (we refer to second cardiovascular event (MI or stroke) as event occurred after starting aspirin secondary prevention, and so, all the patients had first event previously (MI or stroke):  
i. For patients suffering from a second cardiovascular event: non-fatal MI, we calculated the proportion of patients with a particular first event (MI or stroke) assuming numbers of patients with non-fatal MI /CHD death reported in [50] (second cardiovascular event) for whom the first event was  MI and stroke, 450 and 334 patients, respectively.[50]
ii. For patients suffering from a second cardiovascular event: non-fatal stroke, we calculate the proportion of patients with particular first event (MI or stroke) assuming numbers of patients with stroke/TIA reported in [51] (second cardiovascular event) for whom the first event was MI and stroke, 137 and 365 patients, respectively. [51] 
iii. For patients with no second cardiovascular event, we calculate the proportion of patients with particular first event (MI or stroke) assuming numbers of controls reported in [50] for whom the first event was MI and stroke, 1160 and 1704 patients, respectively. [50] 
iv. The percentage of patients with MI in last 12 months among all MI patients is taken from Health Survey for England ([17], Error! Reference source not found.), and is equal to 13.1%.
v. The percentage of patients with stroke in last 12 months among all stroke patients is taken from Health Survey for England ([17], Error! Reference source not found.), and is equal to 20.1%.

Table 14 summarises cost for each health state.
[bookmark: _Ref382829327][bookmark: _Toc392156096] Table 14 Annual costs for health states (antiplatelet/anticoagulant-aspirin model)
	Health state
	Estimate/calculation
	Source

	Non-fatal MI*
	1st year: cost of non-fatal MI in the 1st year plus weighted cost of first event - stroke assuming the proportions as in (i) and (v)  plus annual cost of aspirin*
≥2nd year: cost of non-fatal MI in subsequent  years plus weighted cost of first event - stroke assuming the proportions as in (i) and (v)  plus annual cost of aspirin*
	[1, 10, 17, 50] 

	Non-fatal stroke*
	1st year: cost of non-fatal stroke in the 1st year plus weighted cost of first event - MI assuming the proportions as in (ii) and (iv)  plus annual cost of aspirin
≥2nd year: cost of non-fatal stroke in subsequent  years plus weighted cost of first event - MI assuming the proportions as in (ii) and (iv)  plus annual cost of aspirin
	[1, 10, 17, 51]

	EVENT FREE
	Weighted cost of first cardiovascular event (MI or stroke) assuming the proportions as in (iii), (iv)  and (v) plus annual cost of aspirin
	[1, 10, 17, 50]


*Cost of first event being MI is not included since patients suffer from second MI and costs of subsequent MI are not additive (we incorporate cost of second MI and cost of previous MI is assumed to be zero).
		
Utilities 	
Age- and sex-dependent utility associated with no cardiovascular event and utility decrements for MI and stroke (events within last 12 months and earlier, with and without other cardiovascular conditions) are identical to the hypertension-amlodipine model (see Error! Reference source not found. based on Ara and Brazier 2009[17]). Utilities in particular health states are calculated taking into account the proportions of patients with first event (MI and stroke) and percentages of patients with a particular event in previous 12 months,  as summarised in Section 2.1.6.3. Details are presented in Table 15.
[bookmark: _Ref382829505][bookmark: _Toc392156097]Table 15.  Utilities for health states (antiplatelets/anticoagulants-aspirin model)
	Health state
	Estimate/calculation
	Source

	Non-fatal MI*
	Utility dependent on age and sex, calculated from regression equation, assuming the below decrements and percentage of patients with stroke history as in (i): 
*utility decrement (MI as second cardiovascular event with MI as first event): 1st year: -0.09, subsequent years: -0.06 (heart attack utility decrement)
*utility decrement (MI as second cardiovascular event with stroke as first event): 1st year: -0.26, subsequent years:  -0.08 (heart attack utility decrement for patients with other cardiovascular conditions)
	[50]  Table 2

	Non-fatal stroke*
	Utility dependent on age and sex, calculated from regression equation, assuming the below decrements and the percentage of patients with MI history as in (ii):
-utility decrement (stroke as second cardiovascular event with stroke as first event): 1st year: -0.16, subsequent years: -0.13 (stroke utility decrement) 
- utility decrement (stroke as second cardiovascular event with MI as first event):                       1st year: -0.33, subsequent years: -0.23 (stroke utility decrements for patients with other cardiovascular conditions)
	[51] Table 2

	EVENT FREE
	Utility dependent on age and sex, calculated from regression equation (cardiovascular event history), with (first) stroke and MI utility decrements, assuming the percentage of patients with MI history as in (iii), and the proportions of patients with event in past 12 months as in  (iv) and (v)
	[50], Table 1 and 2
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Table 16.  Probabilities in the Markov models in the adherent and non-adherent groups for each of the six models
	Parameter
	Estimate
	Source

	1 Hypertension-amlodipine

	Risks of cardiovascular events for adherent patient

	Probability of stroke for adherent patient
	Probability dependent on age at entry and sex (calculated from published results of exponential regression on time to stroke)
	[7]  p. 226

	Probability of MI/CHD (defined as non-fatal MI or fatal CHD) for adherent patient
	Probability dependent on age at entry and sex (calculated from published results of exponential regression on time to non-fatal MI or fatal CHD)
	[7] p. 226


	Risks of cardiovascular events for non-adherent patient

	Probability of stroke for non-adherent patient
	Calculation incorporating:  (i) probability of stroke for adherent patient and (ii) effect of non-adherence (HR)

	Probability of MI/CHD (defined as non-fatal MI or fatal CHD)  for non-adherent patient
	Calculation incorporating:   (i) probability of MI/CHD for adherent patient and (ii) effect of non-adherence (HR)

	Effect of non-adherence to antihypertensive treatment on the risk of cardiovascular event

	Effect of non-adherence, HR

	High vs low adherence: HR1 = 0.62 (95% CI: 0.40 - 0.96)
Intermediate vs. low adherence: HR2 = 0.86 (95% CI: 0.71 – 1.03)
Hazard ratios applied in the model: Intermediate vs. high: HR = HR2 / HR1 = 1.39
	[9] p. 1603

	Case-fatality probabilities

	Probability of MI/CHD (non-fatal MI or fatal CHD) being fatal CHD
	Probability dependent on age and sex (calculated from published results of logistic regression on the risk of event being fatal)
	[7]  p. 226

	Probability of stroke being fatal
	Probability dependent on age and sex (calculated from published results of logistic regression on the risk of event being fatal)
	[7]  p. 226

	Transition probability (death for patients being in Well state), (a)+(b)+(c) or (a’)+(b’)+(c)a

	(a) Probability of fatal CHD for adherent patient
	(Probability of MI/CHD for adherent patient) x (Probability of MI/CHD being fatal CHD)

	(a’) Probability of fatal CHD for non-adherent patient
	(Probability of MI/CHD for non-adherent patient) x (Probability of MI/CHD being fatal CHD)

	(b)Probability of fatal stroke for adherent patient
	(Probability of stroke for adherent patient) x (Probability of stroke being fatal)

	(b’)Probability of fatal stroke for non-adherent patient
	(Probability of stroke for non-adherent patient) x (Probability of stroke being fatal)

	(c) Probability of death from all other causes
	Age and sex dependent
	[28]

	Transition probabilities – risks of non-fatal cardiovascular events for adherent patient

	Probability of non-fatal MI for adherent patient
	(Probability of MI/CHD  for adherent patient) x (1 - Probability of MI/CHD being fatal CHD)

	Probability of non-fatal stroke for adherent patient
	(Probability of stroke for adherent patient) x (1 - Probability of stroke being fatal)

	Transition probabilities – risks of non-fatal cardiovascular events for non-adherent patient

	Probability of non-fatal MI for non-adherent patient
	(Probability of MI/CHD for non-adherent patient) x (1 - Probability of MI/CHD being fatal CHD)

	Probability of non-fatal stroke for for non-adherent patient
	(Probability of stroke for non-adherent patient) x (1 - Probability of stroke being fatal)

	Transition probabilities (death for cardiovascular events survivors)

	Probability of death for MI survivors
	Probability dependent on age at event  and sex (calculated from published results of exponential regression on time to death after MI)
	[7]  p. 226

	Probability of death for stroke survivors
	Probability dependent on age at event  and sex (calculated from published results of exponential regression on time to death after stroke) 
	[7] p. 226

	2 Hypertension-ramipril

	Transition probability (death for patients being in Well state), (a)+(b) or (a’)+(b)

	(a) Probability of fatal cardiovascular event (MI, stroke,coronary event, heart failure, other cardiovascular events, first events) for adherent patient
	0.0068 [Annual probability calculated from rate per 1000 patient-years: cardiovascular fatal (first) event, Second Australian National Blood Pressure Study (ANBP2)]
	[18]p. 590

	(a’) Probability of fatal cardiovascular event for non-adherent patient
	0.0083 [Calculation incorporating: (i) probability of fatal cardiovascular event for adherent patient (a) and (ii) effect of non-adherence (HR)]

	(b) Probability of death from all other causes
	Age and sex dependent (probability of death from life tables)
	[28]

	Transition probabilities – risks of non-fatal cardiovascular events: Adherent patient

	Probability of non-fatal MI for adherent patient
	0.0041 [Annual probability calculated from rate per 1000 patient-years: first non-fatal MI, Second Australian National Blood Pressure Study (ANBP2)]
	[18]p. 590

	Probability of non-fatal stroke for adherent patient
	0.0075 [Annual probability calculated from rate per 1000 patient-years: first  non-fatal stroke, Second Australian National Blood Pressure Study (ANBP2)]
	[18]p. 590

	Transition probabilities – risks of non-fatal cardiovascular events: Non-adherent patient

	Probability of non-fatal MI for adherent patient
	0.0050 [Calculation incorporating: Probability of non-fatal MI for adherent patient, effect of non-adherence (HR)]

	Probability of non-fatal stroke for adherent patient
	0.0092 [Calculation incorporating: Probability of non-fatal stroke for adherent patient, effect of non-adherence (HR)]

	Transition probabilities (death for cardiovascular events survivors)

	Probability of death for MI survivors
	Probability dependent on age and sex, for 1st, 2nd, …, 7th year after the first MI, based on Oxford Record Linkage Study: Hospital Episode Statistics (HES) and mortality data linked
	[22]personal communication

	Probability of death for stroke survivors
	Probability dependent on sex, for 1st, 2nd, …, 5th year after the first stroke, based on OXVASC study
	[23], personal communication

	Effect of non-adherence to antihypertensive treatment on cardiovascular outcomes

	Effect of non-adherence, HR

	High vs low adherenceb:
HR2 = 1 / HRadh = 1.23
HRadh = 0.81 (95% CI: 0.67 – 0.98), adjusted for age and sex (base case scenario)

	[19]p. 488


	3 Asthma-beclometasone model

	
	Adherent patients
	Non-adherent patients
	

	Successful control Successful control
	0.8248 x (1-pc)
	0.8248 x 2.37 d=0.6100 x (1-p)
	Transition probabilities between asthma states from [26],[27] with mortality incorporated (p)

	Successful control Sub-optimal control
	0.1563 x (1-p)
	0.1563 x 2.37d = 0.3710 x (1-p)[30]
	

	Successful control Primary care exacerbation
	0.0135 x (1-p)
	

	Successful control Secondary care exacerbation
	0.0054 x (1-p)
	

	Successful controlDeath
	p
	[28]

	Sub-optimal control Successful control
	0.1394 x (1-p)
	Transition probabilities between asthma states  from [26],[27] with mortality incorporated (p)

	Sub-optimal control Sub-optimal control
	0.8322 x (1-p)
	

	Sub-optimal control Primary care exacerbation
	0.0174 x (1-p)
	

	Sub-optimal control Secondary care exacerbation
	0.0109 x (1-p)
	

	Sub-optimal control Death
	p
	[28]

	Primary care exacerbation  Successful control
	0.3000 x (1-p)
	Transition probabilities between asthma states  from [26],[27] with mortality incorporated (p)

	Primary care exacerbation  Sub-optimal control
	0.3000 x (1-p)
	

	Primary care exacerbation  Primary care exacerbation
	0.2000 x (1-p)
	

	Primary care exacerbation  Secondary care exacerbation
	0.2000 x (1-p)
	

	Primary care exacerbation  Death
	p
	[28]

	Secondary care exacerbation  Successful control
	0.2000 x (1-p)
	Transition probabilities between asthma states from [26],[27] with mortality incorporated (p)

	Secondary care exacerbation  Sub-optimal control
	0.2000 x (1-p)
	

	Secondary care exacerbation  Primary care exacerbation
	0.4000 x (1-p)
	

	Secondary care exacerbation  Secondary care exacerbation
	0.4000 x (1-p)
	

	Secondary care exacerbation  Death
	p
	[28]

	4 Chronic obstructive pulmonary disease-Tiotropium model

	Moderate COPD  Moderate COPD
	Year 1 (SE): 0.956 (0.010); Subsequent years (SE): 0.984 (0.007)
	[36]

	Moderate COPD  Severe COPD
	Year 1 (SE): 0.040 (0.010); Subsequent years (SE): 0.015 (0.010)
	[36]

	Moderate COPD  Very severe COPD
	Year 1 (SE): 0.003 (0.003); Subsequent years (SE): 0.000 (0.000)
	[36]

	Severe COPD  Moderate COPD
	Year 1 (SE): 0.023 (0.006); Subsequent years (SE): 0.000 (0.000)
	[36]

	Severe COPD  Severe COPD
	Year 1 (SE): 0.952 (0.009); Subsequent years (SE): 0.990 (0.004)
	[36]

	Severe COPD  Very severe COPD
	Year 1 (SE): 0.023 (0.006); Subsequent years (SE): 0.008 (0.003)
	[36]

	Very severe COPD  Moderate COPD
	Year 1 (SE): 0.001 (0.002); Subsequent years (SE): 0.000 (0.000)
	[36]

	Very severe COPD  Severe COPD
	Year 1 (SE): 0.045 (0.012); Subsequent years (SE): 0.000 (0.000)
	[36]

	Very severe COPD  Very severe COPD
	Year 1 (SE): 0.946 (0.013); Subsequent years (SE): 0.992 (0.005)
	[36]

	Probability of exacerbation
	Adherent patients
	Non-adherent patients
	

	Moderate COPD  exacerbation
	0.051 (SE: 0.004)
	0.089
	 [36] [38]

	Moderate COPD  severe exacerbation given an exacerbation occurs
	0.097 (SE: 0.024)
	0.165
	

	Severe COPD  exacerbation
	0.075 (SE: 0.003)
	0.129
	

	Severe COPD  severe exacerbation given an exacerbation occurs
	0.136 (SE: 0.018)
	0.229
	

	Very severe COPD  exacerbation
	0.096 (SE: 0.005)
	0.164
	

	Very severe COPD  severe exacerbation given an exacerbation occurs
	0.192 (SE: 0.027)
	0.316

	

	Effect of non-adherence for exacerbations, HR
	44% (HR: 0.56;95%CI:0.48-0.65) lower rate of severe exacerbations for adherent patients 
	[38]

	Probability of death
	

	Moderate COPD Death	
	Year 1 (SE): 0.001 (0.001); Subsequent years (SE): 0.001 (0.001)
	Year 1: 0.002 ; Subsequent years : 0.002 
	[36] [38]

	Severe COPD  Death	
	Year 1 (SE): 0.002 (0.001); Subsequent years (SE): 0.002 (0.002)
	Year 1: 0.005 ; Subsequent years : 0.005 
	

	Very severe COPD  Death	
	Year 1 (SE): 0.001 (0.001); Subsequent years (SE): 0.008 (0.005)
	Year 1: 0.019 ; Subsequent years : 0.019 
	

	Effect of non-adherence for death, HR
	60% (HR: 0.4; 95%CI:0.35-0.46) lower risk of death for adherent patients
	[38]

	5 Diabetes metformin model

	Transition probability (death for patients being in Well state), (a)+(b) or (a’)+(b)

	 (a) Probability of fatal first diabetes complication (MI, CHF, stroke, renal failure, amputation) for adherent patient
	(Annual probability of complication calculated from Weibull regression with age at diagnosis, sex, SBP, HDL, smoking status, Afro-Carribean ethnicity, BMI, and HbA1c as covariates ) 
x
(Case-fatality probability from logistic regression with age and HbA1c covariates), 
P x C, HbA1c pattern for metformin group using panel regression results
	UKPDS68 [14], UKPDS34[48]

	 (a’) Probability of fatal first diabetes complication  (MI, CHF, stroke, renal failure, amputation) for non- adherent patient
	(Annual probability of complication calculated from Weibull regression with age at diagnosis, sex, SBP, HDL, smoking status, Afro-Carribean ethnicity, BMI, and HbA1c as covariates) 
x
(Case-fatality probability from logistic regression with age and HbA1c covariates), 
P’ x C’,
HbA1c pattern for metformin group using panel regression results corrected by the effect of non-adherence on HbA1c
	UKPDS68 [14], UKPDS34[48] and [47]

	(b) Probability of death from all other causes
	Age and sex dependent (probability of death from life tables)
	[28]

	Transition probabilities – risks of non-fatal diabetes complication, Adherent patient

	Probability of non-fatal first diabetes complication (MI, CHF, stroke, renal failure, amputation) for adherent patient
	P x (1 –C), 
HbA1c pattern for metformin group using panel regression results
	UKPDS68 [14], UKPDS34[48]

	Probability of non-fatal first diabetes complication (Blindness and IHD) for adherent patient
	Annual probability of complication calculated from Weibull regression with age at diagnosis, sex, HDL, SBP, and HbA1c as covariates, HbA1c pattern for metformin group using panel regression results (Blindness - age at diagnosis and HbA1c as covariates only)
	UKPDS68 [14], UKPDS34[48]

	Probability of second non-fatal diabetes complication after the first complication for adherent patient
	Annual probability of complication calculated from Weibull regression with age at diagnosis, HbA1c, and history of first complication (IHD, CHF, and blindness dummies only) as covariates, HbA1c pattern for metformin group using panel regression results
	UKPDS68 [14], UKPDS34[48]

	Transition probabilities – risks of non-fatal diabetes complication, Adherent patient

	Probability of non-fatal first diabetes complication (MI, CHF, stroke, renal failure, amputation) for adherent patient
	P x (1 –C), 
HbA1c pattern for metformin group using panel regression results
	UKPDS68 [14], UKPDS34[48]

	Probability of non-fatal first diabetes complication (Blindness and IHD) for adherent patient
	Annual probability of complication calculated from Weibull regression with age at diagnosis, sex, HDL, SBP, and HbA1c as covariates, HbA1c pattern for metformin group using panel regression results (Blindness - age at diagnosis and HbA1c as covariates only)
	UKPDS68 [14], UKPDS34[48]

	Probability of second non-fatal diabetes complication after the first complication for adherent patient
	Annual probability of complication calculated from Weibull regression with age at diagnosis, HbA1c, and history of first complication (IHD, CHF, and blindness dummies only) as covariates, HbA1c pattern for metformin group using panel regression results
	UKPDS68 [14], UKPDS34[48]

	
	
	


	Probability of non-fatal first diabetes complication (MI, CHF, stroke, renal failure, amputation) for adherent patient
	P x (1 –C), 
HbA1c pattern for metformin group using panel regression results
	UKPDS68 [14], UKPDS34[48]

	Probability of non-fatal first diabetes complication (Blindness and IHD) for adherent patient
	Annual probability of complication calculated from Weibull regression with age at diagnosis, sex, HDL, SBP, and HbA1c as covariates, HbA1c pattern for metformin group using panel regression results (Blindness - age at diagnosis and HbA1c as covariates only)
	UKPDS68 [14], UKPDS34[48]

	Probability of second non-fatal diabetes complication after the first complication for adherent patient
	Annual probability of complication calculated from Weibull regression with age at diagnosis, HbA1c, and history of first complication (IHD, CHF, and blindness dummies only) as covariates, HbA1c pattern for metformin group using panel regression results
	UKPDS68 [14], UKPDS34[48]

	Transition probabilities – risks of non-fatal diabetes complication, Non-adherent patient

	Probability of non-fatal first diabetes complication (MI, CHF, stroke, renal failure, amputation) non-adherent patient
	P’ x (1-C’), 
HbA1c pattern for metformin group using panel regression results corrected by the effect of non-adherence on HbA1c
	UKPDS68 [14], UKPDS34[48] and [47]

	Probability of non-fatal first diabetes complication (Blindness and IHD) for non-adherent patient
	Annual probability of complication calculated from Weibull regression with age at diagnosis, sex, HDL, SBP, and HbA1c as covariates, HbA1c pattern for metformin group using panel regression results corrected by the effect of non-adherence on HbA1c (Blindness - age at diagnosis and HbA1c as covariates only) 
	UKPDS68 [14], UKPDS34[48] and [47]

	Probability of second non-fatal diabetes complication after the first complication for non-adherent patient
	Annual probability of complication calculated from Weibull regression with age at diagnosis, HbA1c, and history of first complication (IHD, CHF, and blindness dummies only) as covariates, HbA1c pattern for metformin group using panel regression results corrected by the effect of non-adherence on HbA1c
	UKPDS68 [14], UKPDS34[48] and [47]

	Transition probabilities – mortality after one or two diabetes complications: for adherent and non-adherent patient

	Probability of death after after first diabetes complication affecting survival  (MI, CHF, stroke, renal failure, amputation)
	Annual probability calculated from Gompertz regression with age at first diabetes complication affecting survival, HDL,  and history of complications (dummies) as covariates, not dependent on HbA1c
	UKPDPS68 [14], UKPDS34[48]

	Probability of death after after first diabetes complication not affecting survival  (IHD and blindess)
	Age and sex dependent (probability of death from life tables)
	[28]

	Effect of non-adherence to antidiabetic treatment on HbA1c

	Effect of non-adherence

	HbA1c multiplier for non-adherent patient: 1.105 (95%CI: 1.047, 1.166)**
HbA1c for non-adherent patient (age) =  HbA1c for adherent patient (age)  x  1.105
	[47]

	6 Antiplatelets/anticoagulants aspirin model 

	
	Adherent patient
	Non-adherent patient
	

	Event-free  Non-fatal MIe
	0.0056; 0.0070, 0.0089 
	0.0086; 0.0107, 0.0136
	[50]

	Event-free  Non-fatal strokee
	0.0019; 0.0026; 0.0048 
	0.0028; 0.0038; 0.0070 
	[51]

	Event-free  Fatal MI/CHDe
	0.0015; 0.0023; 0.0056 
	0.0023; 0.0035; 0.0086 
	[50]

	Event-free  Fatal strokee
	0.0002; 0.0003; 0.0021 
	0.0003; 0.0004; 0.0031 
	[51]

	Non-fatal MI  Death
	Probability dependent on age, different for 1st, 2nd, …, 7th year after the first MI, and different for males and females
	[22]

	Non-fatal stroke Death
	Probability different for 1st, 2nd, …, 5th year after the first stroke, and for males and females 
	[23]

	Well Death
	Probability dependent on age
	[28]























aProbability of death for a patient being in state WELL is the sum of probability of fatal CHD ((a) or (a’)), probability of fatal stroke ((b) or (b’)), and probability of death from all other causes (c).  
bOverall adherence (MMAS-8), HRadh (adherent vs. non-adherent)
cONS, life tables 2010-2012 (age dependent, average assuming the percentage of females in the NMS beclometasone group, 28.1%).[28]. 
dFrom SIMPLE study (see webappendix section 2.3.1.4), RR of moving from successful to suboptimal control  in non-adherent compared with adherent patients = 2.37,[30] 0.6100=1-0.3710-0.0135-0.0054. 
e Probabilities for 3 age-groups, 50-64 years, 65-74, and 75-84 years, respectively. Probabilities calculated from incidence rates reported. In the case of non-adherent patients, incident rates adjusted by the effect of non-adherence (reported rate ratios for events, comparing non-adherence vs. adherence). 
BMI: body mass index; CHD: coronary heart disease; CHF: congestive heart failure; CI: confidence intervals; COPD: chronic obstructive pulmonary disease; HbA1c: glycosylated haemoglobin; HDL: high density lipoprotein; HR: hazard ratio; IHD: ischaemic heart disease; MI: myocardial infarction; p: probability; SBP: systolic blood pressure; se: standard error; UKPDS: United Kingdom Prospective Diabetes Study.



Table 17.  Utilities and costs for the Markov models in the adherent and non-adherent groups for each of the six models  
	Health state
	Utility weights (95% CI or SE)*
	Mean cost per patient [£; year 2014 values] (95% CI or SE)

	1 Hypertension-amlodipine

	WELL
	Utility dependent on age and sex, calculated from regression equation (no cardiovascular events history), Ara and Brazier 2009, Table 2 [17]
	Mean annual cost of medication (amlodipine): 13.4 [12, 13]

	Non-fatal MI
	Utility dependent on age and sex, calculated from regression equationa (MI history), assuming the percentage of patients with other cardiovascular conditions from English Health Survey as in [17] (see Table 39) b
Utility decrement (MI)^: 1st year: -0.09; Subsequent years: -0.06
Utility decrement (MI) for patients with other cardiovascular conditions^: 1st year: -0.26; Subsequent years: -0.08 
Ara and Brazier 2009, Table 2 [17]
	1st  year: 5691.2 (95%CI: 4933.0, 6450.9) + 13.4c
≥2nd year: 973.3 (95%CI: 490.9, 1457.1) + 13.4 [10] [11]   [12, 13]

	Non-fatal stroke
	Utility dependent on age and sex, calculated from regression equation (stroke history), assuming the percentage of patients with other cardiovascular conditions from English Health Survey as in [17]
Utility decrement (stroke)^: 1st year: -0.16; Subsequent years: -0.13
Utility decrement (stroke) for patients with other cardiovascular conditions^:1st year: -0.33; Subsequent years: -0.23d
Ara and Brazier 2009, Table 2 [17]
	1st year: 4148.4 (95%CI: 3398.0, 4898.7) + 13.4
≥2nd year: 757.5 (95%CI: -30.7, 1545.7) + 13.4 [10] [11]   [12, 13]

	2 Hypertension-ramipril

	WELL
	Utility dependent on age and sex, calculated from regression equation (no cardiovascular events history), Ara and Brazier 2009, Table 2 [17]
	1st year: 95.8 + 5691.2 (95%CI: 4933.0, 6450.9)c
≥2nd year:95.8 +  973.3 (95%CI: 490.9, 1457.1)

	Non-fatal MI*
	Utility dependent on age and sex, calculated from regression equation (MI history), assuming the percentage of patients with other cardiovascular conditions from English Health Survey as in [17]
Utility decrement (MI) f: 1st year: -0.09; Subsequent years: -0.06
Utility decrement (MI) for patients with other cardiovascular conditionsf: 1st year: -0.26; Subsequent years: -0.08 
Ara and Brazier 2009, Table 2[17]
	1st year: 95.8 + 4148.4 (95%CI: 3398.0, 4898.7)
≥2nd year: 95.8 + 757.5 (95%CI: -30.7, 1545.7) 

	Non-fatal stroke*
	Utility dependent on age and sex, calculated from regression equation (stroke history), assuming the percentage of patients with other cardiovascular conditions from English Health Survey as in [17]
Utility decrement (stroke) f: 1st year: -0.16; Subsequent years: -0.13
Utility decrement (stroke) for patients with other cardiovascular conditionsf:1st year: -0.33; Subsequent years: -0.23 
Ara and Brazier 2009, Table 2[17]
	Mean annual cost of medication (ramipril):  95.8

	3 Asthma-beclometasone

	Successful control
	0.900 (SE=0.011)
0.900 = 0.857 + 0.044 [calculation in [31], based on [33]: utility for well controlled asthma in [31], 0.857, equal to the difference between utility for totally controlled asthma (constant in regression model, 0.902) and dummy for well controlled asthma, -0.045;      
 UK adjustment = 0.044 ]
	13.4 (SD: 3.6) [11, 24] 


	Sub-optimal control
	0.842 (SE=0.011)
0.842 = 0.798 + 0.044 [calculation in [31], based on [33]: utility for not well controlled asthma (no exacerbation) in [31], 0.789, equal to the difference between utility for totally controlled asthma, 0.902, and dummy for well controlled asthma, -0.104 ; 
UK adjustment = , ]
	34.9 (SD: 16.3) [11, 24] 


	Primary care managed exacerbation
	0.57 (SE=0.36) [34]
	105.6 [26] [11]

	Hospital managed exacerbation
	0.33 (SE=0.39) [34]
	2013.1 [26] [11]

	4 COPD-tiotropium

	Moderate COPD
	0.787 (95%CI: 0.771, 0.802) [101, 103]
	46.53 per month  Monthly resource use cost estimated based on Hertel 2012[41]e

	Severe COPD
	0.750 (95%CI: 0.731, 0.768) [101, 103]
	79.32 per month

	Very severe COPD
	0.647 (95%CI: 0.598, 0.695) [101, 103]
	125.13 per month

	Non-severe exacerbation 
	Decrement: 0.01 (95%CI: 0, 0.024) [44, 46]
	75.97

	Severe exacerbation
	Decrement: 0.042 (95%CI; 0.024,0.060) [44, 46]
	1372

	5 Diabetes-metformin

	Well
	Utility dependent on age and sex,  calculated from regression equation (no cardiovascular events history) [17]Table 2
	Mean annual cost of medication (metformin): 8.05[12, 13]  

	Ischaemic heart disease
	Decrement: -0.090[15]
	Non-fatal event 1st year, (95%CI): 2916.4 (2197.3, 3782.8); Non-fatal event subsequent year, (95%CI): 963.8 (766.4, 1184.8).[11, 15, 52]

	Myocardial infarction
	Decrement: -0.055[15]
	Fatal event (95%CI) 1477.7 (1207.0, 1790.6); Non-fatal event 1st year, (95%CI): 5624.0 (4946.9, 6525.0); Non-fatal event subsequent year, (95%CI): 926.0 (752.4, 1153.5).[11, 15, 52]

	Congestive heart failure
	Decrement: -0.108[15]
	Fatal event (95%CI) 3252.8 (n.a.); Non-fatal event 1st year, (95%CI): 3252.8 (2475.1, 4241.4);Non-fatal event subsequent year, (95%CI): 1140.2 (728.2, 1619.0).[11, 15, 52]

	Stroke
	Decrement: -0.164[15]
	Fatal event (95%CI) 4338.9 (2481.8, 6965.6); Non-fatal event 1st year, (95%CI): 3440.0 (2323.8, 4758.1);Non-fatal event subsequent year, (95%CI): 650.1 (433.4, 932.1).[11, 15, 52]

	Amputation
	Decrement: -0.280[15]
	Fatal event (95%CI) 11200.4 (n.a.); Non-fatal event 1st year, (95%CI): 11200.4 (7011.0, 17477.9);Non-fatal event subsequent year, (95%CI): 646.9 (332.1, 1145.0).[11, 15, 52]

	Blindness
	Decrement: -0.074[15]
	Non-fatal event 1st year, (95%CI): 1469.0 (886.1, 2188.4);Non-fatal event subsequent year, (95%CI): 622.0 (418.4, 887.6).[11, 15, 52]

	Renal failure
	Decrement: -0.263[15]
	Fatal event (95%CI) 32452.5 (n.a.); Non-fatal event 1st year, (95%CI): 32452.5 (n.a.);Non-fatal event subsequent year, (95%CI): 32452.5 (n.a.).[11, 15, 52]

	6 Antiplatelets/anticoagulants-aspirin 

	Event-free
	Regressionf+utility decrementg [17] [50]
	40.1% x (5691.2 x 13.1% + 973.3 x 86.9%) + 59.9% x (4148.4 x 20.1% + 757.7 x 79.9%) + 10.7 
[10] [11]   [12, 13] [17] [50] j

	Non-fatal MI
	Regression + utility decrementh [17] [50]
	1st year after MI: 5691.2 + 42.6% x (4148.4 x 20.1% + 757.7 x 79.9%) + 10.7 
Subsequent years: 973.3 + 42.6% x (4148.4 x 20.1% + 757.7 x 79.9%) + 10.7
[10] [11]   [12, 13, 17] [50] j

	Non-fatal stroke
	Regression + utility decrementi[17] [51]
	1st year after stroke: 4148.4 + 27.3% x (5691.2 x 13.1% + 973.3 x 86.9%) + 10.7
Subsequent years: 757.5 + 27.3% x (5691.2 x 13.1% + 973.3 x 86.9%) + 10.7 
[10] [11]   [12, 13] [17] [51] j


aUtility decrements are coefficients in the regression equation for: history of stroke, stroke < 12 months; history of stroke, no stroke < 12 months; history of MI, MI < 12 months; history of MI, no MI < 12 months; history of stroke and other cardiovascular condition(s), stroke < 12 months; history of stroke and other cardiovascular condition(s), no stroke < 12 months; history of MI and other cardiovascular condition(s), MI < 12 months; history of MI and other cardiovascular condition(s), no MI < 12 months. Additionally, interaction term (Age*cardiovascular event history) is incorporated in the model, with coefficient equal to 0.0002. cf. Ara and Brazier 2009.[17]
bThe weighted utility for patient at given age is calculated assuming the proportion of patients with other cardiovascular condition: for example, for 1st year after MI we calculate (1) utility for MI only (decrement 0.09 in the regression equation) and (2) utility for MI with other cardiovascular condition (decrement 0.26 in the regression equation), and we estimate average utility for 1st year after MI as the sum of utilities (2) and (1), weighted by the percentages 26.2% and (100%-26.2%=83.8%). 
*cIn Lindgren et al 2008[10], the difference between annual cost in 1st year (or subsequent years) after event and the annual cost in the years prior to event is reported. Hence, the annual costs for non-fatal MI and non-fatal stroke in our model are the sum of the cost difference plus the estimated costs of WELL state. 
dSince the prediction of regression equation for stroke patients with other cardiovascular conditions in subsequent years is poor – the utility decrement is underestimated, therefore, the utility decrement for this sub-group is assumed to be equal to the difference between the mean EQ-5D for respondents with no history of cardiovascular events (0.872) and the mean EQ-5D for for stroke patients with other cardiovascular conditions (0.641).
eDetails of costings in webappendix section 2.1.4.4 tables 7-11.
fRegression (utility dependent on age, different for males and females)
gUtility decrement for MI or stroke history. Utility decrement (MI): 1st year: -0.09, subsequent years: -0.06. Utility decrement (stroke): 1st year: -0.16, subsequent years: -0.13.  Percentage of patients with MI history – 40.1% [50], percentage of patients with MI in previous 12 months among all MI patients – 13.1% [17], and percentage of patients with stroke in previous 12 months among all stroke patients – 20.1% [17]. 
h1st year: utility decrement (MI): -0.09, utility decrement (MI) for patients with other cardiovascular conditions: -0.26. Subsequent years: utility decrement (MI): -0.06, utility decrement (MI) for patients with other cardiovascular conditions: -0.08. The percentage of patients with MI as second event and with stroke history (for whom MI utility decrement with other cardiovascular conditions is assumed) is 42.6% [50]. 
i1st year: utility decrement (stroke): -0.16, utility decrement (stroke) for patients with other cardiovascular conditions: -0.33. Subsequent years: utility decrement (stroke): -0.13, utility decrement (stroke) for patients with other cardiovascular conditions: -0.23. The percentage of patients with stroke as second event and MI history (for whom stroke utility decrement with other cardiovascular conditions is assumed) is 27.3% [51].
jAnnual mean (sd) cost of MI is: 5691.2 (387.2) – 1st year after MI, 973.3 (246.5) – subsequent years. Annual cost of stroke is: 4148.4 (382.8) – 1st year after stroke, 757.5 (402.2) – subsequent years. [10] [11] Mean annual cost of medication (aspirin): 10.7[12, 13]. Percentages as in calculation of utility decrements (points g to i above)
CI: confidence intervals; COPD: chronic obstructive pulmonary disease; MI: myocardial infarction; p: probability; SD: standard deviation; se: standard error
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Table 16.  Sensitivity analysis: deterministic incremental economic analysis of NMS versus normal practice for MMAS-8 adherence outcome 
	 
Model

	Mean cost/£
 
	Mean QALY

	Incremental 

	
ICER
(£/QALY)             


	
	NMS*
	Normal practice
	NMS
	Normal practice
	Cost/£
	QALY             
	

	Base case NMS adherence
	19 013
	19 152
	13.50
	13.45
	-138
	0.05
	- 2 882

	MMAS8 adherence
	18 958
	19 122
	13.51
	13.46
	-164
	0.06
	- 2 953


*Incorporating cost of intervention equal to £24.6
ICER: incremental cost effectiveness ratio; QALY: quality-adjusted life-year

Table 17.  Results of deterministic threshold analysis
	 
	Base case
	Threshold analysis

	Odds ratio (NMS effectiveness)
	1.67
	1.01

	Difference in costs (NMS-Normal practice)/£
	-138.6
	21.01

	Difference in QALY (NMS-normal practice)
	0.0438
	0.0011

	ICER
	-3 166.1*
	20000


ICER: incremental cost effectiveness ratio; QALY: quality-adjusted life-year
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This graph demonstrates the probability of cost effectiveness at a range of decision-maker ceiling willingness to pay for the NMS intervention overall, and also when only one disease group is considered at a time.

Figure 7. Cost effectiveness acceptability curve for NMS intervention versus normal practice
[image: ]

COPD: chronic obstructive airways disease, NMS: new medicine service, WTP: willingness to pay
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