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Appendix: Cost Assignment to Medical Resources Collected in EXSCEL  
 

US cost assignment 
Hospitalization costs were assigned using Diagnosis-Related Group (DRG)-based 2017 US Medicare 
reimbursement rates.1 DRG codes were assigned to both prespecified and free-text discharge diagnoses. 
To address variations in length of stay (LOS) between countries for the same discharge diagnosis, we 
applied an approach to inpatient cost assignment previously used in other large multinational trials.2,3 
Specifically, Medicare payments for each DRG code were divided by the median LOS published by the 
Centers for Medicare and Medicaid Services to estimate daily hospital costs.1 To account for varying 
LOS between countries, daily hospital costs for hospitalizations outside the United States were first 
adjusted using conversion factors computed by dividing the mean LOS across all trial hospitalizations in 
the United States by the mean LOS across hospitalizations in each non-US country participating in 
EXSCEL. Then, these country-specific conversion factors were multiplied by the LOS for each 
hospitalization and DRG-specific daily hospital costs. Physician fees for inpatient services as well as 
inpatient and outpatient procedures were assigned using the 2017 Medicare Physician Fee Schedule 
based on Current Procedural Terminology codes.4 
 

For concomitant diabetes and cardiovascular medications, daily costs were based on the 2017 wholesale 
acquisition costs (WAC) available via RED BOOK Online.5 WACs represent each manufacturer’s 
published list price to wholesalers or direct purchasers and may not represent pharmacy retail prices. 
Generic drugs, when available in the United States, were used as the basis for daily cost estimates. We 
multiplied the daily drug costs by the number of days each drug was taken. Patients receiving insulin 
were assumed to use Lantus insulin pens. We assumed patients taking insulin would perform one 
glucose test daily, a cost of $0.14 for one glucose test strip (current price on Amazon.com for 
Genultimate Blood Glucose Test Strips for Use with One Touch Ultra Meter). We also accounted for the 
cost of one glucometer at $22.75 every two years (Amazon price for One Touch Ultra2 System Kit 1), 
resulting in a daily cost of $0.03. 
 

To better approximate net costs for a branded medication, a discount of 23.1%,6 the mean rebate on the 
average manufacturer’s price of brand name medications for Medicaid, was applied to the 2017 WAC 
for weekly exenatide 2 mg ($155.7), which reduced the price to $119.7 per dose. All costs incurred after 
the first year were discounted at 3% per year for the US analysis. 
 

English cost assignment 
To assign UK cost to hospitalizations, US medical DRGs were cross-matched into English Healthcare 
Resource Groups (HRGs) using the English Reference Cost HRG4+ Grouper software or the UK OPCS 
Classification of Interventions and Procedures version 4 (OPCS-4) or directly into HRGs, where 
appropriate. The cost of hospital admissions was based on the Department of Health English National 
Schedule of Reference Costs for 2015/2016.7 For each HRG code, the cost per inpatient day was 
computed by dividing the Reference Costs at the spell level by the respective mean length of stay 
published by the Department of Health. In the UK setting, there were different unit costs conditional on 
length of stay (short stays of < 2 days or stays of ≥2 days) and on whether the admission was elective or 
an emergency. We averaged elective and emergency admission costs together into a single unit cost 
separately for short and long stays using the number of spells for both types of admission at HRG level 
as reported by the Department of Health. When several HRGs mapped to a single DRG, we calculated 
the weighted average cost per hospitalization day using the activity levels per HRG reported by the 
Department of Health. This resulted in a set of English unit costs for short stays and long stays that were 
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matched to each US DRG. Then, these daily cost estimates were merged with hospitalizations in 
EXSCEL that had the corresponding DRG code assigned.  
 

The same approach described above for the US costs was used to adjust length of stay for 
hospitalizations outside the UK to approximate the length of stay as if the patient had been treated at a 
UK facility. UK-specific conversion factors were computed by dividing the mean LOS across all trial 
hospitalizations in the UK by the mean LOS across hospitalizations in each non-UK country. Then, the 
DRG-specific cost per inpatient day was multiplied by the UK-adjusted LOS estimates to calculate 
inpatient costs for each admission. For hospitalizations not assigned a DRG, we applied the daily 
inpatient cost averaged across all DRG-coded hospitalizations in EXSCEL.  
 

Outpatient visits to diabetes care providers and other care providers were costed using 2015/2016 
Department of Health Reference Costs.7 Since there was a difference in the cost of general practitioner 
visits versus a hospital outpatient consultation, we calculated a weighted average cost for diabetes-
related consultations and non-diabetes consultations that represented the proportion of visits that were 
likely to be with a general practitioner and the proportion that were likely to be at the hospital. Counts 
for each type of consultation were based on national data reported by the Department of Health.8 We 
estimated that around 28% of all consultations were outpatient visits, based on an average 3.8 general 
practitioner visits per year (adults, England), an English population of 54 million,9 and around 82 
million outpatient visits.10 
 

Drug costs were based on the list prices available in the Prescription Cost Analysis database.11 Exenatide 
and non-insulin diabetes medications were costed based on the specific doses and drugs used. For 
insulin, the case report form recorded the number of units used per day, but not the specific formulation. 
We therefore used prescribing data from the Prescription Cost Analysis database to calculate a weighted 
average cost per unit of insulin (weighted by the total quantity prescribed) and applied this to each unit 
of insulin used by EXSCEL participants. Patients receiving insulin were assumed to be prescribed 
typical quantities of pens, syringes, needles, and glucose test strips based on a National Institute for 
Health and Care Excellence (NICE) guideline.12 Consumables were costed based on the information 
included in the NICE guideline and unit costs inflated to 2015/2016 prices using the hospital and 
community health services (HCHS) index provided by the Personal Social Services Research Unit.13 
 

For cardiovascular medications, the case report form recorded only the class of medication. These were 
costed using the totals for British National Formulary subparagraphs within the Prescription Cost 
Analysis, which provides the weighted average cost per prescription. We calculated a daily cost 
assuming that each prescription lasts 28 days, in line with UK practice. The weekly cost of exenatide 
was £18.3 with no discount applied. 
 

All costs were discounted at 3.5% per year beyond the first year of follow-up according to NICE recommended guidelines.14 
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Appendix Table 1. Comparisons of Health Utilities 
 

 Model 1 (base-case) Model 2 Model 3 Model 4 
 US UK US UK US UK US UK 

N (observations) 52,845 52,835 52,835 51,789 
Fixed effects, mean (robust standard error)    
 Baseline EQ-5D 0.5978 

(0.0354)* 
0.6133 

(0.0288)* 
0.5884 

(0.0370)* 
0.6008 

(0.0310)* 
0.5836 

(0.0369)* 
0.5955 

(0.0307)* 
0.5679 

(0.0391)* 
0.5798 

(0.0309)* 

 Treatment group 
(0=placebo, 
1=Exenatide) 

0.0023 
(0.0028) 

0.0039 
(0.0046) 

0.0023 
(0.0029) 

0.0038 
(0.0046) 

0.0024 
(0.0029) 

0.0040 
(0.0047) 

0.0022 
(0.0026) 

0.0034 
(0.0042) 

 Time since baseline, 
months 

-0.0004 
(0.0001)* 

-0.0006 
(0.0001)* 

-0.0004 
(0.0001)* 

-0.0006 
(0.0001)* 

-0.0004 
(0.0001)* 

-0.0006 
(0.0001)* 

-0.0004 
(0.0001)* 

-0.0006 
(0.0001)* 

 Treatment group × time 
since baseline 

0.0000 
(0.0001) 

-0.0001 
(0.0002) 

0.0000 
(0.0001) 

-0.0001 
(0.0002) 

0.0000 
(0.0001) 

-0.0001 
(0.0002) 

0.0000 
(0.0001) 

-0.0001 
(0.0001) 

Random effects, mean (95% CI)        
  Country 

0.0003  
(0.0002; 
0.0005) 

0.0008  
(0.0005; 
0.0012) 

0.0002  
(0.0001; 
0.0005) 

0.0006  
(0.0003; 
0.0011) 

0.0002  
(0.0001; 
0.0005) 

0.0006  
(0.0004; 
0.0012) 

0.0002  
(0.0001; 
0.0004) 

0.0006  
(0.0003; 
0.0011) 

  Patient 0.0072  
(0.0062; 
0.0083) 

0.0145  
(0.0134; 
0.0158) 

0.0070  
(0.0061; 
0.0081) 

0.0142  
(0.0131; 
0.0154) 

0.0070  
(0.0060; 
0.0081) 

0.0141  
(0.0130; 
0.0153) 

0.0067  
(0.0058; 
0.0077) 

0.0136  
(0.0126; 
0.0147) 

 
Results from multilevel mixed-effects linear regression with robust standard errors and random effects on country and patient level. Model 1 includes 
covariates in table: baseline EQ-5D, treatment group, time since baseline, interaction between time and treatment group; Model 2 includes Model 1 
covariates plus age at baseline, sex, ethnicity; Model 3 includes Model 2 covariates in table plus baseline history of CV event; Model 4 includes Model 3 
covariates in table plus body mass index; US = EQ-5D value set for the US; UK = EQ-5D value set for the UK. Results reported as coefficients (robust 
standard errors); *P ≤0.01. 
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