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Abstract

Background—To reduce research costs in the context of pragmatic trials, consideration is given 

to using administrative data (Medicare claims) to ascertain clinical outcomes.

Methods—In the historical context of the Women's Health Initiative, the correspondence between 

selected cardiovascular events derived from Medicare claims were compared to those documented 

and adjudicated in this large-scale prevention trial.

Results—Classification performance varies somewhat by type of outcome but hazard ratios and 

confidence intervals derived from the two data sources were quite comparable.

Conclusions—These encouraging results provided the needed support to launch a new 

embedded pragmatic trial of physical activity that will rely heavily on Medicare claims to 

ascertain cardiovascular disease incidence in the majority of those randomized.
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Introduction

Pragmatic trials are intended to provide strong, reliable data to inform clinical practice. 

Their designs are typically streamlined to answer an overall question of treatment impact in 

a usual practice setting--in contrast to the intense subject monitoring and extensive data 

collection often required for mechanistic trials. Optimally, pragmatic trials test scalable 

interventions to support direct generalization to the target population and do so within a 

current health care context to minimize cost.

Research costs per participant are usually dramatically lower in pragmatic trials but the large 

sample sizes required to detect clinical benefit means they are rarely inexpensive. 

Furthermore, information on the broader effects of an intervention, including off-target and 

unanticipated effects has implications for translation to practice. These are most reliably 
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assessed as outcomes in the context of a randomized trial. To properly capture the expected 

and unexpected effects of treatment, the scope of the trial could expand considerably, driving 

up research costs.

The demand for improving generalizability and broadening data collection while reducing 

costs of clinical trials have led to an interest in re-purposing data collected for other reasons. 

Administrative data, such as health insurance or Medicare claims data, have long been used 

in health services research, but they are not commonly used to capture clinical outcomes 

data in clinical trials. To understand how we might meet these demands, and particularly to 

conduct other, more efficient randomized trials within an existing study cohort, investigators 

in the Women's Health Initiative (WHI) program have been evaluating the use of Medicare 

claims data for outcomes assessment. The results have been sufficiently promising that a 

pragmatic trial of physical activity has recently been funded by the National Heart Lung and 

Blood Institute that will rely heavily upon Medicare data. Here we briefly describe both 

WHI and the newly embedded trial, called WHI Strong and Healthy (WHISH), and review 

the WHI evaluation of Medicare data that supported the WHISH pragmatic trial design.

Women's Health Initiative overview

The Women's Health Initiative was launched in 1993 to examine the effects of menopausal 

hormone therapy, a low-fat diet, and calcium and vitamin D supplements on risk of major 

chronic diseases in postmenopausal women. Overall, 68,132 women aged 50-79 years 

participated in one, two or all three of these randomized controlled trials. Women who were 

excluded from the trials for safety, adherence, or competing risk criteria or who were not 

interested were offered enrollment in the parallel observational study (n=93,676). Study 

design and implementation details have been published.1,2

The WHI trials were pragmatic in the sense that eligibility was broadly defined, recruitment 

was population-based, interventions were delivered in a cost-effective manner, and there was 

a broad assessment of health effects including all hospitalized events.1 Furthermore, the 

results of each trial were intended to directly inform clinical practice. WHI was not a so-

called large simple trial, however, in that the entire infrastructure was created to purpose. 

The data collected, including adherence assessments, selected health updates, medical 

records retrieval and adjudication of all key health events were developed to support this 

study--a costly, burdensome activity.2,3

In 2005 after all of the trials ended, participant follow-up was extended without further 

intervention for all re-consenting participants for the purpose of documenting longer term or 

late effects of the interventions. The frequency of health updates was reduced to annual self-

reports but medical record collection and adjudication continued using the same 

mechanisms. To accommodate reduced funding beginning in 2010, adjudication of clinical 

events was limited to approximately 25% of the continuing participants. This subset, 

referred to as the Medical Records Cohort, was composed of former menopausal hormone 

trial participants and all African-American and Hispanic participants, the subset for which 

additional data was expected to be most informative. The remaining participants still in 

active follow-up, called the Self-Report Cohort, received the same annual health update 
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questionnaires but their medical records were no longer collected nor health outcomes 

adjudicated.

Throughout follow-up, outcomes data have been supplemented with death information 

obtained through linkage to the National Death Index. Subsequent linkage to Medicare data 

from the Center for Medicare and Medicaid Services (referred to subsequently as Medicare) 

was originally pursued to support analyses of an even broader range of health conditions 

than were captured through the active follow-up mechanisms.

WHI Strong and Healthy (WHISH) overview

The WHISH trial, recently funded by the National Heart Lung and Blood Institute (Drs. 

Marcia Stefanick, Charles Kooperberg, and Andrea LaCroix, Principal Investigators), is a 

pragmatic randomized trial embedded within the WHI cohort, designed to determine 

whether a public health-based intervention to increase physical activity would reduce 

cardiovascular disease risk in older women.4 The intervention being tested (Go4Life) is 

available to the general public through the National Institutes on Aging.5 Because WHI 

participants still in active follow-up have consented to be in research, and have agreed to 

provide ongoing updates on their health status and to allow linkage to national data sources, 

the necessary outcomes data for WHISH are already available through WHI. Taking 

advantage of this existing infrastructure, the trial uses Zelen's randomized consent design6 

with an opt-out strategy for consenting participants selected for intervention. Cardiovascular 

health outcomes for women in the Medical Records Cohort will be based on traditional 

physician adjudication but those for women in the Self-Report Cohort will be obtained 

largely through linkage to Medicare and the National Death Index.

The primary analysis will be based on a Cox regression model under the intention-to-treat 

principle, comparing those randomized to intervention, regardless of their consent status to 

the intervention, to those randomized to control with stratification by cohort membership 

(Medical Records vs Self-Report). The validity of the comparisons in the Self-Report Cohort 

relies primarily on the retrospective evaluation of these data within the original WHI study.

Access to Medicare data

The WHI Clinical Coordinating Center sought Medicare files dating back to 1991 to link to 

the WHI participant database. Medicare routinely provides a data file documenting the 

coverage status of enrollees over time (Denominator file) as well as files organized around 

reimbursement claim types: Inpatient (MedPar), Outpatient, Home Health, Skilled Nursing, 

Hospice, Durable Medical Equipment, Carrier, and Part D—Prescription Drug.

With Institutional Review Board approval, WHI provided Medicare with personal identifiers 

for 151,169 WHI participants, the entire cohort for whom valid social security numbers were 

available. Of these, 150,792 had reached age-eligibility for Medicare by the time of latest 

linkage (2012). Medicare returned a linkage file with 147,998 records matched by social 

security numbers who were Medicare enrollees. Of these, 1161 were dropped because they 

did not appear in the Medicare Denominator file between 1991 and 2012 or because 

Medicare indicated the enrollee was male. Of the remaining 146,837 linked records based on 
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social security number, 143,058 had exact matches for either date of birth or death. An 

additional 2633 were viewed as acceptable linkages after allowing for small discrepancies in 

birth date but requiring a match on 5-digit zip-code. Overall, linkage was considered 

adequately established for 145,691 participant records, 96.6% of age-eligible participants 

with a valid social security number.

Although the Medicare linkage was highly successful, the availability of claims data is 

limited by the inclusion of study participants enrolled in health maintenance/managed care 

organizations (HMOs) which may vary over time. HMOs function under a capitated system 

where Medicare does not process individual claims for visits, procedures, etc. Rather 

providers receive reimbursements for their Medicare patients based on an overall cost per 

enrollee. Thus while an HMO enrollee may be found indicating the study participant was 

covered by Medicare, details of their provider visits are not usually available.

Medicare coverage for WHI participants increased with the aging of the cohort to nearly 

80% (Figure 1). Roughly one-third of these Medicare enrollees received their health care 

through HMOs in any calendar year, limiting the availability of their claims data. Because 

individuals have regular opportunities to change type of coverage, additional gaps in the 

administrative data stream can occur, although these appear to be relatively infrequent. For 

example, between January 1, 2011 and January 1, 2012, 2.12% of WHI participants in 

Medicare changed types of coverage, with 0.55% switching from HMO to fee-for-service 

and a larger fraction (1.57%) migrating from fee-for-service to HMO coverage.

Agreement rates between outcomes ascertained through WHI and Medicare

The validity of cardiovascular health events ascertained by algorithms applied to Medicare 

data was assessed by comparing events in the same women found by the current standard of 

protocol-driven data collection and physician adjudication of medical records. These 

analyses were restricted to the Inpatient Medicare data to evaluate it as a potential alternate 

source of data for the adjudicated hospitalized events collected throughout WHI follow-up. 

They were further restricted to those study subjects who were continuously enrolled in fee-

for-service Medicare (Part A) during their WHI participation. The continuous enrollment 

helps to ensure that any discrepancies would not be attributable to changing coverage. 

Previously published analyses reviewed here examined selected cardiovascular diagnoses 

(acute myocardial infarction), stroke and abdominal aortic aneurysm) and procedures 

(coronary revascularization, peripheral vascular procedures of the lower extremity, and 

carotid artery treatments).7-9

Algorithms using International Classification of Diseases, Ninth Revision, Clinical 

Modification (ICD-9-CM) diagnosis and procedure codes were taken from the Chronic 

Conditions Warehouse.10 The algorithms themselves are not complex but numerous codes 

may be required to capture a condition (See codes for selected cardiovascular outcomes in 

Table 1). Because providers submit a primary diagnosis code and up to nine secondary 

diagnosis codes and six procedure codes in each claim for a hospital stay, two approaches 

were considered: (1) calling an event only if a qualifying code was in the principal position 

or (2) calling an event if one of these same codes was in any position. Other factors, such as 
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variability in dates of diagnoses/procedures and Medicare identified events where WHI did 

not collect medical records, were explored.

Hlatky et al. examined agreement rates between fully adjudicated acute myocardial 

infarction and those identified by algorithms applied to Medicare data at the individual 

level.7 The algorithm using only the principal diagnosis code provided excellent specificity 

(99.2%) but sensitivity and positive predictive value were not as strong (68% and 76% 

respectively, Table 2). Including acute myocardial infarction codes in any position improved 

sensitivity to 79% at a modest cost to specificity (98.8%) and positive predictive value 

(71%). In comparable person-level analyses, Lakshminarayan et al., found a similar pattern 

for stroke diagnoses with slightly higher sensitivity.8 Mell et al. used an algorithm that 

accepted diagnosis codes in any position for abdominal aortic aneurysm, a much rarer 

condition, and found excellent specificity (greater than 99.9%) and very good sensitivity 

(91%) but the positive predictive value reached only 61%.9 Kappa statistics ranged from 

0.66 to 0.75.

The agreement rates for procedures were somewhat more robust than for diagnoses (Table 

2), with sensitivity ranging from 76.4% to 94%, specificities all above 99.6% and positive 

predictive values ranging from 55.7% (lower extremity peripheral vascular procedure) to 

90.3% (percutaneous coronary intervention).7,9

Discrepancies in identifying women with these clinical events between the two sources were 

examined to the extent possible in existing data. In over half of events found in Medicare but 

not in the WHI there were no corresponding self-reports of hospitalizations in WHI to 

trigger retrieval of medical records. Other reasons for these discrepancies included absence 

of medical records (no medical release obtained or protocol-defined reasons for not 

requesting documents) and confirmation of a related diagnosis. When an event was 

ascertained through WHI but no event was identified by the algorithm in Medicare, the 

underlying reasons for the discrepancies included: event of interest was not the principal 

diagnosis code, a related diagnosis code was used, an unrelated diagnosis code was used, or 

there were no claims for a hospitalization.7-9 Dates of events from the two sources were very 

consistent (Table 3).7-9

Inference based on administrative data

The most important assessment of the value of administrative data for follow-up in 

pragmatic trials is the validity of the inference it is expected to support. The original WHI 

randomized trials provided an excellent venue for this evaluation because of the large 

number of participants enrolled in Medicare. Pooling the WHI hormone trials, Hlatky et al. 

found somewhat fewer clinical myocardial infarctions and non-procedure-related myocardial 

infarctions but more coronary revascularizations using Medicare data than were seen in the 

WHI data for these same participants. The resultant hazard ratios and 95% confidence 

intervals for the two data sources, however, were quite comparable (Table 4).7
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Discussion

For selected cardiovascular events that involve hospitalization, the correspondence between 

events ascertained through Medicare and those identified through WHI protocol-driven 

mechanisms were reasonably well-aligned with those detected through the traditional 

methods of large-scale cohort studies. The specificity of the algorithms for these relatively 

low event rates conditions was excellent. Sensitivity and positive predictive value measures, 

while good, left room for improvement. For the purpose of assessing treatment effects in a 

randomized trial setting, the comparability of the hazard ratios and confidence intervals 

derived from administrative versus those from the original WHI randomized trial data 

provide reassurance that these methods can provide valid inference while reducing costs for 

pragmatic trials.

The similarity of the WHI hormone trial results is consistent with a growing literature from 

other cardiovascular trials suggesting that central adjudication does not add significant value 

to primary results of randomized trials when compared to investigator-reported,11-13 

registry-derived,14 and death certificate15 outcomes. Some have seen a critical impact of 

central adjudication on trial results,16 however, and others have argued that adjudication is 

currently required by high impact journals.17 Indeed, the controversial nature of the WHI 

hormone trial results suggested that compromises in data quality, regardless of its lack of 

effect on statistical measures, could have made these results even more contentious. A better 

appreciation of the robustness of randomized trial results may alleviate some of these 

concerns. Psaty et al.18 found mostly quite consistent hazard ratios and confidence intervals 

for cardiovascular disease risk factors for myocardial infarction in the Cardiovascular Health 

Study when comparing Medicare derived and adjudicated outcomes, suggesting similar 

robustness in the context of a carefully-designed observational study. The smaller number of 

events detected through Medicare was a concern, however, especially if using only the 

principal diagnosis code. This would have implications for power that would need to be 

considered in a trial design. Floyd et al. reported a study of a rare adverse drug reaction in 

which there was a serious attenuation of the association between simvastatin and 

rhabdomyolysis with administrative data relative to validated cases in the context of an 

HMO.19 The very low positive predictive power from their algorithm for administrative data 

is likely a strong factor in this poor performance.

In settings where outcomes misclassification is a concern, methods to improve inference 

have been proposed. For binary or discrete failure time data, adjustments incorporating 

estimates of sensitivity and specificity serve to de-attenuate the treatment effect estimates 

when misclassification is independent of treatment.20-22 If misclassification depends on 

treatment or other covariates, however, bias in either direction could be introduced.23 In this 

setting, one may improve treatment effect estimates and efficiency by incorporating a 

validation subsample within the larger study population to obtain and model the 

misclassification parameters.20,22-26 In the context considered here, supplementation of 

administrative data with more traditional surveillance and outcomes assessments in a 

validation subsample would allow for estimation of performance statistics and adjustment of 

the treatment effect estimator.
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More limited work has been done in the context of continuous failure time data. Dodd et al. 

propose an estimator that linearly combines treatment effect estimates from both sources in 

the validation subsample with that from the administrative data in the non-validation 

sample.27 The estimates derived from administrative data are weighted by a factor 

determined to minimize the variance of the linear combination. The correlation between 

failure times in the administrative and the adjudicated data derived from the validation set is 

a key parameter in this weighting factor. Their estimator uses the adjudicated data to address 

bias in the administrative data and the administrative data to improve efficiency over a study 

using only adjudicated data. All of these proposed methods for analyzing outcomes with 

measurement error suggest that validation studies should be embedded in the trial design, at 

least until there is a better understanding of the statistical properties of claims data.

Some cautions regarding the use of administrative data are in order. Other outcomes than 

those examined here, particularly those lacking specific diagnosis codes (e.g., cancer 

recurrence) will be more challenging to assess through administrative data. For some cases, 

more complex algorithms may be needed. Chubak et al. examined multiple algorithms 

designed to optimize the performance measure of highest priority for assessing breast cancer 

recurrence, a condition without a diagnostic code.28 Kroenke et al. extended this to use 

multiple algorithms (high sensitivity and high specificity) followed by medical record review 

for any discrepancies.29 Such approaches may be useful for some outcomes with poorer 

documentation through insurance claims or when the performance characteristics are 

unacceptable.

The analyses here also point out the potential errors that may occur in traditional outcomes 

ascertainment in population-based studies. Although WHI was not able to trace back events 

detected only through Medicare, review of records and data already available to WHI 

suggest that there may be incomplete and/or incorrect recall of events, as well as 

administrative and logistical barriers that result in under-reporting of outcomes.

The close agreement of the hazard ratios and confidence intervals derived from adjudicated 

and administrative data here arose in the context of a randomized double-blinded trial with 

an active follow-up protocol. Randomization protects against imbalance on baseline factors 

but does not assure balance post-randomization. Differential outcomes ascertainment can 

occur when the trial is not blinded or when there are highly disparate treatment-related 

symptoms or side-effects (e.g., menopausal hormone increases vaginal bleeding, breast 

density and mammography performance30 and finasteride effects on prostate-specific 

antigen levels and prostate size31). These treatment effects can lead to greater contact 

between participants and their health care providers or study staff or affect interpretation of 

test results, leading to differential surveillance, detection and/or diagnosis. Passive 

surveillance through administrative data sources may not protect against these biases. When 

these threats are present, a well-designed active follow-up protocol may be needed.

Practical matters in considering use of claims data include gaps in data availability, lag-time 

to receiving updates, and overall data complexity. The largest data loss from using Medicare 

linkage for WHI participants over 65 is in missing information for those who receive their 

care through HMOs. In younger US populations, reliance on claims data from a specific 
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insurer would be subject to similar gaps created by discontinuities in coverage. The WHISH 

trial is addressing this concern by design, requiring enrollment in fee-for-service Medicare 

as part of eligibility at baseline for the Self-Report Cohort and supplementing with targeted 

medical records review as needed to fill in gaps that occur over time. A more efficient 

approach for our research enterprise nationally would be to have access to HMO equivalent 

diagnostic and procedure information. Lack of detail for some conditions (e.g., procedure 

results, histologic classification) is another limitation of Medicare data.

The initial process of obtaining Medicare data requires advanced planning but once 

approved, the updates are more straightforward. These data, typically available annually, are 

less frequent and timely than usual for trial monitoring. In settings with significant safety 

concerns, reliance solely on administrative data to detect early adverse effects may be 

unacceptable. Medicare files are not easy to work with and the codes and format may change 

over time. The statistical analysis plan for a trial relying on Medicare data for outcomes 

needs flexibility to adapt to these changes that occur outside of the researchers' control.

In summary, pragmatic trials represent a critical step towards achieving evidence based 

medicine. Efforts to make such trials more affordable and feasible are needed so that more 

can be done within existing resources. Because claims data allow for much broader 

assessment of health outcomes and are available for a large population at significantly lower 

cost than any research driven data collection mechanisms, efforts to understand their value 

for inference for pragmatic trials are needed. In the WHI setting, the correspondence 

between selected cardiovascular events derived from Medicare claims to those ascertained 

through the WHI protocol was sufficiently promising to support the launching of WHISH, a 

new embedded trial that will rely heavily upon Medicare claims for outcomes data. The 

novel design features of WHISH, including a randomized consent design and a validation 

substudy may be a model for future pragmatic trials.
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Figure 1. Percentage of all WHI Participants (n=161,808) successfully identified as enrolled in 
Medicare overall and the subset of those receiving their Medicare coverage through a health 
maintenance organization (HMO), by calendar year
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Table 1
Definitions of selected cardiovascular events in Medicare Inpatient (MedPar) files based 
on Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) Codes

Clinical event Diagnostic and procedure codes used to define events in Medicare

Acute myocardial infarction Hospital discharge codes: 410.×0, 410.×1

Coronary revascularization Procedures codes for coronary artery bypass graft (36.1×, 36.2) or percutaneous coronary intervention (00.66, 36.0, 36.00, 36.01, 36.02, 
36.05, 36.97)

Abdominal aortic aneurysm Diagnosis codes (441.3-441.5, 441.9) or procedure codes (38.34,38.44,39.25,39.52,39.71) or CPT codes (35081, 35082, 35102, 35103, 
35091, 0001T, 0002T, 35800, 34802-34805, 34830-34832)

Left Extremity peripheral 
artery disease

Diagnosis codes (440.20-440.24, 440.0, 443.0,444.22,444.81, 447.1,443.81 or 250.70), Procedure codes (39.50, 39.90, 00.55, 17.56, 99.10, 
38.08,38.14, 38.16, 38.18, 39.25, 39.29, 84.11, 84.12, 84.15, 84.17) or CPT codes 
(35583,35556,35585,35571,35587,35621,35654,35646,35651,35656,35661, 
35351,35355,35371,35302,35303,35306,34201,34203,35666,35665,35681, 
27590,27880,27882,27884,28805,28810,28820,28825,37205,35471-35474,37226-37231,35470,35491,-35495,35606,37220,37221,37224,04 
37225

Coronary artery Stenosis 
treatment

Diagnosis codes (433.10,433.30, 447.1, 433.11), procedure codes (38.42,38.12,39.90, 00.63) or CPT codes 
(35301,35390,37215,37216,0005T,0075T,0076T)
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