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IMPORTANCE Pragmatic clinical trial designs have proposed the use of medical claims data to
ascertain clinical events; however, the accuracy of billed diagnoses in identifying potential
events is unclear.

OBJECTIVES To compare the 1-year cumulative incidences of events when events were
identified by medical claims vs by physician adjudication and to assess the accuracy of
bill-identified events using physician adjudication as the criterion standard.

DESIGN, SETTING, AND PARTICIPANTS This post hoc analysis of a clinical trial assessed the
medical claims forms and records for all rehospitalizations at 233 US hospitals within 1 year of
the index acute myocardial infarction (MI) of 12 365 patients enrolled in the Treatment With
Adenosine Diphosphate Receptor Inhibitors: Longitudinal Assessment of Treatment Patterns
and Events After Acute Coronary Syndrome (TRANSLATE-ACS) study between April 1, 2010,
and October 31, 2012. Fourteen patients (0.1%) died during the index hospitalization and
were excluded from analysis. Recurrent MI, stroke, and bleeding events were identified per
the International Classification of Diseases, Ninth Revision, Clinical Modification diagnosis and
procedural codes in medical bills. These events were independently adjudicated by study
physicians through medical record reviews using the prespecified criteria of recurrent MI and
stroke and the bleeding definition by the Global Utilization of Streptokinase and Tissue
Plasminogen Activator for Occluded Coronary Arteries (GUSTO) scale. Medical claims were
reported on a Uniform Bill-04 claims form; claims were collected from all hospitals visited by
patients enrolled in TRANSLATE-ACS. Agreement between medical claims–identified events
and physician-adjudicated events over the 12 months after discharge was assessed with the κ
statistic. Data were analyzed from January 30, 2015, to March 2, 2017.

MAIN OUTCOMES AND MEASURES Event rates within 1 year after MI.

RESULTS Among 12 365 patients with acute MI, 8890 (71.9%) were men and mean (SD) age
was 60 (11.6) years. The cumulative 1-year incidence of events identified by medical claims
was 4.3% for MI, 0.9% for stroke, and 5.0% for bleeding. Incidence rates based on physician
adjudication were 4.7% for MI, 0.9% for stroke, and 5.4% for bleeding. Agreement between
medical claims–identified and physician-adjudicated events was modest, with a κ of 0.76
(95% CI, 0.73 to 0.79) for MI and 0.55 (95% CI, 0.41 to 0.68) for stroke events. In contrast,
agreement between medical claims–identified and physician-adjudicated bleeding events
was poor, with a κ of 0.24 (95% CI, 0.19 to 0.30) for any hospitalized bleeding event and 0.15
(95% CI, 0.11 to 0.20) for moderate or severe bleeding on the GUSTO scale.

CONCLUSIONS AND RELEVANCE Event rates at 1 year after MI were lower for MI, stroke, and
bleeding when medical claims were used to identify events than when adjudicated by
physicians. Medical claims diagnoses were only modestly accurate in identifying MI and
stroke admissions but had limited accuracy for bleeding events. An alternative approach may
be needed to ensure good safety surveillance in cardiovascular studies.
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T here is increasing interest in pragmatic clinical trials de-
signed to compare therapeutic effectiveness and safety
in routine clinical practice.1-3 One proposed means of

minimizing patient follow-up costs is to use medical claims as
an alternative to traditional clinical follow-up and dedicated
data collection to adjudicate events of interest.4-7 Few stud-
ies have evaluated the accuracy of medical claims diagnosis
codes when compared with the accuracy of physician event
adjudication. Previous studies also have largely been limited
to Medicare claims for patients older than 65 years.8-10

Treatment With Adenosine Diphosphate Receptor Inhibi-
tors: Longitudinal Assessment of Treatment Patterns and
Events After Acute Coronary Syndrome (TRANSLATE-ACS) was
a multicenter, longitudinal study of 12 365 patients with acute
myocardial infarction (MI) enrolled at 233 US hospitals.11 Medi-
cal claims forms for all rehospitalizations of TRANSLATE-
ACS participants during the study follow-up period (April 1,
2010, to May 13, 2014) were collected. Medical records were
collected to perform independent physician adjudication of MI,
stroke, and bleeding events. Our objectives were to (1) com-
pare medical claims–identified vs physician-adjudicated cu-
mulative incidence of recurrent MI, stroke, and bleeding events
within 1 year after MI and (2) assess the accuracy of claims-
identified events using physician adjudication as the crite-
rion standard.

Methods
Patients and Study Design
The TRANSLATE-ACS was an observational study of 12 365 pa-
tients with acute MI treated with percutaneous coronary in-
tervention and adenosine diphosphate receptor inhibitor
therapy during the index MI hospitalization.11 Patients were
enrolled from April 1, 2010, through October 31, 2012. The in-
stitutional review board of the Duke University Health Sys-
tem approved this post hoc analysis. At enrollment, all pa-
tients provided written informed consent for medical claims
and records collection related to any rehospitalization within
the 15 months after index MI hospitalization. These claims and
records were collected by trained personnel at the Duke Clini-
cal Research Institute, Durham, North Carolina.11,12

Data Collection and Definitions
Data collection was triggered (1) by patient self-report of a re-
hospitalization, including screening of surrounding dates
(within 7 days) and geographic areas (within 60 miles) if a hos-
pital bill could not be found for the exact patient-reported date
or location; (2) by additional hospital stays beyond the 7-day
window reported by these hospitals; or (3) by standard que-
ries of all TRANSLATE-ACS hospitals at 12 months after en-
rollment to screen for rehospitalizations that were under-
reported by the patient. Medical claims were reported on a
Uniform Bill (UB-04) claims form, which is a common report-
ing format used by US hospitals that contains diagnosis and
procedural codes. Hospital claims were collected from all hos-
pitals visited by enrolled patients regardless of payer type.
Medical claims reported only in-hospital deaths, whereas phy-

sician adjudication searched all TRANSLATE-ACS data re-
sources to ascertain death, including death indexes, family con-
tacts, site summary reports, and medical records.

Medical records, including discharge summaries, labora-
tory results, procedure reports, and operative reports, were col-
lected after the bill confirmed at least an overnight rehospi-
talization. If the UB-04 bill could not be obtained or if
International Classification of Diseases, Ninth Revision, Clini-
cal Modification (ICD-9-CM) codes were not available on the
bill, then the study team requested records directly from sites
to determine rehospitalization occurrence. The study physi-
cians at the Duke Clinical Research Institute independently ad-
judicated outcomes after medical record review using the pre-
specified criteria of recurrent MI and stroke and bleeding
definition by the Global Utilization of Streptokinase and Tis-
sue Plasminogen Activator for Occluded Coronary Arteries
(GUSTO) scale (eTable 1 in the Supplement).13 For this analy-
sis, the outcomes of recurrent MI, stroke, and bleeding were
ascertained from medical claims using prespecified ICD-
9-CM diagnosis and procedural codes (eTable 2 in the
Supplement).14-16 For each outcome, the primary analysis ex-
amined the first diagnosis code of each bill (primary diagno-
sis for the hospitalization). Secondary analyses were also con-
ducted that considered diagnosis codes in the first or second
position and then in any position on the bill. Notably, ICD-
9-CM codes in medical claims identified bleeding events but
could not classify GUSTO scale bleeding severity because ICD-
9-CM codes do not capture data on hemoglobin drop or he-
modynamic instability. Because transfusion can be identi-
fied by medical claims, secondary analyses examined the
addition of transfusion to bleeding diagnosis codes.

Statistical Analysis
Data were analyzed from January 30, 2015, to March 2, 2017.
We calculated the total number of each event type when iden-
tified by medical claims vs when physician adjudicated. We
also calculated cumulative incidence rates at the patient level
of each event type and the combined outcome of death, MI,
and stroke when defined by the 2 respective methods. The pri-
mary analysis included the entire study population (N = 12 365).
There were rehospitalizations for which medical claims could

Key Points
Question Can medical claims be used to accurately assess
cardiovascular and bleeding events after myocardial infarction in
an all-ages population?

Findings In this secondary analysis of a clinical trial of 12 365
patients with acute myocardial infarction, the cumulative 1-year
event rates for myocardial infarction, stroke, and bleeding were
lower when medical claims were used to identify events compared
with physician adjudication. Billed diagnoses were modestly
accurate in identifying myocardial infarction and stroke admissions
but had limited accuracy in identifying bleeding events.

Meaning The limited accuracy of medical claims in identifying
bleeding events suggests the need for an alternative approach to
ensure good safety surveillance in cardiovascular studies.

Medical Claims Accuracy for Cardiovascular and Bleeding Events After Myocardial Infarction Original Investigation Research

jamacardiology.com (Reprinted) JAMA Cardiology July 2017 Volume 2, Number 7 751

© 2017 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/25/2022

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamacardio.2017.1460&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2017.1460
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamacardio.2017.1460&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2017.1460
http://www.jamacardiology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2017.1460


not be collected or ICD-9-CM codes were unavailable on the
bill. Thus, we performed sensitivity analyses to assess 1-year
event rates after excluding patients with 2 or more rehospi-
talizations missing ICD-9-CM codes (n = 221) and after exclud-
ing patients with any rehospitalization missing ICD-9-CM codes
(n = 762). We compared event rates using the first diagnosis
code of medical claims and physician adjudication.

The agreement between medical claims–identified events
and physician-adjudicated events over the 12 months after dis-
charge was assessed with κ statistic, which compares the ob-
served proportion of agreement between the 2 methods with
the proportion of agreement expected by chance; a κ of 1 de-
notes complete agreement, and a κ of 0 demonstrates no more
agreement than expected by chance. We repeated the κ sta-
tistic to examine agreement on a patient-level analysis that con-
sidered whether the patient had at least 1 of that event type
within the year after discharge (eg, if a patient had 2 hospital
stays with MI claims codes and only 1 stay was adjudicated as
MI, then both claims and adjudication methods would agree
at the patient level but not at the event level).

To examine potential discrepancies in analysis results
when using claims-identified vs physician-adjudicated events,
we compared 1-year rates of MI and bleeding as well as the com-
posite of death, MI, and stroke between men and women. Myo-
cardial infarction and bleeding cumulative incidence rates were
compared between sexes using physician-adjudicated events
data and claims data with codes in the first diagnosis posi-
tion, first or second diagnosis position, and all diagnosis po-
sitions. We used Cox proportional hazards models to exam-
ine sex differences in event risk, presented as hazard ratios
(HRs) and 95% CIs.

We used SAS version 9.4 (SAS Institute Inc) for all statis-
tical analyses. P < .05 was considered statistically significant,
and all tests were 2-tailed.

Results

Study Population and Hospitalizations
Among 12 365 patients, the mean (SD) age was 60 (11.6) years
and 8890 (71.9%) were men. Of these, 14 patients (0.1%) died
during the index hospitalization and were excluded (Figure 1).
Among patients who were discharged alive (n = 12 351), 14 689
rehospitalizations occurred in the 12 months after index dis-
charge; of these, 493 rehospitalizations (3.4%) were rehabili-
tation encounters and were excluded. Of the remaining rehos-
pitalizations (n = 14 196), 2906 (20.5%) were observation stays
involving at least 1 overnight stay, 6471 (45.6%) were inpa-
tient stays, and 4819 (34.0%) were emergency department vis-
its only. Bills with ICD-9-CM codes were available for 12 983
(91.5%) of the hospitalizations.

Incidence of Events
Cumulative incidence curves for physician-adjudicated and
claims-identified clinical events are presented in Figure 2. The
1-year cumulative incidence rates for MI, stroke, and bleed-
ing identified by the primary diagnosis code were generally
lower with medical claims than with physician adjudication
(Table 1). When broadened to all diagnosis codes, 1-year inci-
dence rate of MI was still lower when ascertained by claims
(4.3%) than by physician adjudication (4.7%), and so was the
incidence of any bleeding (5.0% vs 5.4%). For stroke, both
medical claims and physician adjudication rates were 0.9%.
The rate of GUSTO moderate or severe bleeding by physician
adjudication was 2.6%. The addition of transfusion codes
to the bleeding definition overestimated the bleeding rates
to 6.2%.

In sensitivity analyses excluding patients with 2 or more
rehospitalizations missing ICD-9-CM codes (n = 221), the

Figure 1. Flowchart of Patients and Hospitalizations in the Treatment With Adenosine Diphosphate Receptor
Inhibitors: Longitudinal Assessment of Treatment Patterns and Events After Acute Coronary Syndrome
(TRANSLATE-ACS) Study

12 365 Patients in study population

12 351 Final study population

14 Died during index
hospitalization

493 Rehabilitation

14 689 Rehospitalizations in 12 mo

14 196 Nonrehabilitation, rehospitalizations
in 12 mo

12 983 Total hospitalizations with medical claims

6471 Inpatient stays 4819 ED visits only2906 Observation stays

5988 Medical claims 4598 Medical claims2397 Medical claims

ED indicates emergency department.
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Figure 2. Cumulative Incidence Curves
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cumulative incidence rates of physician-adjudicated events
were similar to the primary analysis in all study patients; how-

ever, the incidence of claims-identified events was lower, par-
ticularly for bleeding (eTable 3 in the Supplement). When pa-
tients with any rehospitalizations missing ICD-9-CM codes
(n = 762) were excluded, similar results were found.

Hospital bills were only able to ascertain in-hospital death,
identifying 195 of 431 total deaths (45.2%) confirmed among
patients discharged alive after the index MI. The incidence of
the composite outcome of death, MI, and stroke at 1 year was
7.5% by physician adjudication; by medical claims, this rate
was 5.1% when only the primary diagnosis code was used and
6.0% when all diagnosis codes were used.

Event-Level Agreement
Table 2 displays agreement between claims-identified events
and physician-adjudicated events. For MI, agreement be-
tween medical claims and physician adjudication was reason-
able when only the first diagnosis code of each bill was exam-
ined (κ = 0.62; 95% CI, 0.59-0.66) and improved when the
examination was broadened to include all diagnosis codes in
the bill (κ = 0.76; 95% CI, 0.73-0.79). Agreement was lower
for stroke (κ = 0.52; 95% CI, 0.39-0.64) and improved margin-
ally by using the first or second diagnosis codes (κ = 0.59;
95% CI, 0.46-0.72) or all diagnosis codes (κ = 0.55; 95% CI,
0.41-0.68).

Agreement for bleeding events was markedly lower; the
κ was 0.22 (95% CI, 0.18-0.25) and did not improve substan-
tially when the search was expanded to the first or second di-
agnosis codes (κ = 0.25; 95% CI, 0.21-0.30) or to all diagnosis
codes (κ = 0.24; 95% CI, 0.19-0.30). When compared with phy-
sician-adjudicated GUSTO moderate or severe bleeding, the

Table 1. Cumulative Incidence of Medical Claims–Identified
and Physician-Adjudicated Events Within 1 Year

Events

Incidence Rate, %
Medical
Claims

Physician
Adjudication

Myocardial infarction

First diagnosis code 3.2 4.7

First or second diagnosis code 4.0 4.7

All diagnosis codes 4.3 4.7

Stroke

First diagnosis code 0.7 0.9

First or second diagnosis code 0.8 0.9

All diagnosis codes 0.9 0.9

All hospitalized bleeding events

First diagnosis code 2.4 5.4

First or second diagnosis code 3.2 5.4

All diagnosis codes 5.0 5.4

All bleeding with inclusion of
transfusion codes

First diagnosis code 4.4 5.4

First or second diagnosis code 5.0 5.4

All diagnosis codes 6.2 5.4

Death/myocardial infarction/stroke

First diagnosis code 5.1 7.5

First or second diagnosis code 5.8 7.5

All diagnosis codes 6.0 7.5

Table 2. Agreement Between Medical Claims–Identified and Physician-Adjudicated Events

Event

No. of Events by Type of Agreement

κ (95% CI)a
Claims Yes,
Physician Yes

Claims No,
Physician Yes

Claims Yes,
Physician No

Claims No,
Physician No

Myocardial infarction

First diagnosis code 482 264 66 1145 0.62 (0.59 to 0.66)

First or second diagnosis code 588 158 90 1121 0.73 (0.70 to 0.76)

All diagnosis codes 625 121 103 1108 0.76 (0.73 to 0.79)

Stroke

First diagnosis code 101 28 12 42 0.52 (0.39 to 0.64)

First or second diagnosis code 115 14 17 37 0.59 (0.46 to 0.72)

All diagnosis codes 120 9 23 31 0.55 (0.41 to 0.68)

All bleeding

First diagnosis code 351 514 31 302 0.22 (0.18 to 0.25)

First or second diagnosis code 431 434 52 281 0.25 (0.21 to 0.30)

All diagnosis codes 575 290 129 204 0.24 (0.19 to 0.30)

All bleeding, including
transfusion codes

First diagnosis code 565 300 211 122 0.18 (−0.04 to 0.07)

First or second diagnosis code 612 253 228 105 0.02 (−0.04 to 0.08)

All diagnosis codes 690 175 273 60 −0.02 (−0.08 to 0.03)

GUSTO scale moderate or severe
bleeding

First diagnosis code 150 241 232 575 0.10 (0.04 to 0.15)

First or second diagnosis code 198 193 285 522 0.14 (0.09 to 0.20)

All diagnosis codes 279 112 425 382 0.15 (0.11 to 0.20)

Abbreviation: GUSTO, Global
Utilization of Streptokinase and
Tissue Plasminogen Activator for
Occluded Coronary Arteries.
a All P values <.001.
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agreement of medical claims worsened in both the primary
analysis (κ = 0.10; 95% CI, 0.04-0.15) and when diagnosis codes
in all positions were considered (κ = 0.15; 95% CI, 0.11-0.20).
Agreement was even worse when adding transfusion codes to
the definition of bleeding (κ = 0.18; 95% CI, −0.04 to 0.07).

Patient-Level Agreement
Patient-level agreement was better than event-level agree-
ment (Table 3). Patient-level agreement improved when the
search from diagnosis codes in the first position was
expanded to all diagnosis codes. For MI, the κ was 0.71 (95%
CI, 0.68-0.74) when only the primary diagnosis code was
considered, 0.79 (95% CI, 0.76-0.82) for the code in the first
or second position, and 0.82 (95% CI, 0.79-0.84) for all diag-
nosis codes. The κ reached 0.87 (95% CI, 0.82-0.92) for
stroke and 0.68 (95% CI, 0.65-0.71) for all bleeding when all
diagnosis codes were considered. When transfusion codes
were added to the definition of bleeding, agreement
between medical claims and physician adjudication was bet-
ter; the κ was 0.68 (95% CI, 0.65-0.71) for the primary diag-
nosis code and 0.70 (95% CI, 0.67-0.73) for all diagnosis
codes. For the composite outcome of death, MI, and stroke,
the κ was 0.72 (95% CI, 0.70-0.75) for the diagnosis code in
the first position, 0.77 (95% CI, 0.75-0.79) for the code in the
first or second position, and 0.78 (95% CI, 0.76-0.80) for the
code in all diagnosis positions.

To assess the differences in analysis results using claims
vs trials data with physician-adjudicated events, we com-
pared the risks of MI and bleeding as well as the composite of
death, MI, and stroke at 1 year between women and men. For
all outcomes, event rates were higher among women; the ab-
solute difference in event rates between women and men were
slightly larger when ascertained by physician adjudication than
by medical claims (eTable 4 in the Supplement). Regardless of
event ascertainment method, women had a higher cumula-
tive incidence of MI than men (6.0% vs 4.2% by physician ad-
judication; 5.3% vs 3.9% by medical claims using all diagno-
sis codes). The HRs comparing the MI risk of women with that
of men were similar (HR, 1.43 [95% CI, 1.22-1.67] by physician
adjudication; HR, 1.37 [95% CI, 1.16-1.64] by medical claims
using all diagnosis codes). The HRs were closest when medi-
cal claims using all diagnosis code positions were compared
with physician adjudication. Similar results were observed for
bleeding (7.2% vs 4.7% by physician adjudication; 6.6% vs 4.3%
by medical claims using all diagnosis codes) and for the com-
posite of death, MI, and stroke (9.2% vs 6.9% by physician ad-
judication; 7.5% vs 5.4% by medical claims using all diagno-
sis codes).

Discussion
Pragmatic clinical trial designs have proposed using preexist-
ing data, such as medical claims, to ascertain clinical events
as a cost-efficient alternative to dedicated trial-specific follow-
up. Our study provides insight into the value and limitations
of using billing data in clinical studies. We found (1) lower event
rates when identified by medical claims rather than by physi-

cian adjudication, (2) moderate event-level agreement for MI
and stroke when ascertained by medical claims rather than by
physician adjudication of medical records but poor agree-
ment for bleeding events, and (3) much better patient-level
agreement than event-level agreement for MI, stroke, and
bleeding outcomes. Our results recommend exercising cau-
tion when using medical claims data alone for event identifi-
cation, particularly for bleeding events.

Estimated event rates based on billing data were lower than
those based on adjudication; therefore, some events may be
missed when using medical claims as the sole method of out-
comes assessment. Claims data may miss events for several rea-
sons. First, medical bills may not always be collectable. In
TRANSLATE-ACS, claims containing diagnosis code informa-
tion were collected for 12 983 rehospitalizations (91.5%), with
lower rates of observation-visit collection, even if the rehos-
pitalization involved an overnight stay, than the rates for in-
patient admissions. Second, medical claims can detect only bill-
able events. Coding practices are driven by reimbursement and
not focused on comprehensive event documentation. Third,
medical claims can ascertain only in-hospital events. Serious
events often entail hospitalization, but early mortality may be
missed; only 195 deaths (45.2%) in TRANSLATE-ACS were in-
hospital events identified by medical bill data. Finally, even a

Table 3. Correlation Between Medical Claims–Identified and
Physician-Adjudicated Events in Event-Level and Patient-Level Analyses

Events

κ (95% CI)

Event Level Patient Level

Myocardial infarction

First diagnosis code 0.62 (0.59 to 0.66) 0.71 (0.68 to 0.74)

First or second diagnosis
code

0.73 (0.70 to 0.76) 0.79 (0.76 to 0.82)

All diagnosis codes 0.76 (0.73 to 0.79) 0.82 (0.79 to 0.84)

Stroke

First diagnosis code 0.52 (0.39 to 0.64) 0.83 (0.77 to 0.89)

First or second diagnosis
code

0.59 (0.46 to 0.72) 0.87 (0.82 to 0.92)

All diagnosis codes 0.55 (0.41 to 0.68) 0.87 (0.82 to 0.92)

All bleeding

First diagnosis code 0.22 (0.18 to 0.25) 0.56 (0.52 to 0.60)

First or second diagnosis
code

0.25 (0.21 to 0.30) 0.62 (0.59 to 0.66)

All diagnosis codes 0.24 (0.19 to 0.30) 0.68 (0.65 to 0.71)

All bleeding, including
transfusion codes

First diagnosis code 0.18 (−0.04 to 0.07) 0.68 (0.65 to 0.71)

First or second diagnosis
code

0.02 (−0.04 to 0.08) 0.70 (0.67 to 0.73)

All diagnosis codes −0.02 (−0.08 to 0.03) 0.70 (0.67 to 0.73)

GUSTO scale moderate or
severe bleeding

First diagnosis code 0.10 (0.04 to 0.15) 0.43 (0.38 to 0.48)

First or second diagnosis
code

0.14 (0.08 to 0.20) 0.46 (0.42 to 0.51)

All diagnosis codes 0.15 (0.11 to 0.20) 0.48 (0.44 to 0.52)

Abbreviation: GUSTO, Global Utilization of Streptokinase and Tissue
Plasminogen Activator for Occluded Coronary Arteries.
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comprehensive claims data source (eg, insurance payer data)
or electronic health record will miss events if the patient tran-
sitions in and out of health plans or health systems or if the
platform does not actively track vital status.

Claims data have been used increasingly to assess clinical
outcomes in comparative effectiveness studies.17 A previous
study linked data from the Women’s Health Initiative to Medi-
care claims for patients older than 65 years and found that MI
event agreement between medical claims and physician ad-
judication was reasonable, with a κ of 0.71 when only the first
diagnosis code was examined and a κ of 0.74 when the first 2
diagnosis codes were examined.9 A similar analysis was per-
formed for stroke,10 which showed moderate agreement be-
tween Medicare data and adjudicated events (κ = 0.69). More-
over, several studies have shown a high positive predictive
value of using Medicare claims data to capture ischemic
events.8,9,15,18 Medicare is a unique data source because Medi-
care beneficiaries seldom disenroll. Consequently, ascertain-
ment of vital status and billed clinical events is fairly compre-
hensive. Nevertheless, Medicare data can describe only patients
older than 65 years enrolled in fee-for-service programs, lim-
iting the data’s use in clinical trials that also enroll patients
younger than 65 years or patients with or without private health
insurance.

The TRANSLATE-ACS study offered a unique opportu-
nity to evaluate claims data accuracy because its protocol man-
dated bill collection for all patients regardless of age and payer
status. Furthermore, all outcome events were centrally adju-
dicated. We found moderate event-level agreement between
primary diagnoses of medical claims and physician adjudica-
tion for MI and stroke events. Because coding priorities for
medical claims are based on reimbursement potential, the hos-
pitalization primary diagnosis code may not align with events
of interest. When we expanded the search to all diagnosis
codes, the agreement rates improved.

Cardiovascular trials often need to identify bleeding
events for safety surveillance. Previous studies have
observed high positive predictive values for identifying
bleeding events with administrative data, especially intra-
cranial and gastrointestinal tract hemorrhages, using medi-
cal record abstraction as the criterion standard.19,20 In this
study, we observed poor event-level agreement between
medical claims and physician adjudication for bleeding
events even when all diagnosis codes were considered
(κ = 0.24). Although bleeding severity cannot be ascertained
from billed codes, severe bleeding would more likely be a
billable diagnosis, but the κ was only 0.15 for GUSTO moder-
ate or severe bleeding when all diagnosis codes were consid-
ered. Patient-level agreement was better than event-level
agreement but was still lower than the agreement observed
for MI and stroke. Moreover, agreement did not substantially
improve when transfusion codes were added to the defini-
tion of bleeding. For example, we compared differences
in MI and bleeding risk between women and men using
2 data sources. Women consistently had higher cumulative
incidence of events than did men, but the direction of the
sex effect in MI and bleeding risk, as well as the composite
of death, MI, and stroke, was the same despite the method

of event ascertainment. The HR point estimates were closest
between medical claims and physician adjudication when
all diagnosis code positions in the claims data set were
considered.

Patient-level analyses had better correlation than event-
level analyses, which is reassuring because patient-level analy-
ses are commonly conducted in clinical trials. In our study, pa-
tient-level κ values were 0.80 or higher for recurrent MI and
stroke, suggesting that medical bill data may be a reasonable
approach to ascertain ischemic outcomes in clinical studies.
Nevertheless, given lower event-level correlation, time-to-
event analyses may have differing results when medical claims
are used rather than physician adjudication. Our findings sug-
gest exercising caution when using medical claims to assess
bleeding events because patient-level correlation is lower than
that for MI or stroke, and event-level correlations are poor. On
the basis of these results, we recommend alternative ap-
proaches beyond medical claims to validate bleeding events
and to appropriately identify bleeding of greater severity that
may be more clinically relevant.

Limitations
The results of this study should be interpreted in light of some
limitations. First, some medical claims (n = 37) could not be
collected from hospitals despite multiple attempts because of
patient privacy concerns (despite patient-signed informed con-
sent and medical record release forms) and the lack of re-
sources to pull information for research purposes. UB-04 forms
containing diagnosis code data were not available from cer-
tain hospital types and encounters, particularly observation-
status hospitalizations. Therefore, several sensitivity analy-
ses excluded patients for whom ICD-9-CM code information
could not be obtained. Second, medical bill codes may have
been inaccurate. For example, manual review of select cases
that disagreed revealed that early readmissions after the in-
dex MI hospitalization had a diagnosis code of 410.x1 (acute
MI, initial encounter), but medical record review revealed that
this code alluded to the previous hospitalization event. Fur-
thermore, the process of physician adjudication can be im-
perfect. Finally, because of the lack of a US universal health
record, we cannot exclude the possibility that hospitaliza-
tions may have been missed despite the extensive screening
of rehospitalizations and safeguards built into the study de-
sign to ascertain events.

Conclusions
Event rates at 1 year were lower for MI, stroke, and bleeding
when medical claims were used rather than physician adju-
dication. Moderate agreement between medical claims and
physician adjudication was observed in ascertaining MI and
stroke events, but agreement was worse for bleeding events.
While medical claims may be a reasonable resource to assess
MI and stroke outcomes, caution is still needed. Medical claims
have limited accuracy in identifying bleeding events, which
suggests the need for an alternative approach to ensure good
safety surveillance in cardiovascular studies.
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