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Bias Implications of Outcome
Misclassification in Observational Studies
Evaluating Association Between Treatments
and All-Cause or Cardiovascular Mortality
Using Administrative Claims

, MS, PhD; Raisa Levin, MS; Kueiyu Joshua Lin, MD, ScD; Elisabetta Patorno

Rishi J. Desai , MD, DrPH
BACKGROUND: The bias implications of outcome misclassification arising from imperfect capture of mortality in claims-based
studies are not well understood.

METHODS AND RESULTS: We identified 2 cohorts of patients: (1) type 2 diabetes mellitus (n=8.6 million), and (2) heart failure
(n=8.1 million), from Medicare claims (2012-2016). Within the 2 cohorts, mortality was identified from claims using the following
approaches: (1) all-place all-cause mortality, (2) in-hospital all-cause mortality, (3) all-place cardiovascular mortality (based on
diagnosis codes for a major cardiovascular event within 30 days of death date), or (4) in-hospital cardiovascular mortality, and
compared against National Death Index identified mortality. Empirically identified sensitivity and specificity based on observed
values in the 2 cohorts were used to conduct Monte Carlo simulations for treatment effect estimation under differential and
nondifferential misclassification scenarios. From National Death Index, 1 544 805 deaths (549 996 [35.6%] cardiovascular
deaths) in the type 2 diabetes mellitus cohort and 1 175 202 deaths (523 430 [44.5%] cardiovascular deaths) in the heart failure
cohort were included. Sensitivity was 99.997% and 99.207% for the all-place all-cause mortality approach, whereas it was
27.71% and 33.71% for the in-hospital all-cause mortality approach in the type 2 diabetes mellitus and heart failure cohorts,
respectively, with perfect positive predicted values. For all-place cardiovascular mortality, sensitivity was 52.01% in the type 2
diabetes mellitus cohort and 53.83% in the heart failure cohort with positive predicted values of 49.98% and 54.45%, respec-
tively. Simulations suggested a possibility for substantial bias in treatment effects.

CONCLUSIONS: Approaches to identify mortality from claims had variable performance compared with the National Death
Index. Investigators should anticipate the potential for bias from outcome misclassification when using administrative claims
to capture mortality.
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as an important resource to monitor postmar-
keting safety of medications, especially among
patients under-represented in randomized controlled
trials (RCTs).! More recently, there has been a sub-
stantial interest in exploring the utility of such sources

Administrative claims data sources have served

for regulatory decision making, with the US Food and
Drug Administration supporting demonstration proj-
ects aiming to replicate findings from completed RCTs
or predict findings of ongoing RCTs using adminis-
trative claims.?® Researchers have also explored the
feasibility of using administrative claims for outcome
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ascertainment after initial randomization to reduce
costs and minimize loss to follow-up that is frequent in
prospective RCTs.*

All-cause and cause-specific mortality are im-
portant outcomes for many clinical research studies
of medications. Assessment of mortality in patient
cohorts identified from administrative claims can be
achieved through linkage with external data sources
such as the National Death Index (NDI) or the Death
Master File (DMF). NDlI is a central database based
on death certificate data and maintained by Centers
for Disease Control and Prevention for the purpose
of providing researchers with passive follow-up for
mortality outcomes. DMF is a database maintained
by the Social Security Administration based on
mortality information from various sources such as
family members, funeral homes, hospitals, States,
Federal agencies, postal authorities, and financial
institutions with a goal to prevent fraud and abuse
of federally funded benefits. Mortality captured in
NDI is generally complete; however, the linkage
is expensive and recording lags of up to 2 years
make it less useful for contemporary cohorts.
DMF linkage is less expensive and more contem-
porary information is available, but the recording
is incomplete because after 2011 deaths reported
by state agencies are not captured for certain
states.®

It may also be possible to assess mortality in-
formation directly from administrative claims data
sources. Some sources such as Medicare claims
administratively capture all-cause all-place mortal-
ity, while some commercial insurance claims data-
bases only contain information on deaths occurring
during hospital admissions.® Further, information
on the cause of death is not available in adminis-
trative claims, which has led researchers to use ad
hoc approaches such as attributing the cause as
cardiovascular for deaths occurring within 30 days
of a healthcare encounter where a major cardio-
vascular condition such as myocardial infarction is
recorded.®” Direct assessment of mortality from
administrative claims is appealing because it avoids
challenges associated with linking to alternate
sources such as NDI or DMF. However, the bias im-
plications of outcome misclassification arising from
imperfect capture of mortality or of its cause in stud-
ies conducted using administrative claims have not
been systematically evaluated. To this end, the key
objectives of the current investigation were to (1)
report performance characteristics of various ap-
proaches for ascertaining mortality in administrative
claims using NDI-recorded mortality as the criterion
standard, and (2) investigate the impact of outcome
misclassification on treatment effect estimates using
simulated scenarios.

J Am Heart Assoc. 2020;9:e016906. DOI: 10.1161/JAHA.120.016906

Mortality in Administrative Claims

METHODS

Data Sources and Study Cohorts

We used 2012 to 2016 Medicare claims data to create 2
separate cohorts of patients older than 65 years of age
with (1) type 2 diabetes mellitus (T2D), and (2) heart fail-
ure (HF), to evaluate potential variation in performance
of various administrative claims—based approaches
for identifying mortality across disease populations.
Patients were included based on recorded International
Classification of Diseases, Ninth Revision or Tenth
Revision (ICD-9 or ICD-10) diagnosis codes for T2D or
HF in inpatient or outpatient claims after 6 months of
continuous enrollment in Medicare (Parts A [inpatient
coveragel, B [outpatient coverage], and D [prescription
benefits]). To increase the specificity of diagnosis, we
excluded patients with /ICD codes of secondary diabe-
tes mellitus or type 1 diabetes mellitus in the 6-month
continuous enroliment period from the T2D cohort. For
the HF cohort, we excluded patients without echocar-
diogram or cardiac catheterization Current Procedural
Terminology codes in 30 days before the HF diagnosis.
Linkage of the NDI to Medicare claims was established
at the patient level for the study years. Mortality infor-
mation recorded in the NDI, along with the cause, was
considered criterion standard for comparison against
claims-based mortality assessment approaches.
A signed data use agreement with the Centers for
Medicare and Medicaid Services was available and the
Brigham and Women’s Hospital’'s Institutional Review
Board approved this study. Patient consent was waived
because of use of deidentified data. Because of the
data use agreement with the Centers for Medicare and
Medicaid Services, administrative claims data will not
be made available to other researchers for purposes of
reproducing the results or replicating the procedure to
protect patient privacy.

Mortality Assessment From
Administrative Claims

We implemented the following approaches to iden-
tify mortality from Medicare claims: (1) all-place all-
cause mortality: defined based on mortality recorded
in Master Beneficiary Summary File or hospitalization
claims with discharge status of death, (2) in-hospital
all-cause mortality: defined based on hospitalization
claims with discharge status of death, (3) all-place
cardiovascular mortality: identified based on the pres-
ence of diagnosis codes for myocardial infarction,
ischemic stroke, intracranial hemorrhage, sudden car-
diac death, or hospitalization for HF within 30 days of
death date recorded in Master Beneficiary Summary
File or hospitalization claims with discharge status of
death,%” (4) in-hospital cardiovascular mortality: iden-
tified based on the presence of diagnosis codes for
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myocardial infarction, ischemic stroke, intracranial
hemorrhage, sudden cardiac death, or hospitaliza-
tion for heart failure within 30 days of death date re-
corded hospitalization claims with discharge status of
death.®” The purpose for implementing approaches
that only use hospitalization claims to identify mortal-
ity was to report performance in circumstances where
this is the only source of mortality information, for in-
stance, when using certain commercial insurance
claims data sources.?

Statistical Analysis

For claims-based approaches to identify all-cause and
cardiovascular mortality, we reported positive pre-
dictive value (PPV), sensitivity, and false positive rate
(FPR or 1-specificity) in the 2 cohorts using NDI-based
death (and cause) as the criterion standard.

Next, we designed a series of Monte Carlo simu-
lations to investigate the impact of misclassification
of mortality on treatment effect estimates in observa-
tional studies conducted using administrative claims
data. In order to base our simulation parameters on
realistic values of treatment-mortality association and
event rates, we extracted summary-level data from 2
large clinical trials that had cardiovascular mortality
as a component of their primary endpoints: (1) the Bl
10773 (Empagliflozin) Cardiovascular Outcome Event
Trial in Type 2 Diabetes Mellitus Patients (EMPA-REG
OUTCOME) trial comparing empagliflozin with placebo
in patients with T2D,® and (2) the prospective compar-
ison of ARNI (angiotensin receptor—neprilysin inhibitor)
with  ACEI (angiotensin-converting—enzyme inhibitor)
to determine impact on global mortality and morbid-
ity in heart failure (PARADIGM-HF) trial comparing
sacubitril-valsartan with enalapril.®° We used ranges
for sensitivity and FPR (or 1-specificity) based on ob-
served values in our 2 empirical cohorts as variable
input parameters that were drawn from a uniform dis-
tribution in 1000 simulations. We simulated nondiffer-
ential misclassification of mortality between treatment
and reference groups for all 4 approaches. Further, we
noted that approaches that only used hospitalization
claims for mortality assessment and the approach that
used recoding of cardiovascular-specific ICD coding
before mortality to identify cardiovascular deaths (ap-
proaches 2, 3, and 4 described above) had the po-
tential for differential misclassification because these
approaches relied on contact with the healthcare sys-
tem for capture of the outcome of mortality. To wit, in
observational studies, if patients included in the treat-
ment group (for instance, users of a newly approved
medication such as empagliflozin or sacubitril-valsar-
tan) are better connected to the healthcare system be-
cause of higher socioeconomic status or geographic
location of their residence than patients in the reference

J Am Heart Assoc. 2020;9:e016906. DOI: 10.1161/JAHA.120.016906

Mortality in Administrative Claims

group (for instance, users of sulfonylurea or enalapril),
then it is plausible to hypothesize that the probability
of capturing mortality through administrative claims,
particularly in-hospital mortality, would be higher for
the treatment group. Therefore, we also simulated
differential misclassification for these approaches by
using a higher range of sensitivity values in the treat-
ment group compared with the reference group, while
holding the FPR constant. Tables S1 and S2 contains
the input parameters for our Monte Carlo simulations.
Results from the simulations were presented as dis-
tribution (median, 2.5th, and 97.5th percentile) of the
treatment effect estimates—risk ratios (RRs) and risk
differences (RDs)—for all scenarios considered.

RESULTS

Study Cohorts

We identified a total of 8.6 million Medicare beneficiar-
ies with T2D with an average (SD) age of 74 (8) years
and 3.1 million with HF with an average age of 79 (8)
years. Table 1 summarizes the key demographic char-
acteristics of the populations included. From NDI, we
observed a total of 1 544 805 deaths (549 996 [35.6%)
cardiovascular deaths) over a mean (SD) follow-up pe-
riod of 2.4 (1.5) years in the T2D cohort and 1 175 202
deaths (523 430 [44.5%] cardiovascular deaths) over
a mean follow-up period of 1.5 (1.3) years in the HF
cohort (Table 2).

Identification of Mortality From
Administrative Claims

For all-cause mortality, we observed a near complete
capture with sensitivities in the range of 99.207% to

Table 1. Characteristics of the Study Cohorts
Diabetes Mellitus Heart Failure
Cohort Cohort

Total sample 8 644 401 3134 414
Age (mean [SD] y) 74 (8) 79 (8)
Male sex, % 4341 43.2
Race, %

White 77.9 82.8

Black 12 10.8

Others 101 6.4
Index year, %

2012 4.7 16

2013 21.6 25.5

2014 13.8 21.9

2015 12.3 19.9

2016 10.5 16.7
Follow-up (mean [SD] y) 2.3(1.5) 1.5(1.3)
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99.997% with perfect PPVs in both cohorts when
using mortality recording from the Master Beneficiary
Summary File or hospitalization claims with discharge
status of death (Table 2). The approach that only used
hospitalization claims to capture all-cause mortality
had sensitivity of 27.71% in the T2D cohort and 33.71%
in the HF cohort, again with perfect PPVs.

The approach identifying all-place cardiovascular
mortality had sensitivity of 52.01% in the T2D cohort
and 53.83% in the HF cohort and PPVs of 49.98% and
54.45%, respectively. Importantly, the FPR (proportion
of patients with noncardiovascular deaths incorrectly
identified as cardiovascular deaths from administrative
claims) was 28.78% in the T2D cohort and 36.16% in
the HF cohort. When using only hospitalization claims
for identifying cardiovascular mortality, the sensitivities
and PPVs were compromised, but FPRs improved
(Table 2).

Results From Monte Carlo Simulations
Table 3 summarizes results from the simulations.
For all-cause mortality, we simulated RRs of 0.68
and 0.84 and RDs/100 person-years of —0.92 and
—1.38 for EMPA-REG and PARADIGM scenarios, re-
spectively. Because of reliable capture of all-place
all-cause mortality from Medicare administrative
claims, no bias caused by outcome misclassification
was observed in estimating RRs or RDs for all-cause
mortality in both EMPA-REG (median [2.5th, 97.5th
percentile] RR 0.68 [0.68, 0.68]; RD -0.92 [-0.93,
-0.91]) and PARADIGM scenarios (RR 0.84 [0.84,
0.84]; RD -1.38 [-1.38, -1.37]). When only using hos-
pitalization claims for ascertaining all-cause mortal-
ity, RRs remained unbiased under nondifferential
misclassification (median [2.5th, 97.5th percentile] RR
0.68 [0.67, 0.68] for EMPA-REG inputs; 0.84 [0.84,
0.85] for PARADIGM inputs). However, under plausi-
ble ranges of differential misclassification, RRs were
substantially biased towards the null when only using
hospitalization claims for ascertaining all-cause mor-
tality for both scenarios (median [2.5th, 97.5th per-
centile] RR 0.81 [0.7, 0.92] for EMPA-REG inputs;
1.00 [0.87, 1.14] for PARADIGM inputs). RDs were
severely biased under differential and nondifferential
misclassification because of compromised sensitivity
in capturing mortality only with hospitalization claims
(Table 3).

For cardiovascular mortality, we simulated RRs of
0.62 and 0.80 and RDs/100 person-years of —0.78
and —-1.49 for EMPA-REG and PARADIGM scenarios,
respectively. For all-place cardiovascular mortality, a
bias towards the null was noted in RRs under differ-
ential as well as nondifferential misclassification (me-
dian [2.5th, 97.5th percentile] RRs 0.66 [0.65, 0.66] and
0.70 [0.67, 0.74], respectively, for EMPA-REG inputs;
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0.83 [0.82, 0.83] and 0.84 [0.83, 0.85], respectively,
for PARADIGM inputs). Substantial bias in RDs was
also noted (median [2.5th, 97.5th percentile] RDs —0.45
[-0.47, —0.45] and -0.39 [-0.46, —0.32], respectively
for EMPA-REG inputs; —-0.76 [-0.77, —0.73] and -0.69
[-0.74, —0.65], respectively for PARADIGM inputs). The
bias in both measures was more pronounced, when
using only hospitalization claims to ascertain cardio-
vascular mortality, especially under differential mis-
classification (Table 3).

DISCUSSION

In this large study of 2 cohorts of Medicare-enrolled
patients with chronic conditions, we noted that
approaches to identify mortality from administra-
tive claims had variable success compared with
NDI. Administrative recording of all-cause mortal-
ity in Medicare claims was near-complete; however,
sources only capturing in-hospital mortality may
be unable to identify a substantial proportion of all-
cause deaths that occur in nonhospital settings.
Further, cardiovascular-specific mortality defined
from administrative claims®’ had poor sensitivity and
PPVs. Collectively, these results suggest that inves-
tigators should anticipate the potential for bias from
outcome misclassification when using claims to cap-
ture mortality.

Given an increasing emphasis on utilizing rou-
tinely collected healthcare data such as administra-
tive claims for conducting investigations of treatment
effects or for ascertaining outcomes in prospective
RCTs to support regulatory decisions,?* it is import-
ant to understand the implications of outcome mis-
classification that is common in such sources. Our
findings have direct implications on comparative ef-
fectiveness research based on administrative claims
data with mortality as the outcome of interest. First
and foremost, we advise caution when using ad hoc
approaches to determine cardiovascular-specific
mortality,®” because of potential misclassification.
In this study, we noted that 28% and 36% of non-
cardiovascular deaths were incorrectly identified
as cardiovascular deaths using such an approach
among patients with T2D and HF, respectively.
Misclassification of a substantial proportion of non-
cardiovascular deaths as cardiovascular could lead
to bias towards the null in studies of cardiovascu-
lar treatments, as observed in our simulations, and
threaten the validity of conclusions. The misclassi-
fication of cardiovascular mortality we observed in
this study also does not appear to be population or
data source specific; a previous study has reported
sensitivity of 36.8% and PPV of 36.4% for enroll-
ees in Medicare Advantage plans.'® Second, when
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mortality information is only available through hospi-
talization claims, risk difference estimates could be
severely biased and RR estimates are only unbiased
under the assumption of nondifferential misclassifi-
cation. We recommend conducting rigorous sensi-
tivity analyses' to evaluate the impact of outcome
misclassification on observed treatment effects in
such circumstances. Overall, to address outcome
misclassification in high-stakes investigations of
medication effects on mortality with potential reg-
ulatory implications, it would be important to make
the process of linking various claims-based sources
with national sources containing detailed mortality
information such as the NDI more economical and
efficient.

Our observation that Medicare claims-based
capture of all-cause mortality appears to be com-
prehensive is encouraging. In a recent study, Strom
et al were able to identify 100% of all-cause mortal-
ity events from administrative claims in patients en-
rolled in CoreValve HIR (US CoreValve Pivotal High
Risk) SURTAVI (Surgical or Transcatheter Aortic Valve
Replacement in Intermediate-Risk Patients) trials and
linked to Medicare claims.* Further, the near-complete
capture of all-cause mortality based on an administra-
tive process also suggests that differential misclassi-
fication, which is a major threat with respect to bias,
is unlikely. Therefore, use of Medicare claims to study
all-cause mortality may be appropriate. However, it
must be noted that bias from outcome misclassifica-
tion only represents 1 source of bias in observational
studies based on administrative claims, and other
sources such as confounding or selection bias must
be carefully considered and addressed. Another im-
portant consideration is that use of all-cause mortality
as a proxy for cause-specific mortality'? may result in
an underestimation of the treatment effect for medica-
tions that are not expected to influence risk of mortal-
ity caused by other causes.

There are some important limitations of this
study. First, we used NDI-recorded cause of death
as the criterion standard, which may not perfectly
capture the cause. For instance, in a recent valida-
tion study, the agreement between cardiovascular
causes of death between NDI and an endpoints
committee was noted to be 77.6%.'® Inaccuracies in
NDI-reported cause of death may lead to inaccurate
estimates for performance characteristics of claims-
based approaches in determining cause-specific
mortality in our study. Second, we defined only 2
populations to inform ranges of performance char-
acteristics to be used as inputs for our simula-
tions. While inclusion of nearly 3 million deaths is a
strength of our study, it is possible that performance
of claims-based approaches for assessment of mor-
tality in other disease conditions may differ. Finally,
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we did not evaluate the accuracy of mortality cap-
ture through alternate linkable sources such as the
DMF, although we note that previous research has
noted the potential for inadequate capture of mortal-
ity through these sources.®

In conclusion, we observed that approaches that
only use hospitalization claims to identify mortality
and that rely on ICD coding before mortality to as-
certain cardiovascular cause of death have subop-
timal performance characteristics, which could lead
to substantial bias in treatment effect estimation. We
also noted near-complete capture of all-cause mor-
tality in Medicare claims, which may facilitate clinical
investigations focused on all-cause mortality.
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Table S1. Summary level data from trials used as inputs for Monte-Carlo simulations.

EMPAREG-OUTCOME trial PARADIGM trial
A Sacubitril- .
Empagliflozin Placebo Valsartan Enalapril
Sample size 4,687 2,333 4,187 4,212
Person-years follow up 13,866 6,783 9,491 9,407
All-cause deaths 269 194 711 835
CV deaths 172 137 558 693
Incidence rate/100 py all-cause 1.94 5 86 749 388
deaths
Incidence rate/100 py CV deaths 1.24 2.02 5.88 7.37




Table S2. Input parameter ranges used in the Monte Carlo simulations.

Outcome assessment appraoch

False positive

Sensitivity

Non differential

Differential misclassification

rate misclassification
Treatment Reference
1. All-place all-cause mortality:
Master Beneficiary Summary File 0 0.99207- i i
or hospitalization claims with 0.99997
discharge status of death
2. In-hospital all cause mortality:
Hospitalization claims with 0 0.2771-0.3371 0.30-0.35 0.25-0.30
discharge status of death
3. All-place cardiovascular 0.2878-0.3616 | 0.5201-0.5383 | 0.55-0.60 0.50-0.55
mortality:
4. In-hospital cardiovascular 0.1375-0.1901 | 0.2027-0.2234 | 0.20-0.25 0.15-0.20

mortality:
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