1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2017 April O1.

-, HHS Public Access
«

Published in final edited form as:
Pharmacoepidemiol Drug Saf. 2016 April ; 25(4): 467-471. doi:10.1002/pds.3921.

Validation of methods for assessing cardiovascular disease
using electronic health data in a cohort of Veterans with
diabetes

James S Floyd, MD, MS, Marc Blondon, MD, MS, Kathryn P Moore, PhD, Edward J Boyko,
MD, MPH, and Nicholas L Smith, PhD

Cardiovascular Health Research Unit (Floyd, Smith), Departments of Epidemiology (Smith) and
Medicine (Boyko, Floyd), University of Washington, Seattle, WA; Seattle Epidemiologic Research
and Information Center (Boyko, Moore, Smith) and General Medicine Service (Boyko), VA Puget
Sound Health Care System, Seattle, WA; Group Health Research Institute (Smith), Group Health
Cooperative, Seattle WA, Division of Angiology & Haemostasis, Geneva University Hospitals and
Faculty of Medicine, Geneva, Switzerland (Blondon)

Abstract

Background—©lectronic health data are routinely used to conduct studies of cardiovascular
disease in the setting of the Veterans Health Administration (VVA). Previous studies have estimated
the positive predictive value (PPV) of International Classification of Disease, Ninth Revision
(ICD-9) codes for acute myocardial infarction (M), but the sensitivity of these codes for all true
events and the accuracy of coding algorithms for prevalent disease status at baseline are largely
unknown.

Methods—We randomly sampled 180 Veterans from the VA Puget Sound Health Care System
who initiated diabetes treatment. The full electronic medical record was reviewed to identify
prevalent conditions at baseline and acute MI events during follow up. The accuracy of various
coding algorithms was assessed.

Results—Algorithms for previous acute events at baseline had high PPV (previous MI: 97%;
previous stroke: 81%) but low sensitivity (previous MI: 38%; previous stroke: 52%). Algorithms
for chronic conditions at baseline had high PPV (heart failure: 72%; coronary heart disease
[CHD]: 85%) and high sensitivity (heart failure: 90%, CHD: 84%). For current smoking status at
baseline, ICD-9 codes with pharmacy data had a PPV of 77% and sensitivity of 73%. The coding
algorithm for acute Ml events during follow up had high PPV (80%) and sensitivity (89%)

Conclusions—ICD-9 codes for acute Ml events during follow up had high PPV and sensitivity.
The sensitivity of ICD-9 codes for previous acute events at baseline was low, but a composite
variable for baseline CHD had good accuracy.

CORRESPONDING AUTHOR: James Floyd, MD, MS, University of Washington, 1730 Minor Ave, Suite 1360, Seattle, WA 98101,
Phone: 206-287-2777, Fax: 206-287-2662, jfloyd@uw.edu.

CONFLICTS OF INTEREST
The authors have no conflicts of interest to report.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Floyd et al. Page 2

Keywords
validation; electronic health data; diabetes mellitus; myocardial infarction; smoking

INTRODUCTION

The availability of healthcare databases has made possible the conduct of
pharmacoepidemiologic studies of cardiovascular disease in large populations at low cost.!
However, studies that rely on administrative data may fail to detect true associations when
events during follow up are missed.? Validation studies typically sample subjects with
diagnosis codes for outcomes of interest to estimate positive predictive values (PPVs),3-5 but
do not account for missed events. Missed events may be problematic in the setting of the
Veterans Health Administration (VA), where acute conditions such as myocardial infarction
(M) are often hospitalized at non-VA facilities and may not be captured fully in healthcare
databases. Thus, while diagnosis codes for acute MI events have high PPV,34 they may have
low sensitivity.

The presence of prevalent cardiovascular disease and cardiovascular risk factors, assessed to
address confounding, may also be misclassified. Information on prevalent health conditions
at baseline is typically collected during a time window of 12 months or less.6.7 This
approach may accurately capture chronic conditions that result in frequent healthcare
encounters, but may fail to identify previous acute events or lifestyle characteristics such as
smoking, which can be important predictors of future events. The misclassification of
prevalent cardiovascular disease at baseline has the potential to cause substantial bias in
estimates of drug associations,® the direction of which may be uncertain.2

To evaluate the accuracy of VA electronic health data for cardiovascular disease, we
randomly sampled subjects from an ongoing cohort study of Veterans with treated diabetes,
reviewed the full VA electronic medical record to identify prevalent conditions at baseline
and acute M1 events during follow up, and estimated the accuracy of various coding
algorithms during three time periods: a 12-month baseline window, a 24-month baseline
window, and during follow-up for MI events. Our hypothesis was that algorithms for acute
cardiovascular conditions (M, stroke) would have high PPV but low sensitivity, while
algorithms for chronic conditions (angina, CHF) would have both high PPV and high
sensitivity.

METHODS

Study population

The study population included 1,563 Veterans with type 2 diabetes who initiated insulin
therapy from January 1 2004 to December 31 2009 while receiving regular care from the VA
Puget Sound Health Care System, defined as having at least two primary care visits at a VA
facility and filling at least two prescriptions at a VA pharmacy in the 12 month baseline
period prior to the first insulin prescription. This study population is part of a larger national
cohort study of Veterans initiating therapy for type 2 diabetes.® 180 subjects were randomly
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selected for chart review, including an oversampling of subjects who had inpatient and
outpatient encounters with International Classification of Disease, Ninth Revision (ICD-9)
codes for acute Ml (410) and old MI (412) during follow up through December 31 2010. We
estimated that this sample size would allow us to determine the sensitivity of the ICD-9 code
for acute MI events with 95% confidence intervals (Cls) of + 10%, assuming a sensitivity of
approximately 50%. Information on health care encounters at VA and non-VA facilities and
information on filled prescriptions from VA pharmacies was obtained from databases housed
at the VA Austin Information Technology Center.

Coding algorithms and validation

Algorithms for prevalent conditions and smoking status used 1CD-9 codes from inpatient
and outpatient encounters during 12- and 24-month baseline periods (codes listed in
Appendix table 1). The algorithm for coronary heart disease (CHD) included ICD-9 codes
for previous MI, angina, and previous revascularization. Two algorithms for current smoking
status were evaluated: one that included only ICD-9 codes, and one that included either
ICD-9 codes or a filled prescription for nicotine replacement therapy or the smoking
cessation drug varenicline during the baseline period. Acute Ml events during follow up
were identified from hospitalizations with an ICD-9 code for acute Ml (410).

On a training set of 15 subjects, two physicians (JSF and MB) reviewed the full VA
electronic medical record and achieved consensus on the validation of prevalent conditions
at baseline and acute M1 events during follow up. For the remaining subjects, the full VA
electronic medical record was reviewed by one physician to validate prevalent conditions at
baseline and acute Ml events during follow up. The validation of prevalent conditions
required physician documentation of the condition. Adapting criteria from previous

studies, 1011 the validation of acute M1 events required (1) physician documentation of acute
M, (2) presence of ischemic symptoms, and (3) troponin levels greater than 2x the upper
limit of normal or an electrocardiogram with ST-segment elevation or new left bundle
branch block. Validation criteria for each algorithm are listed in Appendix table 1.

Statistical analysis

RESULTS

Analyses were conducted using Stata, version 11.0. For each coding algorithm, we estimated
the PPV, negative predictive value (NPV), sensitivity, and specificity, along with the 95%
Cls for each of these measures, by using the “svy” command, which accounts for the
stratified sampling.12 Incidence rates for acute MI events and 95% Cls were estimated using
Poisson regression. Secondary analyses evaluated acute MI algorithms that excluded
recurrent episodes of care (410.x2) and subjects with a previous Ml during the baseline
period. This study was approved by the VA Puget Sound Health Care System Institutional
Review Board.

Out of 180 subjects sampled, access to the VA electronic medical record was restricted for 8
subjects, leaving 172 available for chart abstraction; 97% were male, 88% were white, and
the mean age was 63 years (range 41-93).
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Prevalent cardiovascular disease

Using a 12-month window for baseline data, algorithms for previous acute cardiovascular
events had high PPV but low sensitivity (Table 1). For example, for previous Ml the PPV
was 97% (95% CI: 82—100%) but the sensitivity only 38% (95% CI: 19-60%). Of the 27
previous M1 events missed by ICD-9 codes, 25 (93%) occurred prior to the 12-month
baseline window, and the mean time before cohort entry for previous Ml events was 10
years.

In contrast, algorithms for chronic conditions generally had high PPV and high sensitivity.
For example, the PPV for CHF was 72% (95% ClI: 47-86%) and the sensitivity was 90%
(95% ClI: 57-98%). For current smoking status, the algorithm that used both ICD-9 codes
and pharmacy data had slightly higher PPV and sensitivity than the algorithm that used only
ICD-9 codes.

For all baseline conditions, increasing the time window from 12 to 24 months resulted in
modest gains in sensitivity but little impact on PPV (Table 1).

Acute Ml events

Out of 46 subjects with an ICD-9 code for acute MI during follow up, 37 had a validated Ml
event (36 were hospitalized at a VA facility) and 9 did not. Among the 9 who did not have a
validated MI event, 6 were hospitalized for other acute cardiac disorders (unstable angina,
atypical chest pain, and CHF) and 2 had elective revascularization procedures. Among the
126 subjects who did not have ICD-9 codes for acute Ml during follow up, 4 validated
events occurred, all of which were hospitalized at non-VA facilities. Among the 41 total
validated events, 34 (83%) were non-ST-segment elevation Mls, 7 (17%) were ST-segment
elevation Mls, and 40 (98%) had elevated troponin levels.

During a mean follow up of 3.8 years, the incidence rate for acute M1 events was 1.3% per
year (95% CI: 1.2-1.5%) using ICD-9 codes and 1.2% per year (95% CI: 1.0-1.4%) using
validated events. In primary analyses that included all acute MI codes, the PPV (80%; 95%
Cl, 66-90%) and the sensitivity (89%; 95% CI, 78-96%) were high (Table 2). Excluding
410.x2 codes and restricting to subjects with no previous Ml had little impact on PPV and
sensitivity.

DISCUSSION

In this validation study of electronic health data among regular users of the VA Puget Sound
Health Care System, ICD-9 codes for acute Ml during follow up had high PPV and missed
few events. The sensitivity of ICD-9 codes for previous acute events at baseline was low, but
chronic conditions such as CHF were identified with good accuracy. A composite variable
for prevalent CHD at baseline, which incorporated ICD-9 codes for both acute events and
chronic conditions, performed well.

The high PPV estimate for acute Ml in our study agrees with previous literature estimates
from another VA study (PPV 90%; 95% ClI, 84-93%), from a Mini-Sentinel validation study
(PPV 86%; 95% CI, 79-91%), and from the Women’s Health Initiative (WHI) (PPV 78%;
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95% CI, 75-80%).34:13 The WHI also conducted active surveillance for acute
cardiovascular events during follow up; the sensitivity of hospitalization diagnosis codes for
all validated acute M1 events was 80% (95% CI 77-83%), consistent with our results.13

The low sensitivity for previous acute events at baseline in our study appears to be explained
by the fact that most of these events occurred prior to the 12-month baseline window.
Increasing this time window to 24 months did not substantially improve the sensitivity. In
contrast, algorithms for chronic cardiovascular conditions had both high PPV and high
sensitivity, consistent with previous findings. For example, in a validation study of
outpatient-only VA data and prevalent health conditions, the sensitivity and specificity of
ICD-9 codes for CHD were 87% and 92% respectively.14 Our algorithm for current smoking
status at baseline had a higher sensitivity (73%) than what has been reported previously
(range: 32-56%).41415 This may reflect the restriction of our study population to Veterans
who received regular primary care from VA facilities, and thus were more likely to have
smoking status documented and coded from health care encounters.

There are often tradeoffs between different measures of accuracy for diagnostic algorithms
that use electronic health data, and researchers may prioritize them differently depending on
the goals of the study.? For example, sensitivity may be prioritized when the complete
identification of a condition is important, such as in a surveillance study of drug adverse
events that can later be confirmed with additional information.18 On the other hand, high
PPV may be prioritized when events must be identified efficiently but without the
opportunity for validation. These tradeoffs may be less important when diagnostic
algorithms capture nearly all events with good accuracy, as was the case in our study for
acute MI events during follow up.

Our study had limitations. Results from this study may not generalize to Veterans who do
not have diabetes, who do not receive regular care from the VA healthcare system, or who
live in geographic regions where acute Ml events are usually hospitalized at VA facilities.
The estimate for the sensitivity of the coding algorithm for acute MI events could be
influenced, in either direction, by random error in the sampling of subjects without acute Ml
codes who had genuine events during follow up. Strengths of this study include the detailed
reviews of the entire VA electronic medical record to identify events missed by ICD-9 codes
and the use of case definitions and quality control measures to improve the reliability of the
medical record reviews.

In conclusion, this study suggests that electronic health data can accurately identify new
acute MI events among regular users of the VA healthcare system. Prevalent cardiovascular
disease can also be identified with moderate accuracy, although previous acute events are
often missed using typical periods of baseline data collection. Studies that use these data
should acknowledge these limitations and the potential for misclassification and bias.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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KEY POINTS

e Previous validation studies of administrative data have found that ICD-9 codes
for acute cardiovascular events have high positive predictive value (PPV), but
the sensitivity of these codes for previous events and for new events during
follow up is largely unknown.

»  Among a cohort of Veterans with diabetes who received regular care from the
VA Puget Sound Health Care System, ICD-9 codes for previous acute M| and
previous acute stroke events had high PPV (97% and 81%) but low sensitivity
(38% and 52%)

» ICD-9 codes for coronary heart disease, congestive heart failure, and smoking
status at baseline had high PPV and sensitivity.

» ICD-9 codes for acute Ml events during follow up also had high PPV (80%) and
sensitivity (90%).

» VA electronic health data can be used to identify cardiovascular disease with
moderate to good accuracy, but the limitations of these data should be
acknowledged.

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2017 April 01.



Page 8

‘anfeA anndIpald aAnisod = Add ‘anfen aAndipaid aalefau = AdN ‘UodJejUI [eIpJedoAw
= |\ ‘[eAJ8]UI BOUBPIUOD = |D T 3|gel Jeuswa]ddng ul palsi| aJe BLIS1LID UOKRPI[eA pUe S3P0d 6-AdD| 214198dS "Ssuoipuod yijeay wuajeAsid Ainuapl 01 pasn alem s19)unodus Juaijedino pue jusijedul Woly sapod (6-ADI) UOISIASY YIUIN ‘aseasiq 40 uole:

Se|D [euoneulau|

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2017 April 01.

Floyd et al.

(%e6—vL) %S8  (%68-6S) %LL  (%L6-€8) %E6  (%¥8—¥S) %TL  (%96-08) %06  (%98—S) %eL  (%v6-8L) %88  (%606-LS) %LL Sy (esn uoneoIpaW + $3p03 6-@OI) Bupiows JuaLn)
(%z6-v2) %58  (%668-69) %.L.  (%S6-61) %68  (%E8-TS) %69  (%96-08) %06  (%8L-€v) %29  (%T6-€L) %¥8  (%88-2S) %L G (Auo sapod 6-@d1) Bujows yusLND
(%66-€6) %86 (%9.-L2) %eS  (%L6-G8) %E6  (%E6-Gv) %.L  (%00T-26) %86  (%69.-92) %S  (%.6-G8) %E6  (%S6-Gh) %18 9 30135 SNOIA3Id
(%86-88) %6  (%86-LS) %06 (%00T-T6) %86  (%98-9v) %69  (%86—88) %56  (%86-LS) %06  (%600T-T6) %66  (%698—L¥) %cL 143 ain|re} Leay aAnsabuod
(%56-82) %68  (%96-LL) %06  (%.6-28) %E6  (%E6-TL) %G8  (%96-8L) %06  (%26-69) %¥8  (%S6-8L) %68  (%E6-0L) %S8 88 aseasip Jeay Areuolod
(%00T-26) %66 (%06-97) %v.  (%66-€6) %.L6  (%86-tY) %58  (%00T-T6) %66  (%T18-67) %.S  (%86-06) %96  (%686-9€) %ES 9 eulbuy
(%007-86) %00T  (%99-G2) %y  (%E6—08) %88  (%00T-G8) %86  (%00T-86) %00T  (%09-6T) %8E  (%e6-6L) %.8  (%00T—28) %.6 oy 1N sholnald
(12 %56) (10 %56) (10 %56) (10 %56) (10 %56) (10 %56) (10 %56) (10 %S6) SJUBNS uonipuod

Anoyoads AnAnIsuss AdN Add Auoyioads Annsuss AdN Add payepifen

S8P09 6-AD| 404 MOPUIM YIUOW-7g S9P09 6-dD| 40} MOPUIM YlUOW-ZT
"SUOIIPUOD Yjeay Jusfenald 10} s9p0d 6-ADI JO ANpITeA
T algeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 9

Floyd et al.

“anjeA aAdIpaid aAnisod = Add ‘anjen aanaipaid aanebau = AdN ‘[eAI8IUI 80USPIIUOD = |D 'T 9]qel [eiuswajddns ul paisi] ale uolldiejul [RIPJed0AW d1NJe 10} BLIS)ILIO UOIRPIBA

(%001-86) %66 (%96-18) %16 (%007-86) %66  (%668-99) %08 or autjaseq Je | snotraid yum sjoafgns apnjox3
(%6001-86) %66 (%¥6-5L) %.8 (%001-86) %66  (%68-99) %08 147 $9P02 ZX'0T 8pN|IX3
(%6001-86) %66 (%96-82) %06 (%001-86) %66  (%06-99) %08 147 $9P02 XX'OTY [IV
(10 %G6) Anouioads (10 %G6) AuAIISUSS (1D %G6) AdN (1D %56) Add  SIUdAS pajepl|en wyobe fuipod

"dn mojj0) Bulinp S1uaAd UONdJRLUI [RIPJRIOALL 31NJR 10J SBP0I 6-AD| JO AlIpIEA

¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2017 April 01.



