Meorimate, Gandhi, Seger, et ol

are especially important. These include direct interviews in
the office or patient’s home, mail surveys, telephone surveys,
and web based surveys. We conducted a telephone survey
in outpatents to collect the incidents which patients
experienced. Patients were sent a letter describing the
study and requesting their participation in a telephone
survey. Within 10-14 days after an index visit, research
assistants asked patients who agreed to participate about
specific symptoms (table 5). If symptoms were present,
structured questions followed about the timing and action
taken. A similar telephone interview was conducted again
3months later. All possible incidents collected by self-
reports or surveys were sent to and screened by research
pharmacists or assistants. Those unlikely to be associated
with drugs were excluded and the rest were sent to the
physician reviewers.
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Comparisan of methods

The above mentioned four methods {chart reviews, corputer
based triggers, self-reports, and patient surveys) are com-
plementary. In the inpatient setting, computer based triggers
detected 45% of alt ADEs, chart reviews detected 65%, and
self-reports 4%." The overlap of chart reviewing and
computer based triggers was 12% while that of chart
reviewing, computer based triggers, and self-xeporis was
only 1%. On the other hand, patient surveys identified 92% of
ADE;s in the outpatient setting and chart reviewing identified
28%; the overlap was only 19%.* Thus, the proportion of
overlap is typically minor and combinations of these methods
can be useful in research to determine the true underlying
rate of these events,

Methods for classifying incidents
In classifying incidents the reviewers consider the timing of
findings {symptoms, abnormal laboratories, diagnoses),
whether the physiclan In charge or the patient atiributed
the findings to the drug, and the strength of published data
based on the relationship between the findings and the drug.
Once possible incidents are deemed actual incidents, they
are classified according to the following categories: if a
medication error is present, if a potential ADE is present, or if
an ADE without an error is present. In addition, severity,
preventability, ameliorability, the levet of disability, the stage
in the medication use process at which the error occurred,
and the category of healthcare personnel responsible for the
exror <an be classified (figs 2 and 3). The reviewers assess
preventability or ameliorability on the basts of the physician’s
presumed knowledge at the time the drug was prescribed. If
insufficient information is available the reviewers assume
that the. physician’s decision was cotrect; When the incident
is preventable or ameliorable, the reviewers specify the type
of error and how it might be prevented. What is preventable
may change over time because many ADEs judged non-
preventable or non-amcliorable in the past might become
preventable or ameliorable with new approaches such as
genetic testing. We consider some laboratory abnormalities
to be ADEs even if there are no symptomatic problems-—for
example, extremne hyperkalemia without arthythmia or
markedly raised INR without apparent bleeding (table 8). If
an error is associated with the abnormal laboratory result—
for example, failure to check a creatinine level within a
12 month period while the patient is receiving a medication

known to increase creatinine levels—the incident would be
considered a medication error.

Each ADE and potential ADE is classified as fatal, life
threatening, serious, or significant {table 9}. ¥ a medication
ertor is present, the stage of the process where the error
occurred and the person responsible for the error considered
are: ordering (physician, nurse practitioner, or physician
assistant); transcribing {a secretary or nurse}; dispens-
ing (pharmacist); administration {nurse, pharmacist, or
patients); and monitoring (physicians or patients).
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as indicating an actual incident.*

The rating method developed by Naranjo et a'* is another
reliable way to estimate the confidence about the classifica-
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canclusive report on the reaction, (2} ADE appeared after the
suspected drug was administered, (3) adverse . reaction
improved when the drug was discontinued or a specific
antagonist was administered, (4) adverse reaction reappeared
when the drug was readministered, (5) alternative causes
other than the drug could cause the reaction, (6) reaction
appeared when a placebo was given, (7) the drug was
detected in the blood or other fluids in concentration known
to be toxic, (8) severity of reaction changed when the dose
was changed, (9) patient had a similar reaction to the same
or similar drugs in any previous exposure, and (10} ADE was
confirmed by any objective evidence. Each possible inddemt
with the summed score is categorized as a definite, probable,
possible, or doubtful case.’

Training reviewers and assessment of reliability
Research nurses, pharmacists, and research assistants usually
take part in the case identification step and physician
reviewers in (he case classification step. The standard
training of reviewers is therefore crucial for reliability of the
methods. We have developed training manuals with defini-
tions of incidents, description of the case identification
process, case examples, and practice exercises with regard to
ADEs and other drug related incidents. Reviewers are trained
in advance using the manual and are also trained by pilot
reviewing using the actual practice data. The results of the
exercise and pilot reviewing are evaluated in terms of
accuracy and inter-reviewer variability and the reviewers
receive feedback. This process has been well received and
understood by reviewers in training and has produced
consistent results.

Inter-rater reliability for reviewer judgments is calculated
using percentage of agreement and the kappa (k) statistic.”
The percentage of agreement is calculated by dividing the
number of agreed cases by the total cases. « is calculated
from (Po — Pc}/{1 ~ Pc) where Po = proportion of observed
agreement and Pc = proporton of agreement expected by
chance and ranges from —1 {(comglete disagresment) to +1
(perfect agreement). Differences between the two reviewers’
judgments about the decisions and classification are usually
resolved by discussion. If consensus cannot be reached, a
third reviewer evaluates the incident,

DISCUSSION

Our approach used in previous and ongoing studies on ADEs
involves three steps: case identification, classification of
incidents, and assessment of reliability. Other identification
approaches can be used depending upon the target popula-
tion, the area of the medication use process being evaluated,
and the data available. For example, for detecting a small
proportion of ADEs inexpensively using administrative data,
the patient safety indicators developed by the AHRQ
represent one option.'? For detecting medication administra-
tion errors Barker ¢f al® have shown that direct observation
can detect large numbers of errors and is highly reliable in
the inpatient and long term care settings. This approach can
also be used for detecting dispensing errors.

Reliability of classification is the crucfal factor for the
science of research collecting informarion about “soft” out-
comes such as ADEs and errors. Many have raised concemns
about the reliability of the process. In the process of iden-
tifying adverse clinical cutcomes Sanazare and Mills® sug-
gested several concerns about screening methods in medical
quality assessment including (1) screening could have a high
error rate and high false positive rate up to 95%, even by
specially trained personnel; {2} physicians substantially vary
In conducting peer reviewing; and (3) peer review is more
likely to ascribe adverse outcomes to medical care if the
outcomes are serious. These criticisms are an important issue
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in research in healthcare quality and should be considered
carcfully. A common way to address such criticism is
assessment of inter-rater agreement using kappa statistics.
The x value indicates the extent to which the observational
probability of agreement is in excess of the probability of
agreement hypothetically expected under the baseline con-
straints. A x score of 0.4-0.6 has been considered as moderate
agreement, 0.6-0.8 as substantial, and 0.8-1.0 as almost
perfect.” In our studies in inpatients the x score for the
presence of ADEs was 0.98, exclusion was 0,81, preventability
was 0.92, fatal or life threatening v serious or significant was
0.37, and significant v fatal or life threatening or serious was
0.32.7 Gandhi et al* obtained « scores for exclusion of 0.89,
severity 0.72, and preventability 0.70 in an outpatient setting.
These figures suggest that the approach we have used is
generally reliable,

We have reported the incidence of ADEs, potential ADEs,
and medication errors in a variety of clinical settings,™* * For
example, the incidence of ADEs was 6.5 per 160 adult
admissions® and 2.3 per 100 pediatric admissions.? In nursing
homes ADEs were found at a rate of 1.89 per 100 resident-
months,™ while the incidence of ADEs among outpatients
was 27.4 per 100 adult patlents.* The incidence of potential
ADEs was alsc reported to be 5.5 per 100 adult admissfons,’
10 per 100 pediatric admissions,* and 0.65 per 106 nursing
home resident-months.® ADEs and potentisl ADEs are
common in any setting but vary substantially in incidence,
and the causes of errors and ADEs vary greatly by setting.
Adult inpatients tend to receive a larger number of drugs
than pediatric inpatients or nursing home residents. In
addition, outpatients are more likely 1o be exposed to drugs
for a longer interval than inpatients, and administration is
obviously under patient control.

The differences in the methods used varied primarily
because different approaches work better in specific settings
and for specific purposes. Generally, prescription review is
better for identifying medication errors while patient Surveys
are better for identifying outpatient ADEs. Chart review can
identify both medication errors and ADEs. In inpatients or
nursing homes incidents were found by reviewing records
and self-reports from health professionals because no other
approach was practical, although surrogate or family inter-
views would be of interest,

These research methodologies can be used to identify and
prioritize strategies for preventing medication errors and
preventing or ameliorating ADEs in daily practice. One
approach that has become particularly attracrive is compu-
terized prescribing. CPOB associated with decision support
has been shown to reduce medication error rates by up to
81%." * The triggers and text screening based on computer-
ized systems can be a foundation for the development of an
ADE montior.” The possible incidents detected through such
triggers are then evaluated by a drug safety pharmacist for
actual or potential ADEs on a daily basis. The drug safety
pharmacist can make clinical recommendations to physicians
or pharmacists working in cenjunction with physicians.
Silverman ef al* reported that 78% of such recommendations
based on real time ADE monitoring were accepted and
resulted in changes in medication orders. Schiff and
colleagues™ have also suggested a framework for multiple
ways to link laboratory and pharmacy data. Such linkages
can be divided into drug selection (Jaboratory based indica-
tions or contraindications), drug dosing (renal or hepatic,
blood level guided adjustment), laboratory monitoring
{laboratory signals of toxicity, baseline, and ongoing mon-
itoring), laboratory result interpretation (drug interfering
with test), and other quality improvement (surveillance for
unrecognized toxicity, monitoring clinician response delays),
Because information technology progresses quickly, it would
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be straightforward to use new devices as tools for patient
safety.™

Although we have used state of the art methods for
identifying ADEs, potential ADEs, and medication errors in
non-experimental settings with available resources at this
tirne, the methodology described here has severa) limitations
and should be further refined. We believe the future
improvernent of patient safety research will focus on the
computerized approach. Jha ef al" reported that computerized
monitoring could detect 45% of ADEs and 42% of potential
ADEs in an inpatient setting. However, the efficacy of
computerized monitoring was not satisfactory and its positive
predictive value was only 17%. Thus, the remaining 83% of
alerts were not associated with ADEs, potential ADEs, or
medication errors and might result in unnecessary physician
actions or resource utdlization. Continuous refinement of
computerized monitoring rules based on research findings is
necessary.

In conclusion, a multidimensional case identification
process followed by physician review provides the current
best estimates of rates of ADFEs, potential ADEs, and
medication errors, although this approach is expensive and
using all the approaches is probably only practical in the
research setting. Each incident can be assessed for prevent-
ability, ameliorability, disability, severity, staging, and
responsible persens. The classification scheme has acceprable
reliability and feasibility. The use of computerized ADE
sareening and monitoring systems as well as CPOE and EMR
systems will undoubtedly improve the efficacy of ADE
identification in addition to real time patient safety, but
there is still substantial room for improvement of these
applications.
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Application of U.S. Guidelines in Other Countries:
Aspirin for the Primary Prevention of
- Cardiovascular Events in Japan

Takeshi Morimoto, MD, MPH, Tsuguya Fukui, MD, MPH, Thomas H. Lee, MD, MSc,
Kunihiko Matsui, MD, MPH

PURPOSE: Clinical guidelines developed in the United States
are used frequently in other countries without assessment of
their appropriateness in non-U.S. populations. We explored the
relevance of recent U.S. guidelines for the use of aspirin for the
primary prevention of cardiovascular events in the Japanese
population.

METHODS: From a systematic search of published data, esti-
mates were derived for rates of coronary heart disease, hemor-
thagic stroke, and major gastrointestina! bleeding for the Japa-
nese population and for subgroups with different risk factors.
Odds ratios derived from meta-analyses were used to assess the
potential benefits and risks of aspirin use.

RESULTS: The estimated incidence of coronary heart disease
in middle-aged men in Japan is lower than in the United States
(1.57 vs, 6.0 per 1000 person-years), while that of hemorrhagic
stroke is higher (1.14 vs, 0.37 per 1000 person-years). Because of

higher baseline rates of hemorrhagic diseases, the expected re-
duction in cardiovascular events with aspirin use would be off-
set by a greater increase in hemorrhagic complications for
women and most men in Japan, except for those with both
hypertension and diabetes. To achieve the same 2:1 ratio of
coronary heart disease events avoided to hemorrhagic events
caused that is implied by the 3% threshold for 5-year coronary
disease risk in U.S. guidelines, a 6% to 14% risk threshold, de-
pending on patient age, seems appropriate for recommending
aspirin in Japanese patients,

CONCLUSION: The thresholds of antiplatelet therapy for Asian
populations should be two to five times higher than those for the
U.S. population because of higher risks of hemorthagic complica-
tions. The assumptions and implications of U.S. guidelines should
be evaluated before use in other countries. Am J Med, 2004;117:
459—-468. ©2004 by Elsevier Inc.

are usually based on research conducted in the

United States and Europe, but they influence clin-
ica] care throughout the world. However, researchers in
many other countries lack the resources to replicate the
clinical trials upon which guidelines have been based, or
the funding to assess the appropriateness of guidelines for
their respective populations.

The U.S. Preventive Service Task Force’s guidelines for
the use of aspirin to prevent cardiovascular events among
patients without a history of cardiovascular disease (2,3)
recommend that aspirin be considered in patients with a
3% or more 5-year risk of coronary heart disease. They
also suggest that aspirin in this group of patients would
prevent at least twice as many as cardiovascular events as
the number of hemorrhagic complications caused. In

Evidencc-based guidelines in the United States (1)
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contrast, the Joint Research Committee for Cardiac Dis-
ease in Japan advises physicians to “consider the use of
aspirin for those with risk factors” without stating any
specific risk threshold (4). Further, cardiovascular disease
is the most common health problem in the United States
(5), whereas the incidence of coronary heart disease in
Japan is lower than in the United States (6), and that of
cerebrovascular diseases, especially hemorrhagic stroke,
is higher (7).

Although the incidence of coronary heart disease has
been increasing and that of stroke has been decreasing in
Japan in recent years (8), the potential consequences of
implementing U.S. guidelines in Japan and other Asian
countries are still likely to differ (9,10), We therefore an-
alyzed the predicted effects of aspirin for primary preven-
tion to establish a threshold for aspirin use in Japan.

METHODS

We estimated the risks and benefits of aspirin use from data
on the rates of coronary heart disease, hemorrhagic stroke,
and major gastrointestinal bleeding in the Japanese popula-
tion. There have been no Japanese trials assessing the effec-
tiveness of aspirin for primary prevention. The sole trial (11)
on aspirin use for secondary prevention did not report any
hemorrhagic strokes in the treatment and control groups,
and the sample was too small to provide estimates of the
effects of various strategies, particularly when compared

0002-3343/04/$—see front matter 459
doi:10.1016/j.amjmed, 2004.04.017
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with the data used to develop the U.S. Preventive Service
Task Force guidelines (3,12). Because the incidence of sub-
arachnoid hemorrhage is much higher in Japan than in the
United States (13), and the U.S. guidelines included sub-
arachnoid hemorrhage in hemorrhagic stroke (14~18), we
analyzed data for intracranial hemorrhage and subarach-
noid hemorrhage separately and combined them to esti-
mate the incidence of hemorrhagic stroke. We assumed as-
pirin use had no effect on the risk of ischemic stroke, as per
the conclusions of the U.S. guidelines (3,12). We used odds
ratios for the risks and benefits of aspirin derived from meta-
analyses to estimate the effects of aspirin use in the Japanese
population, assuming that aspirin has similar pharmaco-
logic effects as in published investigations.

Baseline Risks

A systematic search was conducted of articles written in
English and japanese on the incidence of coronary heart
disease, intracranial hemorrhage, subarachnoid hemor-
rhage, and gastrointestinal bleeding among Japanese. The
MEDLINE database (January 1990 to December 2002)
was searched and a manual search was performed. To
qualify as relevant, the article had to be a prospective
cohort study with a fixed population at risk and to report
the number of events or deaths and person-years of the
base population. Two investigators (TM and KM) inde-
pendently conducted the literature search and assessed
the relevance of each article, Disagreement was resolved
by discussion,

The literature search for data on population-based
risks yielded four articles each for coronary heart disease
(19-22), intracranial hemotrhage (20-23), and sub-
arachnoid hemorrhage (20-23). Agreement between the
investigators on the relevance of the articles was 100%.
After review of the studies, we decided to base assump-
tions about mortality on a prospective cohort study of
73,424 Japanese with 580,378 person-years of follow-up
(22). This study provided mortality data for coronary
heart disease, intracranial hemorrhage, and subarach-
noid hemorrhage with subgroup data for age, sex, hyper-
tension, and diabetes status (Table 1). Because this study
provided only mortality data, we estimated incidences of
combined fatal and nonfatal events using mortality rates
combined with case-fatality rates from a study by Kimura
et al (24). For example, if the data indicated that 100
deaths from acute myocardial infarction were expected
for a given population over a 5-year period, the total
number of combined fatal and nonfatal acute myocardial
infarctions would be estimated by dividing the number of
deaths (n = 100) by a published mortality rate (e.g.,
13%). By dividing the estimated number of fatal and non-
fatal cases by the person-years of the population at risk,
we estimated the incidence of coronary heart disease, in-
tracranial hemorrhage, and subarachnoid hemorrhage
for 16 subgroups: men/women, hypertensive men/

wormen, diabetic men/women, and hypertensive and di-
abetic men/women in the 40- to 64-year and 65- to 79-
year age groups.

The incidences of coronary heart disease and hemor-
rhagic stroke in the United States were derived from the
Framingham Study (25,26). Because the risk score for
stroke could not be used to predict the incidence of hem-
orrhagic stroke (25), the incidence ratio for ischemic
stroke and hemorrhagic stroke was used to estimate the
rate of hemorrhagic stroke (27). The predicted 5-year
rates for coronary heart disease and hemorrhagic stroke
per 1000 patients was estimated in subsets of the Japanese
and U.S. populations (Figure). We considered base case
patients in the two age strata (40-64 years and 65-79
years) to be patients aged 50 or 70 years without a history
of dyslipidemia or smoking. For example, a 50-year-old
U.S, male patient without hypertension or diabetes
would have a 3% risk of coronary heart disease and a
0.2% risk of hemorrhagic stroke in the next 5 years,
whereas the Japanese counterpart would have risks of
0.8% for coronary heart disease and 0.6% for hemor-
rhagic stroke. :

There were no data on the inddence of mortality due to
major gastrointestinal bleeding with or without use of aspi-
rin among Japanese. Therefore, we used data from a Japa-
nese study of aspirin for secondary prevention (11). In this
study, there was 1 case of major gastrointestinal bleeding
among 250 patients Wwho were taking aspirin and no cases of
gastrointestinal bleeding among the 230 patients who were
not on antiplatelet therapy. We therefore used the same
odds ratio (1.7) for bleeding associated with aspirin use as in
the U.S. guidelines (28). Consequently, the incidence of ma-
jor gastrointestinal bleeding among Japanese patients was
estimated to be 1.8 compared with 0.86 per 1000 person-
years in U.S. patients (3).

Effects of Aspirin _

The odds ratios for the effects of aspirin use on coronary
heart disease, hemorrhagic stroke, and major gastrointes-
tinal bleeding that were used in the U.S. guidelines were
applied to the Japanese population (3,28). These odds
ratios were 0.72 (95% confidence interval [CI]: 0.60 to
0.87) for coronary heart disease, 1.4 (95% CI: 0.9 to 2.0)
for hemorrhagic stroke, and 1.7 (95% CI: 1.4 to 2.1} for
major gastrointestinal bleeding (3). We calculated the net
benefit of aspirin therapy by subtracting the predicted
increases in cases of hemorrhagic stroke and major gas-
trointestinal bleeding from the expected avoided cases of
coronary heart disease for 1000 Japanese patients over a
5-year period, as was done in the U.S, guidelines (3). We
also estimated the net benefit of aspirin therapy in terms
of fatal cases because the consequence of cardiovascular
events and major gastrointestinal events were not equal.
In addition, we conducted sensitivity analyses to assess
the effects of varying our estimates of the benefits and
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Figure. Estimated incidences of coronary heart disease (A and B) and hemorrhagic stroke (Cand D) in Japan and the United States,
by sex, age group, and risk factor.
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risks by up to 100% on net benefit, Finally, we calculated
a threshold 5-year risk of coronary heart disease for a
hypothetical cohort of 1000 Japanese patients that would
be expected to yield the same 2:1 ratio of coronary heart
disease events avoided to hemorrhagic events caused as
was used in the U.S. guidelines to identify the recom-
mended 3% threshold (3).

Analyses were performed using DATA (TreeAge Soft-
ware, Williamstown, Massachusetts) and Excel (Mi-
crosoft Corporation, Redmond, Washington).

RESULTS

In analyses of the effects of aspirin use on the rates of
coronary heart disease, hemorrhagic stroke, and major
gastrointestinal bleeding, the expected harm from aspirin
exceeded the benefits for most of the Japanese population
(Table 2). In contrast to the U.S. guidelines, our analyses
showed that Japanese men aged 40 to 64 years have a
5-year coronary heart disease risk of only 0.8% and would
be harmed by, rather than benefit from, aspirin use. Only
japanese men with both hypertension and diabetes
would benefit from aspirin as a primary preventive mea-
sure. When considering fatal cases only, the expected
harm from aspirin use was attenuated, and the benefits
and harmful effects appeared similar.

In sensitivity analyses, in which the estimated risk of
coronary heart disease increased by up to 100% while the
risk of hemorrhagic stroke decreased by up to 100%, the
harmful effects of aspirin use continued to exceed the
benefits for all women and for middle-aged men. Aspirin
was beneficial only in elderly men (age =65 years) when
the estimated incidence of hemorrhagic stroke was de-
creased by 80% or that of hemorrhagic stroke was de-
creased by 509, with a simultaneous 50% increase in cor-
onary heart disease incidence.

To identify a risk threshold that would be associated
with a 2:1 ratio of events prevented to complications
caused, the 5-year risk of coronary heart disease would
have to be at least 6% for middle-aged (age 40-64
years) normotensive patients, 7% for hypertensive pa-
tients (Table 3), and 14% for those =65 years old. Asa
result, the Japanese population for whom aspirin
would be appropriate would be middle-aged or elderly
men with both hypertension and diabetes, or women
with hypertension, diabetes, and other additional risk
factors.

DISCUSSION

U.S. guidelines for the use of aspirin have been developed
without specifications for use in other countries. In this
analysis, we demonstrate that such guidelines, at least for

antiplatelet therapy, should not be used in other countries
without careful consideration of the implications, When we
applied U.S. guidelines to most subsets of Japanese patients,
the expected increase in hemorrhagic events exceeded the
number of coronary heart disease events avoided, suggest-
ing that the threshold for 5-year coronary heart disease risk
that is used to determine candidates for aspirin prophylaxis
should be higher in Japan.

The validity of our analysis depends on the accuracy of
our estimates of the risks of coronary heart disease and
hemorrhagic events among Japanese. These estimates are
consistent with prior reports demonstrating that mortal-
ity from coronary heart disease for Japanese men is about
one quarter that for men in the United States (9). One
prospective cohort study in Japan showed that the age-
categorized incidence of hemorrhagic stroke for men was
0.5 to 2.2 per 1000 person-years and that for women was
0.33 to 6.3 per 1000 person-years (23). These and othet
risk estimates in our analysis are comparable,

One major reason why the U.S, Preventive Service Task
Force guidelines may be inappropriate in Japan is that
mortality from coronary heart disease is 4.3 times higher
ina standardized U.S. population (6). Similarly, the base-
line risk of coronary heart disease in the five studies used
in the U.S. guidelines was 2.3 to 7.9 times higher than our
estimates.

The higher incidence of hemorrhagic stroke in Japan
also strongly influenced the net benefit of aspirin and the
thresholds for considering primary prevention with aspi-
rin. In addition to the approximately twofold greater in-
cidence of stroke in Japan as compared with the United
States (7), the proportion of hemorrhagic stroke among
Asians is also much higher (29).

Our risk factor analysis is also consistent with other data.
For example, the Seven Countries Study showed that Japa-
nese hypertensive men are at 3.4 times greater risk of coro-
nary heart disease than are Japanese men with normalblood
pressure (6). Furthermore, Japanese hypertensive elderly
men and women have a three times greater risk of coronary
heart disease than normotensive counterparts (30). These
results are comparable with our estimated hazard risk ratio
of 2.7. In terms of hemorrhagic stroke, the Honolulu Heart
Program reported hazard risk ratios of 3.1 for hypertensive
men and 1.4 for diabetic men (27), whereas our estimates
were 1.6 for hypertensive men and 1.9 for diabetic men. The
higher estimated incidence of major gastrointestinal bleed-
ing is consistent with the higher prevalence of Helicobacter
pylori infection in Japan (31), and the finding that upper
gastrointestinal bleeding in patients taking aspirin is associ-
ated with H. pylori infection {32).

Our recommendations are consistent with, but would
refine, Japanese guidelines for primary prevention of cot-
onary heart disease (4). The guidelines recommend aspi-
rin for primaty prevention in patients with risk factors for
coronary heart disease without specifying any risk thresh-
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Table3, Estimated Benefits and Harmful Effects of Aspirin Therapy for Japanese Middle-Aged Patients at Different Levels of Risk for

Coronary Heart Disease Events

Estimated 5-Year Risk of Coronary Heart Disease Events at
Baseline Number Per 1000 Patients*
(95% Confidence Interval)

3% 6% 9%
Normotensive patients
Effect on all-cause mortality No change No change No change
Coronary heart disease events avoided 8(4to12) 16 (7 to 24) 25 (11 to 36)
Ischemic strokes avoided 0 0 0
Hemorrhagic strokes precipitated 2{0to5) 2{0to5) 2(0to3)
Major gastrointestinal bleeding events precipitated 6 (410 8) 6(4108) 6(4to0 8)
3% 7% 10%
Hypertensive patients
Effect on all-cause mortality No change No change No change
Coronary heart disease events avoided 8(4t012) 19 {9 to 28) 28 (13 to 40)
Ischemic strokes avoided 0 0 0
Hemorrhagic strokes precipitated 3{(0to8) 3(0to8) 3(0to8)
Major gastrointestinal bleeding events precipitated 6(4t08) 6 (4to 8) 6(4108)

* Estimated based on 1000 middle-aged (age 4064 years) patients receiving aspirin for 5 years and a relative risk reduction of 28% for coronary heart

disease events in those who received aspirin.

olds. Furthermore, patients with diabetes are considered
strong candidates for aspirin except for those with con-
traindications.

In contrast, U.S. guidelines recommend a 5-year coro-
nary heart disease risk of 3% as the threshold for consid-
ering the use of aspirin, while also stating that patient
preferences should be considered (2). Similarly, Laver
suggested that recommendations for patients with a
5-year risk of between 3% and 7.5% should take into
account patient preferences and comorbid conditions
(33). Because our analysis did not take into account other
risk factors such as smoking or dyslipidemia, our esti-
mates may need to be adjusted to reflect these risk factors
and patients’ preferences.

Our analysis raises concerns about the application of U.S,
guidelines to other populations, particularly guidelines in-
volving the use of antiplatelet agents or anticoagulation,
such as those that recommend anticoagulation in patients
with atrial fibrillation (34). Qur results should also be inter-
preted with several limitations in mind. First, we had to es-
timate the baseline risks of coronary heart disease, hemor-
thagicstroke, and major gastrointestinal bleeding owing to a
lack of directly measured data, and we often had to combine
estimates to derive incidence rates. However, 2s did the U.S.
Preventive Setvice Task Force, we fixed the precipitated
hemorrhagic stroke cases and did not vary this risk with
increasing coronary heart disease risk, Second, there were no
direct data on the effect of daily aspirin use on the risk of
subarachnoid hemorrhage among Japanese, and actual ef-
fects are likely to differ by race/ethnicity. The proportion of
subarachnoid hemorrhage in all strokes in Japan is 32%
compared with 9% in the United States (22,35); avail-

able data show an increased risk of subarachnoid hem-
orrhage only for women who took a much higher dose
of aspirin than that used for coronary disease preven-
tion (36). As a result, the association between aspirin
use and the risk of hemorrhagic stroke might be over-
estimated. Third, we assumed that aspirin has the same
effects on the risks of coronary heart disease and hem-
orrhagic complications among patients in the United
States and Japan. The commonly used dose of aspirin
in Japan is 81 to 100 mg/d, compared with 75 to 325
mg/d in the United States. Fourth, the high incidence
of ischemic stroke among Japanese did not affect our
main results (22); a meta-analysis showed that aspirin
had no effect on the risk of ischemic stroke (12). Since
aspirin therapy has been shown to be effective for sec-
ondary prevention of ischemic stroke in the United
States (37), our results could change if aspirin were
shown to be effective for primary prevention of isch-
emic stroke among Japanese. Fifth, we had to estimate
the incidence of major gastrointestinal bleeding based
on only 1 case in 250 patients from a single study (11).
Finally, we constructed the coronary heart disease risk
threshold based on the incidence of fatal and nonfatal
cases, Although the U.S. guidelines utilized this method,
the consequences of coronary heart disease, hemorrhagic
stroke, and major gastrointestinal bleeding are not equiv-
alent, and, as noted in the U.S, guidelines, patient prefer-
ences and attitudes toward the various outcomes might
influence the threshold at which a patient desired to use
aspirin.

We recognize that, due to the lack of primary data, our
assessment of the risks of application of U.S. guidelines

466 October 1,2004 THE AMERICAN JOURNAL OF MEDICINE® Volume 117

-198-



Aspirin Use for Cardiovascular Events in Japan/Morimoto et al

for the use of aspirin in Japanese and other Asian Popu-
lations must be considered speculative, However, in the
absence of such data, the assumption that these guide-
lines are safe and appropriate must be considered specu-
lative as well. We conclude that our analyses support the
need for caution when implementing foreign guidelines.
In addition, our limitations point to the lack of well-de-
signed randoniized trials among Asians for important
clinical issues, as well as the paucity of fundamental epi-
demiologic data in Japan.
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Cost-effectiveness of Screening for Coronary Artery Disease
in Asymptomatic Patients with Type 2 Diabetes and Additional

Atherogenic Risk Factors

Yasuaki Hayashino, MD, MPH, Sizuko Nagata-Kobayashi, MD, Takeshi Morimoto, MD, MPH,
Kenji Maeda, MD,. Takuro Shimbo, MD, Tsuguya Fukul, MD, MPH

OBJECTIVE: Screening for coronary artery disease (CAD) in
asymptomatic diabetic patients with two additional athero-
genic risk factors has been recommended by the American
College of Cardiology/American Diabetes Association, but its
cost-effectiveness is yet to be detenmined, The present study
aims to evaluate the cost-effectiveness of screening and deter-
mine acceptable strategies.

DESIGN: Cost-effectiveness analysis using a Markov model was
performed from a societal perspective to measure the clinical
benefit and economic consequences of CAD screening in
asymptomatic men with diabetes and two additional athero-
genic risk factors. We evaluated cohorts of patients stratified
by different age groups, and 10 possible combination pairs of
atherogenio risks. Incrementat cost-effectiveness of no screen-

- ing, exercise clectrocardiography, exercise echocardiography,
or exercise single-photon emigsion-tomography (SPECT) was
calculated. Input data were obtained from the published lites-
ature. Outcomes were expressed as U.8. dollars per quality-
adjusted Hfe-year (QALY).

MEASUREMENTS AND MAIN RESULTS: Compared with no
screening, incremental cost-effectiveness ratio of exercise electro-
cardiography was $41,600/QALY In 60-year-old asymptomatic
diabetic men with hypertension and smoking, but was weakly

dominated by exercise echocardiography. Exercise echocar- -

diography was most cost-effective, with an incremental cost-
effectiveness ratio of £40,800/QALY. Exercise SPECT was
dominated by other strategies. Sensitivity anatyses found that
results varied depending on age, combination of additional
atherogenic risk factors, and diagnostic test performance.,

CONCLUSIONS: Incremental cost-effectiveness ratio of CAD
screening in asymptomatic patients with diabetes and two or
more additional atherogenic risk factors is shown to be accept-
able from a socletal perspective. Exercise echocardiography
was the most cost-effective sirategy, followed by exercise
electrocardiography.

EEY WORDS: silent myocardial ischemia; {achemic heart dis-
ease; cost-effectiveness analysis; screening strategy: diabetes
mellitus.
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C oronary artery disease (CAD) is the major cause of
morbidity and mortality in patfents with diabetes,'?
More than half of all diabetic patients die from problems
associated with coronary arteries.®* In diabetic patients,
CAD 1s usually diagnosed at an advanced stage, with a cor-
respondingly dismal prognosis.>® The delay in diagnosing
CAD is due partly to the presence of silent myocardial
Ischemia, which 1s more frequently recognized anglograph-
fcally in diabetic than nondiabetic patients. The reported
prevalence of stlent myocardial ischemia ranges from 10%
to 60% in diabetic patients, possibly reflecting the differing
numbers of atherogenic risk factors in differing studies.™?

The American College of Cardiology/American Dia-
betes Association recommends that cardiac testing be done
frrespective of the presence of CAD symptoms in diabetic
patients with two or more atherogenic risk factors, in view
of the high prevalence of CAD.'? Various screening methods
are avallable including exercise electrocardiography, exer-
cise echocardiography, and exercise single-photon emisston-
tomography (SPECT). From the point of view of health care
policy, the value of a screening strategy Is determined not
only by diagnostic accuracy and risk but alse by the cost
associated with it. Sox et al. evaluated the cost-effectiveness
of screening asymptomatic patients for CAD, and concluded
that the effect of exercise festing was too small to justfy
screening in healthy persens.’ In high-risk patients with
diabetes, however, the cost-effectiveness of screening strat-
egies for CAD in patients has not yet been evaluated.

We have therefore performed a cost-effectiveness
analysis of different screening strategies from the soctetal
perspective, using a Markov model to examine the benefits
and costs of screening for CAD in asymptomatic patients
with diabetes and two additional atherogenic risk factors.

METHODS

We evaluated cohorts of patients stratified by age (50,

55, 60, 65, and 70 years of age), and 10 possible pairs of
atherogenic risk factors (hypertenston, smoking, low-density
lipoprotein [LDL] level above 160 mg / dl, high-density lipo-
protein {HDL] level below 35 mg/dl, and proteinuria)
that are recommmended by American College of Cardiology/
American Diabetes Association. '? The base-case cohort were
asymptomatic men with type 2 diabetes mellitus and two
additional atherogenic risk factors. Cohn has classified
stlent ischemtia into 3 categories: 1) asymptomatic ischemia
without a histery of angina/myocardial infarction (MD; 2)
asymptomatic ischemic episode with a history of angina;
and 3) asymptomatic ischemia with a history of MI.* We
1181
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define silent myocardial ischemia as the first of these cat-
egories, because individuals suffering the second or third
were taken already to be recetving specific medication or
intervention, and not to benefit from screening. Because
most of the available data relate to men of around 55 years
of age with hypertension and smoking, base-case analysis
was conducted on this patient group. A Markov model was
used to estimate the lifetime costs and the quallty-adjusted
life expectancy.!® We set the time horizon at 30 years
because any effects of treatment should be apparent by 85
years of age.

DATA 3.5.9 software (TreeAge Software, Inc., William-
stown, Mass) was used to calculate costs and ocutcomes.
Costs were estimated from a societal perspective, and out-
comes were measured in quality-adjusted life-years (QALYSs).
We then calculated the ineremental cost-effectlveness for
all competing strategles. The cost-effectiveness ratio for
SPECT compared with echocardiography, for example, is
the difference between costs of the two strategies divided
by the difference between the QALYs produced by each. A
strategy that was less effective and had a higher incre-
mental cost-effectiveness ratio than another strategy was ruled
out by weak dominance. A weakly dominated sirategy was
retained in the list and iis cost-effectiveness ratio compared
with the next strategy was put in parentheses in the tables,
but the incremental cost-effectiveness ratios of the domi-
nant strategy were recalculated using data other than
the weakly dominated strategy. This method allowed us to
examine whether extending therapy given a new indication
Is cost-effective. Components of effects or costs that did
not differ among the alternative strategles (e.g., giving up
smoking) were not evaluated in detail, because we employed
Incremental cost-effectiveness analysis,

Declslon-andlytic Model

We assumed that a diagnostic screening test was
performed once only, at the first stage, Screening strategies
included: 1) no screening; 2} éxercise electrocardiography
followed by coronary angiography (CAG) if positive; 3) exer-
cise echocardtography followed by CAG if positive; and 4)
exercise SPECT followed by CAG if positive. Patients with
negative screening test results did not undergo CAG.

Our model was a revised version of the Coronary Heart
Disease Policy Model proposed by Welnstetn et al.'® We first
simplified the model by incorporating cardiac arrest (CA)
into death state, in view of the very low survival rates asso-
clated with CA. We then considered the states associated
with coronary artery bypass grafting (CABG) and post-
percutaneous transluminal coronary angioplasty (PTCA).
Because of the nature of our study, we divided the angina
state into silent ischemia and symptomatic {schemia. The
original 12 CAD states were thereby meodified and reduced
to 7 CAD states: normal, silent ischemia, symptomatic
ischemia, history of MI, post-PTCA, post-CABG, and death,
An individual in the normal state at the time of the mitial
screening may remain in the normal state or move to the

CAD event state in the next year, with probabilities deter-
mined by demographic and epidemiological factors such as
age, gender, and other atherogenic risk factors, including
diabetes mellitus. These transition probabilities were
calculated using Framingham data estimated from equa-
tions developed by Anderson et al.'” The method used to
calculate the transition probabilities is described in detail
In Appendices 1 to 11l (avallable online at www.|gim.org).
Figure 1 shows a schematic representation of the decision
tree.

If an individual in the normal state experiences a first
CAD event, the event would be etther myocardial ischemia
(symptomatic or silent} or a non-fatal MI. Probabilities of
myocardial ischemia or MI were assigned to these events. '
The probability that initlal myocardial ischemia was asymp-
tomatic was estimated from a review of the Nterature dealing
with silent ischemia in patients with diabetes (Table 1).}°
Those with myocardial ischemia then had the probability
of falling in a particular disease category (1-, 2-, 3-vessel,
or left-main trunk disease) in a certain age group assigned
from the Coronary Artery Surgery Study (CASS) registry.?

The following assumptions were made concerning
medications/interventions in this model: 1) patients with
hegative screening tesi results recefved no specific therapy;
2) all patients received one 325 mg-tablet of aspirin per
day (U.S. Preventive Sexvice Task Force Recommendation);
3) patients recetved stmvastatin (40 mg /day) irrespective of
baseline LDL levels based on the latest studies or
guidelines??%; 4) management after anglography was
based on the anatomic pattern of vessel obstruection, and
patlents without vessel obstruction on anglography received
no specific treatment; 5) patients with - or 2-vessel CAD
on angiography underwent FTCA; 6) patients with 3-vessel
or left-main trunk disease (LMD) on angiography under-
went CABG; 7) patients who developed restenosis after
PTCA underwent PTCA only one more time, so that PTCA
was performed not more than twice—if they subsequently
experienced restenosis, they underwent CABG: 8) patients
with myocardial infarction developed relevant symptoms
and received the appropriate treatment; 9} patients with
silent myocardial ischemia did not receive specific anti-
anginal therapy: and 10) PTCA reduced late MI in those
with 1- or 2-vessel disease.

Baseline Prevalence of Cbronqry Arlery Disease

We assumed that the prevalence of CAD in asymptom-
atic diabetic patients is determined by atherogenic risk
factors age and gender to the same extent as in the general
population; this was estimated from data provided by a
review of the Hterature. '’ The prevalence of CAD in each risk
state was caleulated from the prevalence of CAD in the
general population and the odds ratio for associated
atherogenic risk factors for CAD, stratified by age and
gender (Appendix II, available online at www.jgim.org). The
baseline prevalence of CAD in different age groups of
diabetics was derived from the Third National Health and
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FIGURE 1. A Markov model of screening strategles for CAD In diabefle patients with additional atherogenic risk factors. Patients with
silent myocardiallschemia detected by inttial screening and patients with symptomatic myocardial lschernia developing Inthe years
following received PTCA of CABG according to the number or location of thelr diseased vessels, Patients with false negative results
by screening fests and those with sflent myocardial lschemla developing in the yaars following do not recsive specific therapy.

ECG, electrocardiography: UCS, echocardiography: SPECT, single-photon emission-tornagraphy; LMT, lef-main trunk disease: CAD,
coronary artery disease; MI, myocardial infarction; PTCA, percutaneous transluminal coronary angloplasty: CABG, coronary artery

bypass grafting.

Nutrition Examination Survey (NHANES III).2* We then
calibrated the prevalence data to match the estimated
number of patients with stable angina (16,500,000)
according to the American College of Cardiology/American
Heart Association, as NHANES data are self-reporied
and likely to be tnfluenced by self-reporting blas.?**® Rel-
ative risks were taken from the published] literature, and
were estimated by multivariate logistic regresston using
NHANES Il data.?**” Table 1 shows the baseline prevalence
of CAD.

Number of Diseased Vessels

The extent of CAD is expressed by the number of dis-
eased vessels {0 to 3}, with a separate category for left-main
trunk disease as revealed by CAG. Probability data for
different numbers of diseased vessels and LMD stratified
by age were derived from the CASS registry.®

Characteristics of Screening Tests

The performances of screening tests were obtained
from a meta-analysis of diagnostic tests, and are shown in
Table 1. The sensitivity and specificity of exercise electro-
cardiography for detecting CAD were obtained from data
pooled from 150 studies®®; sensitivity and specificity of
exercise echocardiography and exereise SPECT came from
another meta-analysis, based on a summary of recelver
operating characteristics {ROC) curve analysis.*
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Complications of infervention

We made the following assumptions concerning short-
term sequels to intervention. CAG was assoclated with
a 0.1% probability of death and a 0.06% of nonfatal MI,
regardless of the extent of CAD.*® PTCA was associated with
mortality rates of 0.2% in 1-vessel disease and 0.9% in 2-
vessel disease; the mortality rate of nonfatal MI was 3.5%
in 1-vessel disease and 5.2% in 2-vessel disease.?! CABG
was assoclated with a mortality rate of 3.2%, and the prob-
ability of nonfatal MI was 7.0%.7%*

Long-term Prognosis

We assumed that the prognosis of patients with asym-
ptomatic ischemia is the same as for patients with symp-
tomatic ischemia.'%%*~% We estimated the cycle-specific
mortality in each health state based on a declining expon-
entla] approximation to lfe expectancy (DEALE; Appendix III,
avallable online at www.jgim.org).**"*! This method takes
the mortality hazard as constant over a certain pertod of
time (1 year in our analysis), and thus the survival prob-
ability declines exponentially over a certain period of time.
Mortality rates were then determined according to patient
characteristics (e.g., age, gender, extent of CAD, and treat-
ment) using all-cause mortality from .S, life tables, together
with the standardized mortality ratio for patients with
diabetes, the relative mortality ratio for the specific extent
of disease from the CASS registry, and the mortality risk
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Table 1. Baseline Values and Ranges in SensHivity Analysis

Baseline Lower Upper

Varlables Value Range Range Reference
Prevalence of asymptomatic ischemia in base case [estmated)* 0.39 0.27 0.51 27, 38
Annual incidence of CAD in base case, per 1,000 (estimated)* 23.4 164 304 17
Proportion of sflent ischemia in patients with myocardial {schemnia* 0.4 0.38 0.62 19
Diagnostic performance of screentng tests®
Exercise electrocardiography
Sensitivity 0.68 .23 1 23
Specificity 0.77 0.17 1 28
Exercise echocardiography
Sensitivity 0.85 0.71 0.97 29
Specificity 0.77 0.37 0.96 29
Exerc{se SPECT
Sensitivity 0.87 0.71 0.97 29
Specificity 0.64 0.27 1 29
Mortality risk reduction by CABG, %'
1- or 2-vesse! discase 15 0o 49 42
3-vessel disease 48 32 64 42
Left-main trunk disease 67 43 87 42
Rigk reduction in late myocardial infarction: with revascularization, %*
PTCA 17 0 22 49
CABG 42 29 55 49
Risk reduction in the incidence of CAD by aspirin (primary prevention), %* 15 11 20 43
Risk reduction in late CAD events by aspirin (secondary prevention), %* 31 21 41 43
Risk reduction in all-cause mortality by aspirin (secondary prevention), %* 28 21 38 43
Risk reduction in the incidence of CAD by simvastatin {primary prevention), %* 25 18 33 21
Annual risk for revascularization by inftal treatment and extent of disease*$
Nonspecific therapy (1-vessel disease} . 0.010 0.001 0.022 46, 50
Nonspectfic therapy (2-vessel disease) 0.042 0.028 0.056 46, 50
Nonspecific therapy (3-vessel disease or lefi-main trunk disease) 0.075 0.061 0.089 46, 50
PTCA . 0.036 0.026 0.046 29, 51
CABG 0.018 0.011 0.025 50, 51

* Ranges based on t 30% of base-case estimates. (Note: lower range of risk recluction in late myocardial tnfarction with PTCA was set to 0%.)
! Ranges based on reported proportions in the literature.

* Ranges based on the actual range among original studies tn a meta-analysis.

¥ The percentage of revascularizations that were CABG were as follows: 16% (I-vessel disease and nitial nonspecific therapy); 58% (2-vessel
disease and initinl nonspecific therapy); 87% (3-vessel disease or left-main trunk disease aqnd nonspecific therapy); 22% (nitial PTCA}: and
79% (inttial CABG). :

SPECY, single-photon emission-tomography; CAD, coronary artery disease; MI, myocardial infarction; PTCA, percutaneous transtuminal
coronary angioplasty; CABG, coronary artery bypass grafting.

CAD In our model; these data were derived from studies

reduction by medication or interventions 20213842-4 Ty,
conducted in primary prevention settings.”** In secondary

standardized mortality ratio for patients with diabetes was

the ratio of the all-cause mortality rate in persons with
diabetes to the mortality rate of the general population. We
used 1.5 as the standardized mortality ratio derlved from
the population-based Framingham Heart Study.*®

The mortality risk ratio for the extent of CAD and mor-
tality risk reduction by CABG (the proportion of corcnary
artery disease-related mortality reduced by surgery) were
derived so as to match the mean survival time at 10 years
that was reported in a systematic review of 7 CABG trials. 2
We assumed that the risk reduction by CABG persisted for
10 years, because the initial efficacy of therapentic inter-
ventions usually has a near-linear decline. We also assumed
that the efficacy of PTCA in patients with single- or double-
vessel disease was the same as that of CABG.** For the
effect of medications, 2 15% reduction for aspirin and 25%
reduction for shmvastatin in the relative risk for the incidence
of major coronary events were applied to the incidence of

prevention settings, a 31% reduction in the odds of nonfatal
MI derived from peoled trials was applied to nonfatal MI
and to death from chronic coronary disease.** Because the
median follow-up time in the secondary prevention trials
for high-risk patients was 3 years, the benefit of aspirin was
taken to continue for 3 years.*

We took the rates of nonfatal MI and revascularization
to vary depending on the initial treatment, and assumed
that the risks of subsequent nonfatal MI, PTCA, or CABG
depend on the extent of the CAD and the type of initial
treatment (Table 1),%64745-51

Costs and Discounting

All eost estimates are shown in Table 2. For diabetes
care, we used the costs of conventional diabetes control
based on the U.S. scenario by the CDC (Centers for Disease
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