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CLINICAL SCENARIO

You are the attending physician on
duty when a poor, 45-year-old man pre-
sents to the emergency department of a
general hospital in the Philippines. He
has severe chest pain for 2 hours, asso-
ciated with clammy perspiration. Physi-
calexamination reveals a blood pressure
0f 110/70 mm Hg, a pulse rate of 92 beats
per minute, a normal first heart sound,
and clear lungs. An electrocardiogram
discloses 3-mm ST-segment elevationin
the inferior leads. As intravenous lines
are placed, and the patient is prepared
for admission to the coronary care de-
partment, you consider whether you
should offer this patient a thrombolytic
agent. Though your response is that the
impecunious patient cannot afford the
treatment, you ponder the right course
ofactioninaricher patient. As your duty
ends that night, you resolve to prepare
for the next patient admitted for an acute
myocardialinfarction (MI) by retrieving
the best evidence on the use of throm-
bolyties.

THE SEARCH

Streptokinase is the only thrombo-
lytic agent that your patients might af-
ford. You,therefore, confine your search
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tothisdrug, tryingtolocate the best trial
or, if possible, a meta-analysis. Using
Grateful Med software (National Li-
brary of Medicine, Bethesda, Md), you
seleet myocardial infarction from the
list of medical subject headings used to
index articles. On the second subject
line, youuse the term streptokinase. You
limit your search to English-language
articles, and tofind quantitative reviews
or original studies, you use the term
meta-analysis or randomized con-
trolled trial as the publication type.
You retrieve a systematic meta-anal-
ysis of randomized trials that deal only
with effectiveness’ and not toxicity. You,
therefore, also review a single trial from
ISIS-2 Collaborative Group? that you
choose on the basis of its size (17000 pa-
tients), strong design (including double-
blinding), and the wide variety of set-
tings in which the study was undertaken.
You refer to earlier Users’ Guides to
evaluate the validity of the studies,>* as
well as the magnitude and precision of the
treatment effects and toxicity.® The ar-
ticles pass the validity criteria, and the
treatment reduced the event rate from
17.4% to 12.8%.' This outweighs the po-
tential harm of “bleeds requiring trans-
fusion,” which occurred in 0.5% of
patients treated with streptokinase com-
pared with 0.2% in the placebo group.?
An answer does not come easily to the
last question: “How can you apply the re-
sults to your patients?” Asians consti-
tuted a small minority of the patients in
the trials, and you are uncertain about your
hospital staff’s ability to cope with tech-
nical requirements for administering the
drug or dealing with any complications.
As clinicians look more often to ran-
domized controlled trials (RCTs) to
guide their clinical care, they must de-
cide how to apply RCT results to indi-
vidual patients in their practice setting.
This Users’ Guide addresses the issue of
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applicability, which involves the impli-
cations of the trial results for patient
care. Applicability is closely related to
concepts of generalizability and exter-
nal validity, but is broader in its scope,
including issues related tothe overallim-
pact of treatment in individual patients.
In considering applicability, clinicians
first must decide whether the biology of
the treatment effect will be similar in
patients they are facing; second, their
patients’ risk of a target event, which
the treatment is designed to prevent;
third, the adverse effects that may ac-
company treatment; and fourth, their
own ability todeliver the interventionin
a safe and effective manner.® Clinicians
managing patients who differ economi-
cally, racially, and culturally from those
recruited in typical clinical trials face
particular challenges in addressing ap-
plicability. Such patients include those
from the inner cities of North America,
the Native American reservations, or
less industrialized countries. Clinicians
seeing these patients cannot afford tore-
peat every trial simply because of doubts
regarding applicability. The end result
is that applicability becomes a fait ac-
compli—an issue that may often be ig-
nored rather than confronted.

Earlier in this series, we addressed
the applicability problem in the Users’
Guide for articles about therapy or pre-
vention: “A better approach than rigidly
applying the study’s inclusion and exclu-
sion criteria is to ask whether there are
compelling reasons why the results
should not be applied to the patient. A
compelling reason usually won't be
found, and most often you can generalize
the results to your patient with confi-
dence.”
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Table 1.—The Guides

A S Ay R O T N R T |
Issues

Biologic

(1) Are there pathophysiologic differences in the
iliness under study that may lead to a
diminished treatment response?

(2) Are there patient differences that may diminish
the treatment response?

Social and economic

(3) Are there important differences in patient
compliance that may diminish the treatment
response?

(4) Are there important differences in provider
compliance that may diminish the treatment
response?

Epidemiologic

(5) Do my patients have comorbid conditions that
significantly alter the potential benefits and
risks of the treatment?

(6) Are there important differences in untreated
patients’ risk of adverse outcomes that might
alter the efficiency of treatment?

1

Physicians may encounter problems
following this advice. We didn’t give a
good definition of a “compelling reason”
or provide guidelines on how to system-
atically address the question. In this ar-
ticle, we correct these deficiencies by pre-
senting a set of guidelines for evaluating
the applicability of the results of RCTs to
populations other than the participants.
We present the guides as questions that
probe for situations when clinicians may
be forced to reject applicability. We
phrase the questions so that a “yes” an-
swer will lead clinicians to suspect a prob-
lem of applicability. Table 1 summarizes
the guides, categorizing theminto biologic
issues (which help us decide if the treat-
ment ean work), socioeconomic issues
(which help us decide if the treatment will
work), and epidemiologic issues (which
help us decide how efficient the treatment
will be). As we discuss each issue, we will
offer sources of information that will help
physicians answer their questions.

THE GUIDES—BIOLOGIC ISSUES

Are There Pathophysiologic
Differences in the lliness

Under Study That May Lead to a
Diminished Treatment Response?

Diseases with a single name may rep-
resent conditions with important patho-
physiologic differences. These differ-
ences can sometimes lead to diminished
treatment responses due to divergence
in pathogenetic mechanisms or biologi-
cal differences in the causative agent.
Hypertension in blacks, which has been
observed to be relatively responsive to
diuretics and unresponsive to B-block-
ers,” provides an example of the former.
This selective response reflects a state
of relative volume excess that investi-
gators now theorize may have served
protective functions in their hot and arid
ancestral environments.®

Malaria provides an example of a con-
dition that may vary because of biologi-
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cal differences in the causative agent.
Malaria treatment protocols vary de-
pending on drug resistance patterns.® In
these examples, clinicians should antici-
pate variation in response to treatment
and should temper hasty conclusions re-
garding the applicability of trial results.

Sources of Evidence

Sources of information regarding dis-
ease pathophysiology in populations in-
clude basic and laboratory studies, ani-
mal studies, genetic studies, and obser-
vational studies documenting pathologic
changes in affected individuals and
evaluating the biology of causative
agents (eg, surveys on drug resistance
patterns of infectious diseases).!® In
some cases, variation in response to
treatment may be the first clue to a dif-
ferencein pathophysiology. Thiswasthe
case in the example of hypertension in
blacks.

To address our scenario of applicabil-
ity of streptokinase to the treatment of
MTIinthe Philippines, wereviewed a case
series of autopsies performed on Fili-
pino patients who had ML! Pathologic
changes in the coronary arteries and
myocardium were similar to those noted
among North Americans,'? while non-
atherosclerotic causes of coronary dis-
ease were rare. Clinical surveys have
demonstrated that Filipinos share the
same risk factors for coronary disease'
as North Americans. Thus, we can be
confident that disease pathogenesis is
similar.

Are There Patient Differences That
May Diminish the Treatment
Response?

Between-population differencesinre-
sponse to treatment may arise from dif-
ferencesindrug metabolism,immune re-
sponse, or environmental factors that af-
fect drug toxicity. Differences in drug
metabolism may directly influence the
efficacy of a treatment regimen. If they
are not identified, slow metabolizers of a
drug could face the risk of greater toxic
effects, while a significant decrease in
efficacy might occur in rapid metaboliz-
ers. Such differences are usually based
on genetic polymorphism in the activity
of metabolizing enzymes. A well-known
example is hepatic N-acetyltransferase,
an enzyme with increased activity
among Asians.’ For this reason, clini-
cians offer higher drug dosages for
agents such as isoniazid, hydralazine,
and procainamide hydrochloride. Other
examples of genetic polymorphism in-
clude pseudocholinesterase activity in
the metabolism of suxamethonium and
glucose-6-phosphate dehydrogenase ac-
tivity in the metabolism of sulfonamides
and other drugs.'®

Differences in patients’ immune re-
sponse may also modulate treatment ef-
fect. Haemophilus influenzae vaccine,
forexample, has alower efficacy in Alas-
kan natives than in nonnative popula-
tions.!” Finally, environmental factors
may affect response to therapy. For in-
stance, the incidence of thyroid dysfunc-
tion from amiodarone differs in low vs
high iodine environments.!®

Sources of Evidence

Pharmacokinetic and bioavailability
studies are important sources of evi-
dence regarding differences in treat-
ment response. Such studies generally
require small sample sizes and com-
monly available equipment. Unfortu-
nately, for a wide variety of drugs, tech-
nology for assays remains unavailable.
Reasonable alternatives include dose-
ranging and descriptive studies of pa-
tients receiving treatment, which can
also provide information on immune re-
sponse to vaccines and environmental
factors that may increase ordecrease the
toxic effects of drugs. Postmarketing
surveillance studies and large RCTs re-
quire large sample sizes and long-term
follow-up, but (as in the example of the
decreased effect of H influenzae vaccine
in Alaskan natives) may provide defini-
tive information about differential re-
sponse to therapy.

Although we found no studies evalu-
ating the pharmacokinetic profile of
streptokinase when given to Filipinos,
postmarketing studies show that Filipi-
nos experience the same reperfusion ar-
rhythmias and bleeding complications
when given streptokinase at the same
dose as North Americans.”® These stud-
ies provide some assurance of similari-
ties in the response to adverse effects of
treatment.

SOCIAL AND ECONOMIC ISSUES

When satisfied that biologic differ-
ences do not compromise treatment
applicability, clinicians must examine
constraints related to the social environ-
ment that may diminish treatment ef-
fectiveness.

Are There Important Differences
in Patient Compliance That May
Diminish the Treatment Response?

To the extent that groups of people
exhibit different compliance with treat-
ment, clinicians may expect variation in
treatment effectiveness. Variability in
compliance between populations may
stem from resource limitations in a par-
ticular setting or less obvious attitudinal
or behavioral idiosyncrasies. Both types
of problems may, for example, affect the
safety of outpatient administration of
anticoagulants. Neither indigent pa-
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tients nor their society may be able to
afford repeated clinic visits and tests for
treatment monitoring. Alcoholic pa-
tients, whatever their financial situa-
tion, may be less likely to comply with
monitoring. Inadequate monitoring,
whatever the reason, increases bleeding
risk from overanticoagulation, shifting
the balance between benefit and harm
(eventothe point where harmoutweighs
benefit).

Sources of Evidence

While clinicians perform poorly at un-
tutored guessing of patient compliance,
a systematic examination of compliance
in individual patients, or groups of pa-
tients, is likely to aid in identifying vary-
ing compliance patterns. Clinicians may
also refer to more general sources of evi-
dence, such as sociologic descriptions of
attitudes of specific groups of people. In
the Philippines, an attitude called ba-
hala na connotes a lack of capacity or
willto control one’s fate.?” A near equiva-
lent would go something like “let’s just
wait and see, there’sreally nothing much
we can do about the situation.” This ex-
ternal locus of control® may have an ad-
verse effect on patient compliance. In
our scenario, we don’t expect patient
compliance tobe aproblem since we give
streptokinase intravenously as a single
dose.

Are There Important Differences

in Provider Compliance That Might
Diminish the Safety and Efficacy
of the Treatment?

In this guide, provider compliance re-
fers to a host of diagnostic tests, moni-
toring equipment, intervention require-
ments, and other technical specifications
that clinicians must satisfy to safely and
effectively administer a treatment. Fi-
nancial conditions in a health care cen-
ter, aceess to equipment, technologic ex-
pertise, and availability and skill of
health personnel may influence treat-
ment effectiveness. For instance, while
carotid endarterectomy may benefit
low-risk patients when surgery-associ-
ated stroke is low, the net effect for such
patients in centers with higher surgery-
associated stroke rates may be an in-
crease in adverse outcomes.”

Inless industrialized countries, many
hospitals and clinics do not have easy ac-
cesstosophisticated equipment, so prob-
lems of provider compliance are com-
mon. For example, while rheumatic
atrial fibrillation remains a common
problem in Asian countries, few labora-
tories in rural areas perform the tests
necessary for titration of warfarin dose.
This limitation is likely to reverse the
critical balance between effectiveness
and safety of treatment.
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Sources of Evidence

Because of experience regarding
availability of equipment, laboratory
tests, and health personnel resources,
practitioners themselves are a good
source of information regarding feasibil-
ity interventions. Clinicians’ assess-
ments can be supplemented by formal
quality-of-care assessments and post-
marketing surveillance of adverse ef-
fects. Whatever the source of informa-
tion, a thorough understanding of the
technical requirements for safe and ef-
fective administration should guide de-
cisions regarding the ability to comply.

Administration of streptokinase car-
ries potential hazards, foremost of which
is catastrophic bleeding. Facilities for
emergency administration of cryopre-
cipitate, fresh frozen plasma, or whole
blood must be available.” In hospitals
without efficient blood banking systems,
it may be difficult to cope with bleeding
emergencies. This increases the poten-
tial hazards of treatment and may tip the
balance between benefit and harm.

EPIDEMIOLOGIC ISSUES

When satisfied that biologie, social, or
economic differences donot compromise
applicability, the clinician must examine
the patient’s characteristics that can in-
fluence either the magnitude of the ben-
efit or the risks of treatment (and thus,
the trade-off between the 2).2! The last 2
guides address these issues.

Do My Patients Have Comorbid
Conditions That Significantly
Alter the Potential Benefits and
Risks of the Treatment?

The presence of other conditions in a
particular locality may affect treatment
efficiency in 2 possible ways: competing
diagnostic possibilities or competing
causes of outcome. The management of
pneumonia in developing countries pro-
vides an example of a competing diag-
nostic possibility.

The acute respiratory tract infection
management protocolincludes a symptom-
driven algorithm for differentiating pneu-
monia from nonpneumonia. This protocol
identifies children who need antibiotics and
has proven effective in reducing mortal-
ity from pneumonia among children
younger than 5 years.® Unfortunately,
similarities exist in the clinical presen-
tation of pneumonia and malaria. In
malaria endemic areas, clinicians may
expect an increase in false-positive “pneu-
monias.” These patients with false-
positive pneumonialike presentations will
not respond to antibiotics for pneumonia,
andadelay in instituting antimalarial treat-
ment may result. If the drop in accuracy
islarge enough, the balance between harm

and benefit will change. To resolve this is-
sue, investigators have initiated a study
todetermine if the acute respiratory tract
infection protocol can maintain its effec-
tiveness in malaria endemic areas (S. P.
Lupisan, unpublished data, 1998).

Competing causes of target events
may also affect the magnitude of benefit.
An example comes from the manage-
ment of acute MI in some Filipino hos-
pitals. A recent study disclosed 30 in-
hospital deaths inacohort of 149 patients
admitted to a charity hospital (ISIP
Study Group, unpublished data, 1996).
On the basis of results from the meta-
analysis, clinicians might expect strepto-
kinase to reduce this 20% death rate by
25%.! However, a closer look at the local
data shows a contrast with the original
studies in which virtually all deaths were
a direct result of cardiac ischemia. In the
Philippine study, noncardiac causes
(mostly pneumonia with sepsis) were re-
sponsible for 11 of the 30 deaths. Strep-
tokinase will not reduce mortality in such
patients. Adequate antibiotic coverage
may result in a greater (and more eco-
nomical) reduction in mortality for pa-
tients who develop pneumonia.

In addition to reducing benefit, other
morbidity may affect the magnitude of
risk. Surgical mortality may increase in
malnourished patients, shifting the bal-
ance between benefit and risk. On occa-
sion, other morbidity can also work in
the opposite direction—increasing effi-
ciency. For example, a patient with a
largeinfaret,in whom the clinicianis con-
sidering warfarin, may also have atrial
fibrillation. Since anticoagulation re-
duces stroke risk in such patients, the
presence of atrial fibrillation strength-
ens the indication or treatment.

Sources of Evidence

Cohort studies provide the most reli-
able information on comorbid conditions.
Inthe MI scenario, we used data fromthe
local study of 149 charity patients to
evaluate the impact of other morbid con-
ditions.* As we noted, we can expect
streptokinase to prevent around 5 of 19
cardiac deaths (but none of those from
other causes), and the absolute reduction
in all-cause mortality is a decline from 30
(20.1%) of 149 to 25 (16.8%) of 149.

Are There Important Differences in
Untreated Patients’ Risk of Adverse
Outcomes That Might Alter the
Efficiency of Treatment?

In our Users’ Guide on therapy, we
addressed the relationship between a
patient’s risk of an adverse event and
the magnitude of the treatment impact.
Because the issue is so important in as-
sessing applicability of trial results, we
will review it in detail.
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Table 2.—Baseline Mortality Rate Without Treatment and Estimated Number Needed to Treat or to Save
1 Life Using Streptokinase in Filipinos With Acute Myocardial Infarction, Tabulated According to Age and Wall

Involvement
Age <60 y Age =60 y
I 1 [ [
Mortality No. Needed Mortality No. Needed
Characteristics Rate to Treat Rate to Treat
Wall involvement
Infarction 0.02 179 0.13 27
Non—Q-wave myocardial infarct 0.04 89 0.18 28
Anterolateral wall infarct 0.05 7l 0.19 20
Massive anterior wall infarct 0.14 26 0.23 16

Inthetherapy Users’ Guide, weintro-
duced the notion of number needed to
treat (NNT). Thinking about NNT re-
quires an understanding of the concepts
of relative risk, relative risk reduction,
and absolute risk reduction. Readers de-
siring a full discussion of these concepts
can refer to the earlier article.? Because
it estimates the number of patients who
need to receive treatment (with impli-
cations about the associated toxic effects
and cost) to prevent an adverse event,
clinicians can use the NNT to consider a
treatment’s efficiency.

The NNT s the inverse of the absolute
risk reduction resulting from a particular
treatment in a particular group of pa-
tients. If a patient’s risk without treat-
ment is 20%, then we expect 20 of 100
patients without treatment to experience
an adverse event. When we administer a
treatment with a relative risk reduction
of 10%, only 18 treated patients will ex-
perience adverse events. Thus, for every
100 patients treated, we prevent 2events,
and the NNT ig 50. If the expected event
rate in untreated patients is cut by halfto
10%, and the relative risk reduction re-
mains the same, in treating 100 patients,
we will prevent only 1 adverse event, and
the NNT will double to 100.

This reasoning, and much of what fol-
lows, assumes that relative risk reduc-
tion remains constant across subgroups.
While testing this assumption can be dif-
ficult,? there are situations in which the
assumption will fail, and elinicians should
be alert to this possibility.?* Fortu-
nately, however, in most instances the
assumption will not introduce important
inaccuracies in the NNT., 2%

One source of difference in expected
event rates is country of origin and resi-
dence. Keys® compared the 20-year in-
cidence of coronary deaths in the United
States, 5 European countries, and Ja-
pan?' He found an extremely low inci-
dence of coronary death in the Japanese
cohort, despite correction for baseline
differences in recognized risk factors.
Similar results have been observed in
preliminary reports of the ongoing
Multinational Monitoring of Cardiovas-
cular Disease and Their Determinants
project.* In this study, involving 39 cen-
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ters from 26 countries, east Asians
showed a much lower incidence of coro-
nary death than their western counter-
parts. Age-standardized mortality rates
for coronary heart disease were lowest
among Japanese (40 of 100000), and
highest in North Ireland (414 of 100 000).

Thinking of the NNT, this 10-fold dif-
ferenceinincidence among theJapanese
would translate to a 10-fold increase in
the NNT foradrug preventing coronary
deaths. This decrease in efficiency may
warrant a reconsideration of applying
the results of a trial to low-risk patients.
We consider the issue of balancing costs
and effects in our Users’ Guides for de-
termining a level of recommendation.®

Sources of Evidence

Cohort studies on the course of dis-
ease in untreated patients can provide
excellent risk data, and such studies are
even more useful when they define sub-
sets of patients at varying risk. Of 424
Filipinos with MI who were eligible for
streptokinase (but in whom the drug was
not administered) and who participated
in a cohort study conducted in 9 centers
in metropolitan Manila, 37 (11.1%) suf-
fered cardiac death.?® This provides a
good estimate of the expected event
rate. If streptokinase had been given, it
would have prevented 25% ofthe deaths,
reducing the absolute mortality rate to
8.3%. Thus, 2.8% of the those otherwise
destined to die would have been spared
(the absolute risk reduction), and the
NNT is 100 divided by 2.8 or approxi-
mately 36 patients.

The expected event rates varied in the
patient subpopulation.® Young patients
with small infarcts had a much lower ex-
pected mortality (and thus much larger
NNTs) than old patients with large in-
farcts. Using prognostic information
from these various subgroups, we con-
structed Table 2, which shows the ex-
pected mortality according toage and left
ventricular wallinvolvement and the cor-
responding NNT to save 1 life in each
group. As the table shows, NNT can
range from 16 (when treatment is applied
to patients with a poor prognosis) to as
much as 179 (when treatment is applied
to patients with a good prognosis).

Varying patient risk will affect ben-
efit of treatment no matter what the en-
vironment in which you practice. Evenif
you work in the Western tertiary care
environmentin which investigators con-
ducted their original studies, you will
still face high- and low-risk patients. The
critical trade-off between risk and ben-
efit may vary in these patient groups,
mandating a different treatment deci-
sion.®

COMMENT

These guides address the task of ap-
plying the results of clinical trials done
on restricted, specially selected popula-
tions to other groups. Although inspired
by the predicament inless industrialized
countries, the guides are relevant to all
situations where clinicians must make
decisions regarding applicability. By
breaking down the problem into specific
questions, we have provided guides for
busy clinicians who make daily attempts
to strike a balance between making “un-
justifiably broad generalizations and be-
ing too conservative in one’s conclu-
sions.™

When clinicians suspect limited appli-
cability (ie, when a response of “yes” is
encountered for any of the questions),
what can they do? This will depend on
whether the anticipated differences are
important, and if important, whether
they are remediable. For example, dif-
ferences in disease pathophysiology
(guide 1) do not always mean that appli-
cability is limited. Management of a cata-
ract, for instance, will probably be the
same regardless of the cause. Differ-
ences in treatment response (guide 2)
can sometimes be accommodated by al-
tering administration of a treatment
(such as adjusting the dose of a drug).
Education, training, provision of neces-
sary equipment, and other attempts at
optimizing compliance may address
problems in patient and provider com-
pliance (guides 3 and 4).

For differences in comorbid condi-
tions or expected target event rates
(guides 5 and 6) the clinician’s response
will depend on the differences observed.
If anincrease in efficiency is anticipated
(as when disease prognosis is worse or
the incidence of an adverse outcome is
greater), a recommendation to treat can
be more easily accepted. A decrease in
efficiency, on the other hand, should lead
clinicians to be more cautious in accept-
ing a treatment recommendation.

When the answer to 1 or more of the
guide questions is “yes,” and the differ-
ences noted are important and not easily
remediable, clinicians should not assume
that the trial results can be readily ap-
plied. In these instances, an additional
RCT may be warranted.
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RESOLUTION OF THE SCENARIO

What should we recommend regard-
ing thrombolytic use for the Filipino pa-
tient admitted for acute MI? There is no
reason tobelieve that Filipinos have a dif-
ferent disease pathogenesis ora different
response to treatment with thrombolyt-
ics (guides 1 and 2). Patient compliance
will not be an important issue since the
drug is given intravenously as a single
dose (guide 3). The technical require-
ments for administration are often, but
not always, available, and when they are
not, the risks may outweigh the benefits
of thrombolytic administration (guide 4).

Twoissuesremain toberesolved, both
dealing with the magnitude of treatment
impact. Pneumonia is an important co-
morbid condition, accounting for one
third of deaths, at least in some charity
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