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Mortality Following Myocardial
Infarction in Women and Men

An Analysis of Insurance Claims Data from Inpatient Hospitalizations
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SUMMARY

Introduction: The results of previous studies of the
association between gender and mortality following
hospital admission due to acute myocardial infarction are
inconsistent. National data for Germany have been lacking
to date. Hence the objective of this study was to analyze
this association on the basis of a nationwide dataset.

Methods: The analysis was carried out using insurance
claims data from inpatients insured by the statutory health
insurer AOK, whose main diagnosis was acute myocardial
infarction and who were discharged from hospital in the
years 2004 and 2005. Several mortality endpoints were
used, including 30-day mortality and one-year mortality.

Results: 132 774 male and female patients were included.
Crude analyses showed a pronounced excess mortality in
women (odds ratio 30-day mortality = 1.65; 95% confidence
interval = 1.59 to 1.70). However, after adjustment for age
(in decentiles) practically equal mortality was observed for
female and male patients (odds ratio 30-day mortality = 1.00;
95% confidence interval = 0.96 to 1.03). Only in the
comparatively small group of male and female patients

up to the age of 50 was a slightly increased mortality
observed in women (odds ratio 30-day mortality = 1.09;
95% confidence interval = 0.85 to 1.40).

Discussion: To our knowledge, this study is the first
nationwide analysis focusing on the association between
gender and survival following hospital admission due to
acute myocardial infarction. Different results from earlier
regional studies may be explained by selection bias or
inadequate risk adjustment.
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any studies have examined the connection

between sex and mortality in patients hospitalized
with acute myocardia infarction, but these studies have
yielded conflicting results (1-12). Moreover, the smal
number of studies that have been performed on this sub-
ject in Germany to date were based on data from regiona
or nationwide registries, which do not necessarily reflect
the state of care of acute myocardia infarction in al
German hospitalsin which this condition istreated.

Nor have these German studies yielded uniform
results. For example, an analysis of data derived from
the Berlin Myocardia Infarction Registry revealed a
higher mortality among women with ST-segment eleva-
tion myocardia infarction (STEMI) than among men
with the same condition (10). For the 76-and-above age
group, no excess mortality among women could be
found after risk adjustment (9).

Analyses based on the datafrom the MI TRA registry
have shown, on the one hand, an elevated in-hospital
mortality among women with STEMI, but, on the other
hand, comparable long-term survival for men and
women after adjustment for age (4). Similar results
were obtained regarding patientswith STEMI after car-
diopulmonary resuscitation in analyses based on the
combined MITRA and MIR registries (2). In contrast,
an age-adjusted analysis of ACOS registry data on
patients with non-ST-segment elevation myocardial
infarction (NSTEMI) did not reveal any greater mortal-
ity in women than in men (3).

Data from the population-based MONICA/KORA
myocardial infarction registry in Augsburg were ana-
lyzed to calculate mortality ratesfor the periods 1985 to
1987 and 2001 to 2003. The raw mortality figures
(pre-hospital, first day of hospitalization, and days 2 to
28) were significantly higher for women than for menin
the earlier period, but, in the later period, women had an
only marginally higher mortality than men, even with-
out adjustment for age (6).

The purpose of the present study isto analyze current
nationwide data from Germany on this subject.

Methods
Nationwide billing data from hospitalized patients
covered by the statutory health insurance carrier AOK
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Characteristics of the study population: hospitalized AOK patients (2004-2005) with discharge diagnosis

"myocardial infarction," stratified by sex

Number

Age

Mean

Interquartile boundaries

Main diagnosis (location of infarct): percent and 95% Cl
Acute transmural anterior wall MI, code 1210

Acute transmural posterior wall Ml, code 1211

Acute transmural MI at other locations, code 1212

Acute transmural MI at an unspecified location, code 1213
Acute subendocardial M, code 1214

Acute M, not otherwise specified, code 1219
Accompanying illnesses

Diabetes

Hypertension

Heart failure

Renal failure

Inpatient procedures/operations

Diagnostic left heart catheterization*

Therapeutic left heart catheterization without stent*
Therapeutic left heart catheterization with stent*

Aortocoronary bypass

57 664

76.1 (76.0-76.1)
70 78 84

22.7(22.4-23.1)
18.1(17.8-18.4)
4.8 (4.6-5.0)
4.0 (3.8-4.1)
37.1(36.7-37.5)
13.0(12.8-13.3)

38.8 (38.4-39.2)
68.1 (67.8-68.5)
45.0 (44.6-45.4)
22.1 (21.7-22.4)
16.3 (16.1-16.7)
3.7(3.5-3.8)

31.7 (31.3-32.1)

4.6 (4.5-4.8)

75110

66.7 (66.6-66.8)
58 68 76

23.1 (22.8-23.4)
23.8 (23.5-24.1)
49 (4.7-5.0)
35(3.31-3.6)
33.8(33.5-34.2)
10.6 (10.4-10.8)

295 (29.2-29.9)
66.0 (65.7-66.3)
35.2 (34.9-35.6)
19.4(19.1-19.7)

18.3 (18.1-18.6)
5.3 (5.1-5.5)
49.6 (49.3-50.0)
8.1(7.9-8.3)

*The categorization of left heart catheterizations was hierarchical: when a therapeutic left heart catheterization with stent was coded, further left heart catheterizations for the
same patient that were either diagnostic or without stent were not coded. Similarly, when a therapeutic left heart catheterization without stent was coded, further diagnostic

were obtained according to §301 of the German Social
Insurance Law (Sozialgesetzbuch V) and analyzed for
the purposes of this study. All hospitalized personswere
included who

® were given the main diagnosis of a myocardial in-

farction (ICD-10 code 121),

® wereover 30 yearsold, and

® were discharged from ahospital in 2004 or 2005.

Follow-up information on survival and insurance sta-
tuswere obtained by consulting AOK membership files.

Cases were dealt with anonymously, and it was
possible to analyze not only in-hospital data but also
the outcome of each individual case outside the
hospital.

Patientswho had earlier been acutely hospitalized (in
or after the year 2002) with a myocardial infarction
coded as their main diagnosis or as a secondary diagno-
sis were excluded from the analysis. In order to assess
the effect of inter-hospital transfers, account was taken
of sequentia hospitalizations in which the patient was
admitted to a second hospital on the same day as, or one
day after, discharge from the first hospital (the legal
definition of an inter-hospital transfer).

left heart catheterizations for the same patient were not coded.
MI = myocardial infarction, Cl = confidence interval

The endpoints that were analyzed were death
during the index hospitalization and mortality at
30 days, 90 days, and one year. Patients who were no
longer insured by AOK by the end of a given follow-
up period were no longer considered in the analysis.
Thisresulted in different numbers of cases being ana-
lyzed for the different endpoints. Survival analyses
were not calculated, because information was ob-
tained only at fixed follow-up intervals (30 and 90
days and one year). Risk-adjusted analyses were car-
ried out with robust logistic regression with the use of
sandwich variance estimators in the STATA 8.2 pro-
gram package (13, 14).

Results

The characteristics of the patients are listed in table 1.
The database contains information on 57 664 women
and 75110 men. Women suffering from myocardial
infarction were older than their male counterparts by an
average of more than nine years (mean) or ten years
(median). Women also more commonly had other ac-
companying illnesses: in particular, the prevalence of
diabetes (38.8% vs. 29.5%) and heart failure (45.0% vs.
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35.2%) was significantly higher in women than in men.
On the other hand, women underwent coronary inter-
ventions and procedures less often than men did: for
example, the figures for therapeutic cardiac catheteriza-
tion with stenting were 31.7% for women vs. 49.6% for
men, while those for aortocoronary bypass were 4.6%
for women vs. 8.1% for men.

Table 1 aso lists the sex-specific distribution of
patients according to their main diagnosis as a four-
position 1CD-10 code. Women were found to have a
relatively lower frequency of transmural posterior wall
infarction than men (18.1% vs. 23.8%), and aso a
dlightly lower frequency of transmural anterior wall in-
farction (22.7% vs. 23.1%). On the other hand, women
were relatively more likely to sustain an acute subendo-
cardial myocardial infarction (37.1% vs. 33.8%) or a
myocardial infarction of an otherwise unspecified type
(13.0% vs. 10.6%).

The number of patients included in the study, the
number of patientsthat died, and the resulting raw mor-
tality ratesare shownintable 2. Thistable alsoindicates
the raw and age-adjusted odds ratios (OR) for mortality
in women versus men at each of the time points for
which mortality datawere collected.

Raw analysis seemed to indicate a markedly higher
mortality for women (e.g., an odds ratio of 1.65 for 30-
day mortality, with a 95% confidence interval [CI] of
1.59 to 1.70). After age-adjustment (by decentiles),
however, the mortality of women and men was seen to
benearly identical (e.g., an oddsratio of 1.00 for 30-day
mortality, with a95% Cl of 0.96 to 1.03).

The age-adjusted probability of survival for theentire
patient group after one year of follow-up was found to
be somewhat higher in women: here, the odds ratio for
mortality at one year was 0.93, with a95% CI of 0.91to
0.96.

To examine the connection between types of acute
myocardial infarction and sex-specific mortality more
closely, we determined the association of sex with 30-
day mortality, after age adjustment, in each of the
myocardial infarction subgroups defined by four-
position ICD-10 codes (figure 1). Women were found
to have a higher mortality from transmural posterior
wall infarction (1211: OR 1.15, 95% CI 1.07 to 1.25)
as well as a mildly, but not significantly, increased
mortality from transmural infarction at an otherwise
unspecified location (1213: OR 1.08, 95% CI 0.95 to
1.23). On the other hand, women had alower mortality
from subendocardial infarction (1214: OR 0.91, 95%
Cl 0.85to 0.97) and from otherwise unspecified types
of myocardial infarction (1219: OR 0.92, 95% CI 0.85
t00.99).

An age-adjusted analysis of different age groups
defined by different threshold valuesis showninfigure 2.
Only in therelatively small group of patients under age
50 (n = 10 311, 30-day follow-up) did women tend to
have a higher mortality in the time period under study
(e.g., OR for 30-day mortality: 1.09, 95% CI 0.85 to
1.40); at oneyear, the higher mortality anong womenin
this age group was statistically significant (OR for one-
year mortality: 1.34, 95% Cl 1.10 to 1.63; see dso
table 2).

MEDICINE

In-hospital mortality, 90-day mortality, and one-year mortality by sex in hospitalized AOK patients (2004-2005)

Raw odds ratio (95% Cl)

Age-adjusted odds ratio*?
(95% CI)

Patients under age 50
Number

Percentage of women
Died

Mortality in percent

Age-adjusted odds ratio*®
(95% CI)

All patients

Number 132774
Percentage of women 43.4%
Died 18517
Mortality in percent 13.9%

1.68 (1.63-1.74)
1.01 (0.98-1.05)

10382
17.7%
339
33%
1.15(0.88-1.51)

132516
43.4%
22135
16.7 %

1.65 (1.59-1.70)

1.00 (0.96-1.03)

10311
17.7%
433
42%
1.09 (0.85-1.40)

132328
43.5%

27 487
20.8 %
1.69 (1.64-1.74)
0.9 (0.95-1.02)

10278
17.7%
484
47%
1.10 (0.87-1.38)

130 161
434%
36611
28.1 %

1.73(1.68-1.77)

0.93 (0.91-0.96)

10019
17.7%
603
6.0 %
1.34(1.10-1.63)

*1 Patients whose insurance status was unclear at the end of follow-up were excluded.

*2 Age stratified by decentiles

** Age in years

Men were taken as the reference population for statistical purposes, i.e., an odds ratio greater than 1 indicates a higher mortality among women, an odds ratio of 1 indicates
equal mortaliy among men and women, and an odds ratio less than 1 indicates a lower mortality among women.
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Main ICD-10 diagnosis (number of patients)

The age-adjusted* odds ratio of women versus men for 30-day mortality after acute
myocardial infarction for each four-position ICD-10 code, AOK patients, 2004-2005
* adjusted by age in decentiles.

Men were taken as the reference population for statistical purposes, i.e., an odds ratio greater
than 1 indicates a higher mortality among women, an odds ratio of 1 indicates equal mortality

among men and women, and an odds ratio less than 1 indicates a lower mortality among
women.

1210: acute transmural anterior wall myocardial infarction, 1211: acute transmural posterior
wall myocardial infarction, 1212: acute transmural myocardial infarction at other locations,
1213: acute transmural myocardial infarction at an unspecified location, 1214: acute subendo-
cardial myocardial infarction, 1219: acute myocardial infarction, not otherwise specified

Discussion

This article is the first nationwide analysis of the
connection between sex and survival after hospital
admission for myocardial infarction, with complete
registration of all AOK-insured cases occurring across
Germany during the study period. Unlike previous Ger-
man studies, this study was based on data derived from
hospital bills, whose usefor scientific purposeshasbeen
rarein Germany until now. Wewill therefore discussthe
positive features and drawbacks of these dataand of the
analytical techniquesthat we chose to apply before pro-
ceeding to an interpretation of their content. The adopt-
ed analyses were chosen based upon our longstanding
experience in dealing with secondary data of this type

(15).

Data validity and depth (comprehensiveness)

The data employed here were mainly collected for the
purpose of obtaining reimbursement for hospitaliza-
tions, rather than for epidemiological studies of patient
care. They therefore contain less clinically detailed
information than aclinical registry would. For example,

the modification of the ICD-10 that is currently in use

in Germany does not reliably distinguish between an
ST-segment elevation myocardia infarction (STEMI)
and a non-ST-segment elevation myocardial infarction
(NSTEMI). Rather, most NSTEMIs will probably
be coded as subendocardial infarctions (ICD-10: 1213).
A consequence of this is that the types of myocardial
infarction that are included in German registries are
usually more narrowly defined than in the present study

(24, 6, 8-10, 16).

On the other hand, hospital bills for inpatient treat-
ment are subjected to thorough checking for validity by
the health insurance carriers to which they are submit-
ted, and by the AOK in particular. Furthermore, these
data have also been thoroughly checked by the insur-
ance carriers medical servicesever sinceaDRG (Diag-
nosis Related Groups) based system was adopted in
Germany, and they can thus be assumed to be valid with
arelatively high degree of assurance. In addition, only
those main diagnoses usually considered to be especially
reliable were used as inclusion criteria. It thus seems
unlikely that the results have been distorted to any rele-
vant degree by the erroneous coding of diagnoses.

Practically identical results are found when recurrent
myocardial infarction (ICD-10 code 122) is considered
intheanalysisaswell (theseresultsare not shown here).
This study provides no information on events occur-
ring before hospital admission. The analyses of the
MONICA/KORA myocardial infarction registry in
Augsburg, which did take the relevant pre-hospital
mortality into account, did not show any elevation of
mortality anong women in 2001 to 2003.

Selective AOK sample

In comparison to other German registries, the patientsin
this sample were found to have a higher prevalence of
accompanying illnesses, a higher rate of intervention,
and ahigher mortality. Thismay be due, on the one hand,
to differing case definitions, and on the other hand to the
fact that the AOK samplewasrelatively older on average,
and aso more heavily burdened with accompanying
illnesses. A detailed comparison of the AOK data with
data from other German and international registries can
be found in the final report of the joint project entitled
"Quality Assurance of Inpatient Care with Routine Data"
(Qualtitétssicherung der stationdren Versorgung mit
Routinedaten) (17). Theexisting differences between the
AOK sampleand theregistry samples, however, probably
had no significant effect on the sex differences that
were found in the present study, because this study only
compared women in the AOK patient collective with
men inthe AOK patient collective.

Risk adjustment

Thisbeing said, it must be assumed that theAOK patient
collective analyzed here is more socially homogeneous
than the study populations of the myocardial infarction
registries. Therefore, it might be the case, for example,
that anincomplete risk adjustment by social classin pre-
vious studies|ed to an overstatement by those studies of
the effect of sex on mortality after acute myocardial
infarction. A similar mechanism was recently discussed
as apossible explanation of divergent study findings on
the cardiovascular effects of postmenopausal hormone
therapy (18, 19).

In the data analysis presented in this paper, risk
adjustment was performed only for age, and not for any
other risk factor. It has been reported, however, that
women with myocardia infarction have, on average,
more comorbidities than men (3, 4, 8, 9, 11), and our
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results also show a trend in this direction (table 1). It
follows that an analysis that additionally adjusted for
comorbidity would be expected to show alesser degree
of excess mortality for women (8).

The possibility cannot be excluded that accompany-
ing illnesses might be sought, discovered, and coded
with unequal thoroughnessin male and femal e patients.
Thus, one might speculate that relevant risk factors for
myocardial infarction would be better documented in
men than in women because the treating physicians had
a greater expectation of finding these risk factors, or a
greater tendency to ascribe pathogenetic significance to
them, in male than in female patients. If these differently
documented riskswerethen used asdatainputsin arisk-
adjusted model, amajor distortion of the analysiswould
likely result (20), because risk adjustment means that
interindividual comparisonsare made only between per-
sons who (apparently) belong to the samerisk category,
according to the data that are obtained. In the situation
discussed here, a mechanism of this type would tend to
lead to an underestimation of women's risk-adjusted
mortality. Because we could not rule out the presence of
this type of sex-specific reporting bias in our own data
(asin many previous studies), we chose not to perform
risk adjustment according to accompanying illnessesin
the present analysis.

It turns out, however, that the data. on which we based
thisstudy in fact yield practically identical resultsif risk
adjustment is performed, either for relevant and pre-
sumably pre-existing accompanying illnesses (17) or
for the four-position |CD-code subgroups for the main
diagnosis (these results are not shown here).

We did not perform risk adjustment based on data
concerning interventions that were performed during
the inpatient hospitalization, because this would have
been methodologically unsound (21).

Broader inclusion criteria

The present study employed broader inclusion criteria
than the previous German studies. For example, we
included not only STEMI and NSTEM I, but also infarc-
tions that might theoretically have occurred as long as
28 days previously. Thus, myocardial infarctions that
might not even have been noticed at the time of admis-
sion still ended up being included in the analysis. It can
also be assumed that some myocardia infarctions that
occurred only after the patient was admitted to the hos-
pital were coded with 121 as the main diagnosis on
discharge. It is thus no surprise that our database con-
tains data on more patients than the above-mentioned
registries (24, 6, 8-10, 16).

The potential selectivity of hospital-based registries

The German clinical registries of myocardial infarction
mostly depend on the voluntary participation of cooper-
ating hospitals and thus do not necessarily achieve total
coverage. For example, selective transfer practices, or
selective ambulance transport of patients with myo-
cardid infarction to one hospital or another, might easily
distort the results.
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0dds ratio and 95% CI
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The age-adjusted*! odds ratio of women versus men in different age groups for 30-
day mortality after acute myocardial infarction for each four-position ICD-10 code,
AOK patients, 2004-2005

*1 adjusted by age in years. Men were taken as the reference population for statistical purposes,
i.e., an odds ratio greater than 1 indicates a higher mortality among women, an odds ratio of 1
indicates equal mortality among men and women, and an odds ratio less than 1 indicates a
lower mortality among women.

*2 Each age group includes the age groups further to the left, e.g., the "<50" age group includes
all patients under age 50 and thus contains within it the "<40" age group, etc.

Patient course, follow-up, cost of data collection

Our data analysis in this study took account of inten-
tional or even accidental patient-transfer chains. By
addressing the question of mortality at one year, it
provided long-term follow-up information derived from
a collective of more than 130 000 patients. Such infor-
mation would presumably be available only to an
incompl ete extent from the traditional German hospital-
based registries, or elseit could be obtained only at con-
siderable expense.

Conclusions
Our use of aroutinely generated, nationwide database for
epidemiological purposes enabled us to address the
question of mortality frommyocardia infarctionwith data
from a larger number of hospitals than were included in
any other study ever performed on this subject in Ger-
many. Theinclusion criteriaare wider than in the clinical
registries, yet they till only cover situations that come
under the heading of acute myocardial infarctionin gener-
a medical parlance. The type of risk adjustment that we
performed can be considered robust, i.e., not vulnerableto
sex-gpecific miscoding of comorbidities. Because of the
type of risk adjustment that we performed, the data analy-
sisin this study was less likely to miss any truly elevated
mortality from myocardid infarction among women than
an analysisthat additionally adjusted for comorbidities.
From the foregoing critical considerations, the
following points emerge:
® After adjustment for age, the sex of the patient was
not found to have any influence on the short-term
survival rate of persons hospitalized for an acute
myocardial infarction of any type (i.e., al types
taken together).
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o \Women were found to have ahigher mortality after
transmural posterior wall infarction (ICD 1211), but
a lower mortality for subendocardia infarction
(ICD 1214) and otherwise unspecified acute myo-
cardial infarction (ICD 1219). Theseresults must be
viewed with caution, however, because the
"remainder categories' (ICD 1213 and ICD 1219)
are both large and non-specific.

e In the overal patient collective, women had a

higher one-year survival than men.

® Among patients under 50 years of age, women had

a dlightly higher mortality than men, particularly
after one year of follow-up.

To explain the last finding, one might suppose that
myocardial infarction wasless commonly diagnosed on
presentation among women under 50 than among men
under 50, because younger women are not expected to
havethis condition. The same may well betrue of trans-
mural posterior wall infarction: this type of myocardial
infarction isfrequently associated with lesstypical, e.g.,
abdominal, symptoms and with non-diagnostic ECG
findings, particularly in cases of arterial occlusioninthe
circumflex branch distribution.

If this is true, however, the question must still be
asked why women were found to have alower mortality
for subendocardial infarction (1CD 1214) and otherwise
unspecified acute myocardia infarction (ICD 1219).
A recent, mgjor clinical study provided a critica
reassessment of early and aggressive catheterization-
based treatment: even though thisis currently the stan-
dard practice internationally and has been extensively
documented, it brings with it additional, prognostically
relevant risksincluding hemorrhage and post-procedural
myocardial infarction (22). Perhaps women whose true
diagnosis of acute myocardia infarction is initialy
overlooked might actually benefit from this in some
cases, because they are treated conservatively, rather
than aggressively (23, 24).

Our analysis of the data does not support the hypo-
thesisthat women suffering from acute myocardial infarc-
tion in Germany receive poorer in-hospital care than men.

Of course, it could still be the case that, after age
adjustment, women and men tend to have myocardial
infarctions of differing degrees of severity, as well as
accompanying illnesses of differing degrees of severity.
It is not possible, however, to solve the problem of dif-
fering initial risk for the endpoints under consideration
by performing a simple risk adjustment for a few
comorbidity variables that are assessed at the time that
theinfarction takes place (20, 21). The question whether
women receive worse care for acute myocardial infarc-
tion than men cannot be fully answered by the observa-
tional studies that have been carried out to date. Rather,
randomized, controlled interventional studies are neces-
sary to answer this and other questions (25). For exam-
ple, aset of hospitals (or regions) could be selected and
randomly divided into two groups (" cluster randomized
trial"): in one group, medical personnel would be given
specialized training with an emphasis on gender-rel ated
aspects of the diagnosis and treatment of myocardial

infarction, while this emphasis would be omitted in the
other group. If training of this type indeed has a benefi-
cial effect, then any differencesin the outcomes of male
and female patients ought to be smaller in the first

group.
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