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Original article

Hospital admission rates and case-fatality for cardio-
vascular diseases in Western Norway, 1992-2001

Abstract

Background. The Western Norway
Cardiovascular Registry was estab-
lished to facilitate epidemiologic
research on a national level before the
recent advent of the Norwegian Patient
Register with personal identification.
Hospital admission rates, and case-
fatality were compared with regional
mortality rates for cardiovascular
diseases.

Material and methods. The register
contains data on 231 857 patients
with cardiovascular diseases or dia-
betes mellitus admitted to hospitals
in Western Norway (Rogaland, Horda-
land and Sogn og Fjordane) 1972-2002.
The hospital data were supplemented
with data from the Norwegian Causes
of Death Register (personal identifi-
cation number was used to link up the
information).

Results. The admission rates for car-
diovascular diseases increased mode-
rately in Western Norway from 1992
through 2001. At the same time a mar-
ked reduction was seen in mortality
rates for these diseases. For acute
first-time myocardial infarction, the
admission rates decreased slightly
from 1992 through 2000, and then
increased in 2001. Case-fatality from
acute infarction was substantially
reduced throughout the decade, most
notably for those aged 65 years or
more. Among those who died of acute
infarction the first 24 hours, the frac-
tion who died outside of hospital was
high (78.3 %).

Interpretation. Hospital admission
rates for cardiovascular diseases do
not parallel the simultaneous decrease
in mortality rates. The Regional Regis-
ter of Cardiovascular Diseases demon-
strates the possibilities for etiological
research and the limitation of mortality
statistics alone.
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Since 1970, cardiovascular mortality (box 1)
has decreased with more than 50 % in Nor-
way and other Scandinavian countries (1, 2).
A combination of several factors may have
contributed to fewer patients acquiring
disease (prevention) and/orfewer deaths
(treatment) (2).

Until recently, Norway has been the only
Nordic country that has not had a national
patient register with personal identification,
where diagnoses from hospital stays could
be registered. This has constituted a serious
hindrance to both aetiological research
and quality assurance of health services, and
is an explanation for lack of knowledge
on cardiovascular morbidity in Norway (3,
4). In order to obtain good quality data
on incidence and frequency of these dis-
eases, The Western Norway Cardiovascular
Registry (WENOCARD) was established
(www.uib.no/hks/).

In this article we use data from WENO-
CARD (for 1992-2001) to analyse changes
in cardiovascular mortality rates in the light
of incidence changes of these diseases (as
measured by hospital admission rates). We
present the overall rates for diseases in the

circulatory system and specifically for acute
myocardial infarction (AMI). Case-fatality
rates for AMI both out-of-hospital and after
admission (box 1) are also shown.

Material and methods

WENOCARD has retrieved patient admi-
nistrative data directly from the somatic hos-
pitals in Western Norway (Rogaland, Hor-
daland and Sogn og Fjordane) and mortality
data from the Norwegian Causes of Death
Register at Statistics Norway.

WENOCARD

In 1999, the WENOCARD project was
granted dispensation from confidentiality
rules by the Norwegian Board of Health
Supervision, concession from the Data
Inspectorate, and approval from the Regio-
nal Committee for Medical and Health
Research Ethics (REK West) to establish a
historic register for hospital admissions for
cardiovascular disease in the Western Nor-
way Regional Health Authority (RHA). The
register is defined as a research project and
has no concession for continuous data col-
lection.

Data collection

and requirement specifications

Patient administrative data were collected
for all persons admitted to a hospital in
Rogaland, Hordaland and Sogn og Fjordane
(Western Norway RHA [RHA West]) with a

Main message

= Until recently, Norway has been the
only Nordic country that has registered
diagnoses from hospital stays in patient
registers without person identification.
The Storting has recently passed an act
that will render the Norwegian Patient
Register personidentifiable.

m WENOCARD was set up for epidemiolo-
gical research.

m Mortality rates for cardiovascular
disease have declined in the period
1992-2001, but the admission rates
for cardiovascular disease have not.

m WENOCARD shows the possibilities
for aetiology research of diseases in the
circulatory system in the Norwegian
population.



Box 1

Mortality/mortality rates: number of AMI
deaths per 100 000 inhabitants in the
course of a defined time period, usually
ayear.

Case fatality rate: Number of persons
diagnosed as having a specified
disease (e.g. AMI) who die as a result of
that illness within a given time period
(e.g. 28 days) among all persons dia-
gnosed with that illness (A measure-
ment of prognosis expressed as a per-
centage).

registered diagnosis or procedure code relat-
ed to cardiovascular disease or diabetes,
dating back to when the various hospitals
began to register data and continuing to
1 July 2002. Admissions with the following
diagnoses (primary and secondary) codes
have been counted: diseases of the circula-
tory system (International Classification of

Diseases ICD-8/9: 390—-459; ICD-10: 100-
199) and diabetes (ICD-8/9: 250; ICD-10:
E10-E14).

When the diagnostic criteria have been
met, information has been retrieved for all
subsequent hospital stays whatever the diag-
nosis. For most hospitals the data material
goes back to the 1980s. Haukeland Univer-
sity Hospital has data as far back as 1972,
but data from Haraldsplass Hospital only go
back to 1991 and those from Nordfjord Hos-
pital to 1992. During the period 1972—-2002
there have been different systems of patient
administration at these hospitals and differ-
ent means of classifying diagnoses and
medical procedures. This has led to a time-
consuming comparison and quality assur-
ance of data from the various hospitals. We
have, for example, validated information
in WENOCARD against the Norwegian
Patient Register.

Validation against

the Norwegian Patient Register

We have compared admissions and proced-
ures related to cardiovascular disease in the

period 1999-2001 registered in WENO-
CARD, with corresponding information
(anonymously registered) in the Norwegian
Patient Register for admitted patients living
in Rogaland, Hordaland and Sogn og Fjor-
dane. There is almost perfect agreement be-
tween data in WENOCARD and the Nor-
wegian Patient Register for most diagnoses.
For primary diagnoses in the category «dis-
eases of the circulatory system» (100-199),
discrepancies in the number of admissions
are less than 3 % for all the hospitals, except
for those in Nordfjord and Lerdal (4.8 % of
the total material), where WENOCARD
lacks information about 19 % of the admis-
sions in Nordfjord and 54 % of those in Leaer-
dal in 1999. If we also include secondary
diagnoses, the discrepancy is less than 2 %
for all hospitals in the period 1999-2001.
The existence of personal identification
numbers has enabled us to link information
from the Causes of Death Register to all reg-
istered persons up to and including the year
2002. Such linkage was not possible to per-
form with the anonymous information in the
previous Norwegian Patient Register.
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Figure 1 Age-standardized mortality rates for diseases in the circulatory system (top row] and AMI (bottom row]: for the entire country; for RHA
West; for each county (Rogaland, Hordaland, Sogn og Fjordane); for men, women and both sexes combined. Based on data from Statistics Norway
and WENOCARD 1992-2001




Table 1 Cardiovascular disease and diabetes in Rogaland, Hordaland and Sogn og Fjordane (RHA West). Primary diagnoses and procedures
on hospital admission 1972-2002 registered in WENOCARD

No. of registered  No. of persons No. of No. of
persons with with a procedure No. of primary diagnoses  procedure codes
a primary code [not primary 390-459 (not

Hospital Period diagnosis out-patients) diagnoses and 100-199 out-patients)
Haukeland University Hospital 1972-2002 108 965 57 717 420 863 138 057 226 431
Haraldsplass Deaconal Hospital 1991-2002 26 194 8 748 52 835 21118 18 792
Stord Hospital 1989-2002 10 245 4205 32 871 11 447 8774
Voss Hospital 1989-2002 7170 3254 18 946 7832 8 899
Odda Hospital 1988-2002 5400 3195 15157 6195 6584
Hordaland total 128 859 69 592 540 672 184 649 269 480
Sogn and Fjordane Central Hospital, Ferde 1986-2002 17 997 8222 60 505 18 221 23 476
Leerdal Hospital 1988-2002 6061 2871 16772 6793 6543
Nordfjord Hospital 1992-2002 4964 2 043 12 674 4806 4553
Sogn and Fjordane total 26 555 12 498 89 951 29 820 34 572
Haugesund Hospital 1986-2002 22739 11019 79 588 28 920 29196
Stavanger University Hospital 1980-2002 67 558 33 474 242768 82393 119 579
Rogaland totally 87 639 46 653 322 356 111313 148 775
Total 231 857 122 255 952 979 325782 452 827

Case ascertainment

Admission numbers for each year of dis-
charge, by hospital and county, were coun-
ted for each discharge diagnosis group. Out-
patient diagnoses were not included. In cer-
tain cases the patient has had two hospital
stays where the admission date for the sec-
ond stay has been the same as the discharge
date for the first stay. We have chosen to
interpret this as the patient having been read-
mitted the day of discharge, and we count
such cases as two separate admissions. If a
patient has been moved from one hospital to
another, the admission is counted for both
hospitals. Table 1 shows that there are 231
857 patients in WENOCARD. Some of the
patients have been admitted to several hospi-
tals so that the total sum is lower than the
sum of the number of patients at each hos-
pital. One or more procedures have been
registered for a total of 122 255 patients. The
database has 952 979 registered primary dia-
gnoses and among these 325 782 have codes
designating cardiovascular disease.

In this article we have focused on diseases
of the circulatory system, ischaemic heart
disease (ICD 8/9: 410-414; ICD-10: 120-
125) and acute myocardial infarction (AMI)
(ICD 8/9: 410; ICD-10: 121-122). For AMI
we have tried to distinguish between first-
time heart attacks and repeat attacks, as
WENOCARD has longitudinal data on indi-
vidual patients. First-time heart attacks are
defined as the first registered admission with
AMI (ICD 8/9: 410 and ICD-10: 121-122)
as the primary or secondary diagnosis in
WENOCARD, or with the same diagnosis
codes registered as the underlying cause of
death in the data from Statistics Norway.
The ICD 10 codes 121 (first-time AMI) or
122 (repeat AMI) were first used in 1999.
This means that we have at least seven years’

observation time in the register (1992—98)
to detect any previously registered heart
attack. Knowledge of repeated events in the
register led to a reclassification of heart
attacks; 3.1 % of first-time heart attacks had
been coded wrongly as code 122, and 9.6 %
of repeat attacks as 121.

The incorrect use of infarction codes 121
and 122 is also confirmed by a current valid-
ation project at the Department of Cardio-
logy, Haukeland University Hospital. For
codes 412/125.2 (old myocardial infarction)

we have chosen to keep the classification
repeat heart attacks even if the diagnoses
were registered before or together with the
first registration of an acute infarction in
WENOCARD. The patient could have had
their first attack before the start of complete
registration in WENOCARD in 1992. A
new admission with heart attack occurring
more than 28 days after the first attack was
defined as a repeat attack, while a new
admission with the diagnosis AMI within 28
days after a previous acute infarction did not

Table 2 Age-standardized case-fatality of first-time acute myocardial infarction (AMI) by age for
men, women an both sexes combined in RHA West registered in WENOCARD 1992-2001

Total (> 35 years)

1992 2001
Day 0-27, all registered’
Total 43.5 32.6
Men 44.5 32.7
Women 42.4 32.6
Day 1-27, hospitalized
Total 22.6 19.2
Men 24.0 19.4
Women 22.5 18.8
Day 0, all registred’
Total 28.9 17.4
Men 29.0 17.5
Women 27.5 17.7
Day 0, hospitalized
Total 8.0 4.4
Men 7.4 3.7
Women 8.7 5.1

35-64 years > 65 years
1992 2001 1992 2001
19.6 15.6 50.7 37.8
19.6 14.9 52.1 38.1
213 18.3 48.8 36.9

4.7 4.4 28.1 23.7
3.9 4.4 30.1 23.9
10.2 4.7 26.2 23.1
15.6 11.8 33.0 19.1
16.3 111 32.9 19.4
12.3 14.3 32.1 18.8
4.0 2.3 9.3 5.0
3.6 2.2 8.5 4.2
6.0 2.8 9.5 5.8

" The sum of all hospitalized AMIs based on data from WENOCARD and all fatal AMIs without hospitalization

based on data from the Causes of Death Register
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Figure 2 Age-standardized hospital admission rates per 100 000, by county for men, women and both sexes combined for diseases in the circulatory
system (top row] and ischaemic heart disease (bottom row] as primary diagnoses. Standard population is defined by Norwegian Standard 2000. Source:

count as a new AMI. We assumed that the
coding of the infarction represented the
event for the previous admission, as pro-
vided for according to ICD-10.

Admission rates

County admission rates are defined as the
number of admitted patients with a perman-
ent residence in Rogaland, Hordaland and
Sogn og Fjordane per 100 000 inhabitants
in these counties per year in the period
1992-2001. Information on the population
was given by Statistics Norway. The rates
are age-adjusted with the Norwegian popu-
lation in the year 2000 as the standard popu-
lation.

Mortality rates

The mortality rates for Norway and for Ro-
galand, Hordaland and Sogn og Fjordane for
the period 1970—-2002 are from the Norwe-
gian Causes of Death Register. We have cal-
culated mortality rates per 100 000 inhabit-
ants and age-specific rates in 5-year age
groups (0—4; 5-9; ...; 95-99; 100+) for
men and women within the various geo-
graphical areas. We have calculated the age-

4

adjusted mortality rates for both sexes com-
bined and for each sex separately by using
the mean population of Norway at the begin-
ning and at the end of the year 2000 divided
into 5-year age groups as a standard popula-
tion (direct age-adjusted mortality rates).
Combined rates and sex-specific rates in 5-
year age groups have been weighed against
the same standard population and summa-
rized for all age groups.

Case-fatality for acute myocardial infarction
We have calculated the case-fatality rates for
first-time AMI for persons 35 years or older.
The calculations have been done separately
for hospitalized cases and for all registered
cases. The term «all registered myocardial
infarctions» includes the sum of all hospital-
ized cases based on WENOCARD informa-
tion and all fatal cases without hospitaliza-
tion based on data from the Causes of Death
Register. Case-fatality was calculated from
Day 0 (acute case-fatality), for the interval
0-27 days (total 28-day case-fatality)
and for the interval 1-27 days where we
excluded those who died without being
admitted or died in hospital on the day of the

heart attack. Case-fatality, expressed as a
percentage, has been calculated for men and
women in the age groups 35—64 years and
> 65 years and are directly age-adjusted with
the number of infarction cases in RHA West
in the year 2000 in 10-year age groups as the
standard. We also calculated the proportion
of prehospital deaths on the day of the heart
attack among all deaths registered as AMI
the first day, and among all deaths on the day
with registered myocardial infarction within
28 days.

Results

Mortality rates for diseases

in the circulatory system

Age-standardized mortality rates for dis-
eases in the circulatory system showed a
clear decline in RHA West as well as in Nor-
way as a whole (fig 1, top row). In 1970 the
rate for both sexes combined in RHA West
was 675 per 100 000 inhabitants. It fell to
370 per 100 000 inhabitants around the year
2000. We observed a corresponding decline
in rates for Rogaland and Hordaland. Sogn
og Fjordane had a lower rate at the start in
1970, 574 per 100 000, but the same rate
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Figure 3 Age-standardized hospital admission rates per 100 000 for AMI (top row] as primary or secondary diagnosis and first-time AMI
[bottom rowl, by county for men, women and both sexes combined . Standard population is defined by Norwegian Standard 2000. Source:

around the year 2000 as in the other two
counties. Men had higher mortality rates
than women throughout the whole observa-
tion period. We saw a corresponding halving
of'the rates for AMI throughout the same 30-
year period (fig 1, bottom row).

Admission rates for diseases
of the circulatory system
Age-standardized rates for admissions due
to diseases in the circulatory system showed
a weak but even increase for RHA West
totally (fig2 top row), but was mainly
explained by a more than 50 % increase in
admission rate for Sogn og Fjordane. For the
other two counties the rates were stable:
about 2 000 per 100 000. The rates for men
and women showed a corresponding pattern,
although the rates for men were higher. The
admission rates for ischaemic heart disease
showed a weak reduction in Rogaland and
Hordaland, but in Sogn og Fjordane there
was a slight increase for ischaemic heart
disease (fig 2, bottom row).

In the period 1992-2000, there was a
decline in the rates for first-time AMI as a
primary or secondary diagnosis (fig 3, bot-

tom row), from 242 admissions per 100 000
for both sexes combined to 202 per 100 000.
This trend was seen in all the geographical
areas but was less marked in Sogn og Fjor-
dane, which had a lower rate in 1992 (155
per 100 000) than in 2001 (232 per 100 000).
In general, it seems as if the reduction in
admission rates for heart attacks was greater
for men. In 2001 there was a slightly higher
admission rate.

Case-fatality for first-time AMI

Case-fatality among patients with first-time
AMI in RHA West declined in the period
1992-2001 (fig 4, tab 2). Case-fatality
within 28 days declined from 43.5% to
32.6 % (fig 4a). Equivalent data, by sex and
age, showed that the improvement in prog-
nosis was primarily in the age group > 65
years. Case-fatality for days 1-27 was low
and unchanged throughout the period for
hospitalized middle-aged patients: 4.7 %
and 4.4 %. It showed a weak decline among
the oldest patients: from 28.1% to 23.7%
(fig 4b). Case-fatality the actual day of
infarction for all registered cases throughout
these 10 years, was reduced from 28.9 % to

17.4 % (fig 4c). There was less alteration in
case-fatality for hospitalized patients: from
8.0 % to 4.4 % (fig 4d).

The proportion of fatal first AMIs within
24 hours that were out-of-hospital (not
shown in figures or tables) was unchanged
from 1992 to 2001 (78.3 % to 78.3 % ). This
proportion was high both in the age group
35-64 years (77.8 % to 82.2 %) and 65 years
and older (78.5% to 76.9%). If we use
number of all deaths within the first 28-days
after infarction, 53.4 % died out-of-hospital
the day of infarction in 1992 and 44.5% in
2001. This proportion was high and un-
changed for middle-aged patients (62.3 % to
62.4 %), but it was lower and showed a
decline for the oldest patients (50.7% to
39.1%).

Discussion

Data from WENOCARD for 1992-2001
show that whereas the mortality rates for
AMI fell dramatically, the admission rates
for AMI declined less. AMI case-fatality
was reduced for hospitalized patients the
first 28 days, but there was little change in
case-fatality on the actual day of infarction.
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Figure 4 Age-standardized case fatality rates for first-time acute myocardial infarction [AMI]

(a) all registered cases 0-27 days; (b] hospitalized cases 1-27 days; [c] all registered cases day 0;
(d] hospitalized cases day 0. [First-time AMls are the sum of all registered first-time hospitalized
AMis from WENOCARD 1992-2001 and fatal outpatient AMls from the Causes of Death Register).

Incidence and mortality

The decreasing mortality rates for diseases of
the circulatory system in general and for
AMI in Norway and in RHA West corre-
spond with equivalent declines observed in
the other Nordic countries (1, 5—7) and other
North European countries (www.who.dk/
hfadb). The decline can probably be attribut-
ed to a combined effect of changes in inci-
dence and prognosis, but the size of the con-
tributions from prevention, improved emer-
gency treatment and secondary prophylaxis
is still being discussed (6, 7).

In WENOCARD we found that the ad-
mission rates for diseases in the circulatory
system (entered as primary diagnosis) did, in
fact, increase somewhat during the observa-
tion period 1992—2001. The rates for admis-
sion with ischaemic heart disease and AMI,
however, showed a marked decline. If we
included ischaemic heart disease as a sec-
ondary diagnosis, the incidence increased in
the observation period (not shown in the fig-
ures). Presumably, better emergency treat-
ment and secondary prophylaxis has led to
the patients living longer with the disease
and in connection with admission for anoth-
er disease, a cardiovascular diagnosis was
registered. We can therefore expect that the
prevalence of cardiovascular disease will
increase in the years ahead.

The decline in admissions for first-time

AMI (based on figures in WENOCARD)
corresponds well with the only population-
based study of hospitalized AMI patients in
Norway (8). However, the authors, who
based their study on data from the anonym-
ous Norwegian Patient Register 1991—
2000, were not able to distinguish between
first-time AMI and repeat attacks. Moreo-
ver, AMI-related deaths occurring outside
hospital were not included. The true inci-
dence of first-time AMI could not be calcu-
lated. The increase in AMI admissions from
the year 2000 in our study can be explained
by introducing new diagnostic biomarkers in
the diagnostic criteria from 2000. A number
of patients admitted with acute chest pain
had in fact suffered an infarction according
to the new biomarkers (9). Updating the
register from 2001 will show whether there
was a true increase in AMI admissions. In
Sogn og Fjordane we found an increase in
AMI admissions throughout the entire ob-
servation period 1992—2001. This may per-
haps be explained by differences in lifestyle
as well as treatment between the three coun-
ties in the beginning of the 1990s.

AMI| case-fatality

By including out-of-hospital AMI deaths,
we could calculate prehospital and in-hos-
pital case-fatality for AMI. In the period
1992-2001 there was little change in 1-27-

day case-fatality for the youngest patients
(35—-64 years), from 4.7 % to 4.4 %, but it
was reduced by 16 % in the oldest patients
(= 65 years). Days 1-27 reflect, to a large
degree, changes in emergency treatment and
secondary prophylaxis. Although the acute
case-fatality on the infarction day is epide-
miologically important, it has been claimed
that case-fatality post-infarction day is a bet-
ter measure for comparing changes over
time and between countries (10). Validation
studies from neighbouring countries such as
Finland, Denmark and Sweden (11, 12) have
clearly shown that infarction diagnoses as-
certained from patient registers are largely in
agreement with data validated in specific
projects such as the MONICA studies (13).

The proportion of out-of-hospital AMI
deaths is higher in the age group 35-64
years, even if the data are less certain be-
cause of the lower number of infarctions.
Our data are largely in agreement with stu-
dies from other countries (6) and underline
that AMI case-fatality in young people can
be reduced through prevention and better
emergency treatment. The reduced case-
fatality seen in Finland was the results of
fewer deaths outside hospital (6), while
similar data from Sweden also indicate
improved survival after hospitalization (14).

A change in case-fatality may also be due
to changing diagnostic criteria. Recent data
from Finland and other countries indicate
that the use of new biomarkers (troponin I/
T), combined with a new definition of AMI,
increases the registered incidence of AMI by
up to 80 % (15). Patients with registered in-
farction according to the new criteria were
often older and had diabetes. They had less
ST elevation requiring thrombolysis or pri-
mary percutaneous coronary angioplasty
and about 60 % higher one-year case-fatality
compared to patients diagnosed according to
both the new and old criteria. The higher
case-fatality among these AMI patients cor-
responds only partly with the results from
two English studies (16, 17). It should be
noted that the proportion treated with revas-
cularization was low in the Finnish study,
which included patients in the period
1997-2002.

Person-identifiable disease register

Our work illustrates the possibilities of
patient follow-up in a person-identifiable
disease register. For example, an AMI can
be classified as first-time or repeat attack,
and the proportion of patients dying from
disease can be calculated (case-fatality).
Neither the Norwegian Patient Register nor
the Causes of Death Register provide fully
adequate data for quality assurance, aeti-
ology and surveillance of cardiovascular
diseases, which are among the most preva-
lent diseases in Norway. The Norwegian
Patient Register currently receives consecu-
tive data from all patient administrative data
systems in hospitals. Until now, this nation-



wide register has not been person-identifia-
ble, as it is in Denmark («Landspatientregis-
teret») and Sweden («Slutenvéardsregiste-
rety). It has not been possible to link
information on anonymous data in the Nor-
wegian Patient Register internally in the
register or externally to the Causes of Death
Register. So, in Norway, we have not been
able to follow the same patient through more
than one admission or hospital, or know if
the patient died as a result of the disease or
treatment or for some other reason. In the
future, such follow-up will be possible be-
cause the Storting (Parliament) has decided
that the Norwegian Patient Register shall be
a person-identifiable disease register.

WENOCARD was set up to obtain new
knowledge about cardiovascular disease.
The register provides good aetiological out-
come data for follow-up of cohorts in the
general population (18) or as a part of med-
ical quality registers, and it gives important
epidemiological information about preva-
lence, incidence, treatment and prognosis
after for example AMI (4).

Conclusion

We find a decline in mortality rates for car-
diovascular disease concomitant with un-
changed hospital admissions for the same
diseases in the same period. This may partly
be due to changes in diagnostic criteria for
AMI, a lower threshold for admissions and/
or the increasing prevalence of cardiovascu-
lar disease resulting from better treatment.
These first results from WENOCARD show
the possibilities for aetiology research with-
in diseases of the circulatory system in the
Norwegian population, and for quality con-

trol and planning of treatment capacity at the
individual hospitals.
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