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We are eleven siblings.

Ten have angina. Five have died from it.
I'm the second youngest.

Don'’t have angina yet.

Finnmark Study Participant
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1. GENERAL BACKGROUND
1.1 The scope of the problem

Cardiovascular diseases

Cardiovascular diseases account for
approximately half of all deaths in
western countries and have constituted a
major cause of premature death in
Norway for several decades. Large
secular vaniations in  cardiovascular
mortality rates have been observed. A
slight increase in  cardiovascular
mortality in both genders during the
first part of the century was followed by
a marked decline during World War 11}
There was a dramatic increase in
mortality rates that started immediately
after the war' and continued through the
1960s® The increase was largely
confined to coronary heart disease, and
was more pronounced in men than in
women. After 1970, cardiovascular
mortality in middle-aged subjects has
declined and is now lower than in the
ealy 1950s. The decline has largely
been attributed o dietary changes and
the concurrent decline in average serum
cholesterol.?

Regional mortality data became
available around 1960 and revealed
large  countywise  differences in
coronary and cerebrovascular mortality.
Finnmark County has had the highest
cardiovascular mortality since then ™
aithough secular trends have more or
less paralleled the country as a whole.”
The reasons for the geographical
variations in cardiovascular disease are
not completely understood. From
repeated surveys in Norwegian counties,
it is known that the distribution of some,
but not all, classic coronary risk factors
are more unfavourable in Finnmark.®’
According to Tverdal,® most of the
countywise difference in cardiovascular

mortality can be explained by serum
total cholesterol, which is higher in
Finnmark than in other counties.® Seram
cholesterol is strongly associated with
the total amount and composition of
dietary fat.” However, in an ecological
study, a correlation was observed
between previous infant mortality and
current  average serum  cholesterol
among adult men,” and subjects who
presumably did not reach their growth
potential in late fetal life had higher
serum cholesterol than others at the age
of 50 years.!  Thus, the key to
understanding of the nature and the
epidemiology of cardiovascular diseases
may be found in a combination of the
past and the present.

Diabetes mellitus

Diabetes mellitus is a heterogeneous
group of disorders that share a tendency
to chronic hyperglycemia apd to
vascular and renal complications.”? The
two major subtypes, insulin-dependent
diabetes mellitus (IDDM) and non-
insulin-dependent  diabetes  mellitus
(NIDDM), cannot be distinguished by
therapy, since both may be treated with
insulin.  Diabetes is one of the most
prevalent chronic diseases worldwide,
and NIDDM is estimated to constitute
95% of the prevalent cases.” The
prevalence and incidence of NIDDM is
increasing and has reached epidemic
proportions in some populations -
currentty, the prevalence exceeds 50%
among middle-aged Pima Indians.”
The prevalence of diabetes in Norway is
estimated to be approximately 2%."
While the mcidence of IDDM is lower
in Finnmark than in other Norwegian
counties,” the geographical distribution
of NIDDM has been little investigated.
The prevalence of self-reported diabetes
among young and middie-aged adults



was lower in Finnmark than in counties
in southern Norway in two population
based surveys.'

i2 Cardiovascular diseases and
diabetes are mulfifactorial diseases

Both IDDM and NIDDM are associated
with a twofold to fourfeld increased risk
of cardiovascular diseases, and coronary
heart disease is the most common cause
of death among diabetic subjects.”
Coronary heart disease (CHD) and
cerebrovascular disease share some nisk
factors, but despite intensive research,
the necessary and contributing causes of
cardiovascular diseases (CVD) and
diabetes are still not completely
understood. Rather than single causes,
the relationships are characterised by
complexity and a “web of causation”.

Genetic faciors

Environmental, modifiable factors are
commonly held responsible for the post-
war coronary disease epidemic, but
genetic factors do play a role in
coronary heart disease.”® Mutations and
defects in a single gene have been
identified as the cause of a few
conditions, such as Miiller-Harbitz’s
disease (familial hyperchole-
sterofemia),"™ but a number of genes
are involved in lipoprotein meta-
bolism,™* blood pressure regulation,™
and in thrombogenesis.® It is likely that
certain genotypes or combinations of
genotypes interact with environ-mental
factors and result in an increased risk of
disease.

Genes are involved in  stroke
disposition, and the contribution is
polygenic.® Further, “stroke™ repre-
senis several cerebrovascular disorders,
with shared and separate™ genetic traits.

Twin and family studies have
provided strong evidence for genetic
causes of NIDDM.”" * While inheri-
tance in rather uncommon NIDDM
variants has been tracked to single
genes,” most NIDDM is of polygenic
heredity, but again, in an interplay with
adverse environmental trigger factors.™

Farly life factors. The Forsdahl/ Barker
hypotheses

In 1973, Forsdahl presented the
hypothesis that the high mortality rate in
Finnmark is a consequence of previous
poverty.”! He showed that the
considerable  variations in cardio-
vascular mortality among 40 to 69-year
old men in Norwegian counties in 1964-
67 correfated with infant mortality rates
from 1896 to 19257 Forsdahl argued
that differences in current mortality
couid not be explained by curment
differences in living conditions, and that
poverty during childhood and adole-
scence, followed by affluence, 1is
correlated with the risk of dying from
atherosclerctic  diseases. He  also
proposed that semun cholesterol is the
main iatermediate factor. In that study,
ne adjustment was made for countywise
differences in smoking habits or other
potential confounders, and caution is
needed when drawing conclusions from
ecological studies.™ In another study,
using data from the first Finnmark
Survey, Forsdahl observed a positive
correlation between infant mortality
during 19211935 and average serum
cholesterol among 33 1o 49-year old
men in the Finnmark municipalities.”®
These hypothesis-generating  observa-
tions were supported by cross-sectional
data from the Tromses Study, where self-
reported poverty in childhood was
positively associated with age-adjusted
serum  cholesterol and negatively



associated with body height™ In a
Finnish study specifically aimed at
expioring the Forsdahi hypothesis, there
was an association between childhood
socioeconomic conditions and cardio-
vascular disease, but serum cholesterol
was not distributed accordingly.™

Since 1986, Barker and colleagues
have published numerous papers on
fetal and infant origins of adult disease.
Using ecological data from England and
Wales, as well as birth record data and
adult morbidity data in limited cohorts,
they claim that adverse conditions in
sarly life, measured as low birthweight
(small for gestational date) or
unproportional fetal growth, result in a
higher risk for hypercholesterolemia,"
hypertension,”  insulin resistance,”’
glucose  intolerance,™ diabetes
mellitus,® stroke.* and coronary heart
disease’ in aduit life. The Barker
hypothesis advocates that inadequate
nutrition: in a critical period of organ
development will permanenily affect
structures and metabolism™ through the
process known as “programming”.’ For
diabetes, this theory was labelled “the
thrifty phenotype hypothesis”™ as an
alternative to the “thrifty genotype
hypothesis” proposed by Neel®
Recent, larger cohert studies™ *  and
twin studies ** lend support to the
Barker hypothesis.

Adulr life shile

Migrant studies of cardiovascular
disease™ *° and diabetes” have shown
that when people move from low-tisk to
high-risk areas and change their lifestyle
towards that of the resident population,
their risk of disease may approach the
risk of the resident population. Rapid
changes in the incidence of cardio-
vascular disease' and diabetes™ were
observed in Norway during World War

II, and in other populations undergoing
large and rapid changes in diet and
lifestyle.™ Centrolled intervention trials
have provided convincing evidence that
adverse risk factor levels in individuals
at high risk may be reversed, and that
risk factor reduction is followed by a
reduction in disease Tisk.™ Based
upon  the Norwegian  ecolegical
experiment'™ and clinical tdals,™” the
time from risk factor exposure to risk
reduction appears to be much shorter
than the 10-year time lag proposed by
Rose.” Important lifestyle factors that
contribute o or protect against
cardiovascular disease and diabetes
inciude dietary habits, the use of
stimulants, and physical activity and the
balance between energy intake and
energy expenditure. [Diet may enhance
atherosclerosis, but may simultaneously
contain anti-atherosclerotic, thrombo-
genic and antithrombogenic compo-
nents.” Boiled, unfiltered coffee raises
serum  cholesterol 78 Aleohol
increases,”  while smoking decreases®
senum. high density lipoprotein (HDL)
cholestercl. Physical activity influences
blood pressure,” serum lipids,” and
insulin and glucose metabolism® both
directly, and through weight loss.*

Insulin resistance

The close relationship between diabetes
and cardiovascular diseases seems 1o
involve insulin resistance,”® but causal
pathways have not been established.
Insulin  resistance is a decreased
sensitivity in skeletal muscles and other
tissues to the action of insulin, and it is
a characterisiic of NIDDM.* The
clustering of high triglycerides, low
HDL cholesterol, high blood pressure,
hyperinsulinemia, and insulin resistance
was labelled “syndrome X7 ® or “ the
insulin-resistance syndrome.™® It is



often accompanied by abdominal
obesity.’ A raised total {(or LDL)
cholesterol is not an inherent part of the
insulin-resistance syndrome.**
Although the tendency to insulin
resistance is claimed to be mainly
inherited, %% twin studies have
provided evidence that the cluster of
components depend on both genetic and
on environmental factors.”

2. AIMS OF THE STUDY

The present is 2 non-concurrent follow-
up study of 35 - 52 year cid men and
women in Finnmark who participated in
population based cardiovascular surveys
in 1974 and/or 1977, The aims were to
investigate

o incidence of and risk factors for
myocardial infarction, stroke and
diabetes

o whether there were sex differences In
risk factors for cardiovascular diseases
and diabetes

¢ whether there were ethnic differences
in risk factors and in the incidence of
cardiovascular diseases and diabetes

3. STUDY POPULATION AND
METHODS

3.1 Study area and background
populafion

Finnmark County is located well north
of the Arctic Circle at 69-71° N, facing
the Barents Sea, Russia and Finland. It
is the largest and the most sparsely
populated county in Norway, and is
exposed to great seasonal variations In
light and temperature. People live
scattered in small townships and
settlements; traditional occupations are

the  fisheries and fishing-related
industries along the coast, small-scale
farming and fishing in the fjords,
reindeer breeding among indigenous
Sarml people in the highland regions,
and mining. Finnish immigrants settled
in the area since the 1700s, but the bulk
of Finnish immigration occurred during
the last part of the 19th century
following severe crop failures in North
Finland.™ Until World War 11,
Finnmark experienced more poverty, a
higher infant mortality, and a higher
mortality from tuberculosis than other
counties in Norway.”' During the war,
two-thirds of the population were forced
t0 leave the coumty while one-third
avolded evacuation by hiding when
German troops used the “scorched earth
tactics” during their withdrawal in 1944,
Most people returned after the war and
restored the county, which had been
almost completely destroyed.
Geographical sociocconomic inequali-
ties in Norway are less today, but living
conditions are still tougher and the
educational level is lower in Finnmark
than in other parts of the country.”
Many of those who work in the white-
collar sector as well as in the fishing
industry, have immigrated frem other
coungies.

3.2 Baseline data
3.2.1 The Cardiovascular Disease
Study in Norwegian Counties

The background and organising of the
CVD  County Study has been
extensively described.”™ Since 1943,
the National Mass Radiography Service
had carried out large population surveys
for the detection of tuberculosis. As the
incidence of tuberculosis declined and
cardiovascular mortality increased, the
organisation proposed in 1972 that



screenings aimed at detecting coronary
heart disease should be initiated. At the
same time, the County Medical Officer
in Finnmark asked for actions against
the high cardiovascular mortality in that
county.

The first suyvey began in Finnmark
in 1974 and was a collaboration
between the National Mass
Radiography Service (renamed the
National Health Screening Service),
health authorities and local health
personnel in  Finnmark, and the
University of Tromsa. During the next
two vears, almost identical surveys were
carried out in Oppland and Sogn og
Fjordane, which represented couniies
with average and low cardiovascular
mortality, respectively.

The CVD County Study had several
aims. One was to analyse the
distribution of cardiovascular risk
factors in the three counties. Another
was to serve as an intervention
programme, combining general health
education and a high-risk strategy. The
study was thought to be an important
epidemiologic tool, providing baseline
data for follow-up studies on morbidity
and mortality.

A second survey was undertaken
three vears after the first one in
Finnmark {1977). A third survey was
carried out in 1987. Data from the latter
were only little used, and data from
subsequent surveys among 40-42 year
cld subjects {1990 and 1993) were not
used for the present study.

3.2.2 The Finumark survey 1974/75
{ Finnmark 1)

The first survey took place from March
1974 until February 1975. All Finnmark
residents born from 1925 to 1939 were
invited by means of a personal. mailed

letter. An invitation was also sent to a
10 % random sample of subjects bom
between 1940 and 1954, In four
municipalities, alf residents born from
1925 to 1954 were invited. A total of
17,517 subjects were invited, and
14,401 (82.2%) participated.'®

The screening included:

I: A questionnaire printed on the reverse

side of the invitation letter (Appendix 1)
which covered:

A: History of cardiovascular disease,
diabetes mellitus, and treatment for
hypertension

B: Symptoms that could be related to

cardiovascular disease (translation

of Rose questionnaire on angina
pectoris) or lung disease

: Physical activity during leisure time

: Smoking habits

: Stress factors in social life and
physical activity level at work

E: Family history of coronary heart
disease

F: Ethnic origin (Norse, Sami

{Lappish), Finnish or mixed)

il: A physical examination with
measurements of height, weight and
blood pressure

HI: A non-fasting blood sample

In one municipality a questionnaire
on food consumption was included.

The questionnaire was to be filled
in at home and brought to the
examination site where a nurse checked
it for inconsistencies, and also ingquired
about municipality of birth and about
time since last meal. Women were
asked about menopausal  status/-
pregnancy. Height was measured to the
nearest centimetre and weight to the
nearest half kilogram. Blood pressure
was measured with & mercury
sphygmomanometer in sitting subjects
and after 4 minutes’ rest. Systolic and

oo



diastolic pressures were measured twice
with one minufe’s interval. Systolic
pressure was read to the nearest even
mumber of mmMg when the first
Korotkoff sound appeared {phase I).
Diastolic pressure was recorded at
Korotkoff’s phase V, or phase IV if
phase V was absent. The examinations
were performed by a small number of
nurses who had been trained according
to0 tapes produced by the London Schoel
of Hygiene and Tropical Medicine.
After centrifugation of blood samples,
the chilled serumn was sent to the Central
Laboratory, Ullev&l Hospital, where it
was analysed within 2 weeks for total
cholesterol, triglycerides, and glucose.
The laboratory methods and quality
control  of methods have been
described "7

Subjects with suspected cardio-
vascular disease or diabetes or with risk
factor levels above pre-set limits, were
offered a follow-up examination by the
local public health unit (physician and
nurse).”

3.2.3 The Finnmark survey 1977/78
(Finnmark 2)

Those invited were:

All residents of Finnmark county 33
to 52 years old (born 1925 - 1942)
All residents 23 to 34 years old (born
1943 - 1954) who were invited to the
first screening

An 11% random sample of residents
aged from 23 to 34 years, who had
not been invited to the first screening
A 10 % random sample of residents
20 to 22 years old (born 1955 - 1957).
A total of 20,683 persons were invited
and 17,181 (83.1%) participated.'

The municipalities were visited at
the same time of the year as in the
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previous survey. Screening procedures
and measurements were almost identical
1 the two surveys and were carried out
by the same nurses. Analyses of serum
total cholesterol, triglycerides and
glucose were performed at the Central
Laboratory at Ulleval Hospital using the
same methods. Serum thiccyanate was
determined as described by Foss et al.™
Serum HDL cholesterol was
determined at the Institute of Medical
Biology, University of Tromse.” Sera
from 4 maunicipalities (n= 4,480} were
stored at +4° C and analysed within two
weeks. All other samples (n= 11,462)
were stored at -20° C for 12 months
before analysis. HDL cholesterol was
determined by the cholesterol esterase
cholesterol  oxidase method afier
precipitation of LDL and VLDL with
heparin and manganese. The average
HDL cholesterel value was lower in the
frozen batch. The differences varied
between 0.11 and 0.13 mmold. in
various subgroups of sex and age.” As
n previous reports,””® we added 0.12
mmol/L to the HDL cholesterol values
of frozen samples.

After the second survey, the Ulleval
laboratory changed to an enzymatic
method of determining total cholesterol
and triglycerides with a Technicon
AutoAnalyzer. In the papers for this
thesis, the original wvalues were
transformed to be equivalent to the
enzymatic methods that are commonly
used today. The formulas used were
based on an extensive test programme
developed by the WNational Health
Screening Service.™®



3.2.4 Participation rate in Finnmark
I and Finnmark 2

A non-missing value for systolic blood
pressure or a non-missing value for
serum total cholesterol was used by us
to define participation, and the number
of participants differs slightly from
previous reports, which used other
definitions.'*™” The participation rate
among those invited to the first and/or
second screening varied by age and sex
from 92% in men and 95% in women
bora from 1925 t0 1929, to 45% 1n men
and 58% in women born from 1955 to
1957.1¢

3.3 Follow-up data
3.3.1 Background

From the inception of the CVD County
Study, a routine was established
whick Finnmark hospitals informed
investigators from the University of
Tromse and the National Health
Screening Service of all patients with a
cardiovascular  discharge  diagnosis.
From 1975 until 1983, the investigators
surveyed the record files in  the
Finmmark hospitals twice, and used
discharge diagnosis lists to detect cases
which then were validated by medical
records. Linkage of the participant list
of the Finnmark Study to the Causes of
Death Registry at Central Bureau of
Statistics (renamed Statistics Norway)
was used o detect cases among the
deceased. The regisiration came to a
halt in 1983, and validated data from ihe
early period have been sparsely used.”

3.3.2 Permissions and study approvals
No permanent registry of coronary heart

disease, cerebrovascular discase or
diabetes exists in Norway and must,

therefore, be established for the present
study. Permission was obtained from
the Data Inspectorate. The Norwegian
Directorate of Health permitted us to
use data from the Causes of Death
Registry, and gave us access 1o medical
records in hospitals and in the primary
health care. The Regional Committee
for Medical Research Ethics approved
the study.

3.3.3 Endpoints
criteria

and classification

The events under study were: first event
of myocardial infarction (MI), first
event of stroke, onset of diabetes, and,
in paper VI, death. We recorded the date
of coronary artery bypass grafting or
percutaneous  transluminal  coronary
angioplasty, carotis endarterectomy, and
cerebral aneurysm surgery.

Myocardial infarction

Classification criteria were based upon
WHO recommendations.™ The criteria
included symptoms, cardiac enzyme
changes and ECG changes, where two
out of the three were required for
diagnosis. When performed, autopsy
results were used. The classification
criteria were published as an Appendix
to Paper L.

Stroke

WHO criteria™ were followed, where
stroke was defined as rapidly developed
clinical signs of focal or global
disturbance of cerebral function, lasting
more than 24 hours or until death, with
1 apparent non-vascular cause.

Diabetes

A physician-confirmed diagnoesis was
accepted without checking whether



recommended WHO criteria' had been
followed. In case of discrepancies
between self-reports and medical
records regarding the date of diagnosis,
medical record information  was
accepted. We registered the year that
insulin or oral antidiabetic therapy was
started, but a firm distinction between
IDDM and NIDDM couid not be made.

3.3.4 Data sources

Several data sources were used to obtain
as complete registration as possible:
A:  Official health data and medical
records
t. Causes of Death Registry at
Statistics Norway
2. Discharge diagnosis lists from
the Finnmark hospitals, and from
the Regional Hospital in Tromsg
3. Medical record files in hospitals
and community health care
centres in Finnmark
B: Postal questionnaire to participants

3.3.5 Register data

Causes of Death Registry

Statistics Norway provided information
regarding name, 11-digit personal
identification number, municipality of
residence and county or municipality of
death, and underlying and contributory
diagnoses of death from the death
certificate. The data were linked to the
Finnmark Study at the National Health
Screening Service.

Hospital data

The National Health Screening Service
and the Institute of Community
Medicine generously placed at my
disposal the material that covered the
vears from 1974 to 1983. It included
some 700 subjects with confirmed or
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suspected cardiovascular diseases. Not
all cases had been validated.

For the period September 1983 -
June 1990, discharge diagnoses lists
were obtained from the hospitals in
Hammerfest and Kirkenes. The lists
included all hospitalised subjects born
from 1925 onwards with a discharge
diagnosis according to International
Classification of Diseases, 8th Revision
(ICD-8) or 9th Revision (ICD-9): 410-
414 (ischemic heart disease), 430-436
{cerebrovascular diseases), 250
{diabetes mellitus), 795 (ICD-8) or
798.1 (ICD-9) (sudden, unexpected
death). When one of the diagnoses
appeared, the medical record was
sought. The notes were read and data
from the first event were recorded. If the
first event had been freated in another
hospital, information from the relevant
hospital was sought.

Because some patients from
Finnmark are admitted directly to the
Regional Hospital in Tromse (RiTs),
corresponding discharge diagnosis lists
for Finnmark residents were requested
from RiTe and a similar validation
procedure was performed. Such lists
could be provided only for the period
1987 - 1990.

No diagnosis lists existed for
patients treated in the out-patient
departments.

Validity of discharge diagrosis lists/
survey of hospital record files

Because discharge diagnosis lists were
suspeeted of being incomplete, a survey
of the medical record files was
undertaken. The files at Kirkenes
Hospital comprised three parts: One file
with those records that had been in use
during the last three years (written
notes, letters), a second file with “older”
records, and a third file with records of



the deceased. In the first and the third
file, records of all patients born from
1925 to 1954 were opened and the
discharge diagnoses on the front page
were read. If a diagnosis indicated any
of the diseases in questicn, the notes
were read. For the “old” file, all records
of persons bom in January were
surveyed. This procedure gave no new
information. and was  thereafter
dropped. The validation confirmed that
the discharge diagnosis system was
reliable. Among the 8,000 - 9,000
records that were surveyed, two
undetected cases of acute M were
found. Among subjects treated in the
out-patiemt  department, 5 cases of
probable or possible M1 (examined after
the event) and 23 cases of diabetes were
previously undetected. In approximately
20 cases, the ICD code did not
correspond to the written cardiovascular
diagnosis, but such errors had not
resulted in cases going unnoticed.

A similar validation procedure was
carried out at Hammerfest Hospital. All
records of patients born on the first and

second day of each month were
examined {(approximately 1,200
records). No unnoticed cases were

detected among those admitted. Two
unnoticed cases of diabetes examined in
the out-patient department  were
discovered. It was concluded that a full
screening would be waste of time and
effort.

Case validation procedures

Cases  which had been registered
previously were revalidated 1o ensure
consistent classification criteria. Events
prior to the surveys were validated and
classified according to the same
diagnostic criteria as those that occurred
during follow-up.
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Many deaths from the diseases
under study had occurred outside of
hospitals. If no medical record existed at
the local hospital, a letter was sent to the
medical officer in the municipality of
residency or, in some c¢ases, the
municipality in which death occurred,
requesting information about the event.
I was given access to the record file at
the community heaith care centre in the
five largest municipalities. However,
Norweglan law permits records in the
primary health care to be destroved 10
years after the death of the subject. The
case validation was carried out in
1990/91, up to 17 years after the death,
and some records were missing. When
an autopsy had been performed,
information was available from the
relevant pathology department.

The greatest registration and
validation problem occurred among
those who had emigrated from the
county. It was not feasible to obtain
hospital discharge diagnosis lists from
hospitals outside of Finnmark except for
RiTe. From death certificate
information about municipality of
residency and municipality or county of
death, it was possible to trace the
attending physician or hospital.

3.3.6 Postal survey 1991

Survey procedures

In the autumn of 1991, a questionnaire
(Appendix 2) was mailed to those who
participated in Finnmark 1 or Finnmark
2 and who were alive as of June 1.
1991, according to the Central Person
Register at Statistics Norway. Updated
addresses were provided by Statistics
Norway. The Data Inspectorate
approved the postal survey, but did not
allow letters 1o be sent to the next-of-kin



of deceased persons. One reminder was
sent to non-responders.

The National Heaith Screening
Service carried out the practical tasks of
the survey and provided a data file. A
total of 18,210 letters were mailed. The
number included some subjects who had
completed  the  baseline  survey
questionnaire, but had not been
physically examined. A total of 376
letters were initiaily returned because of
death or change of address; in 191
cases, no second leiter could be sent.
Using the attendance criteria of the
present study, a maximam of 17,854 out
of the 19,308 participants could have
answered the postal survey, and 14,204
subjects (79.6%) did reply. A total of
3,475 (19.5%) questionnaire recipients
had moved from Finnmark. The
response rates were similar among those
who had moved (80.4%) and among
those who still lived in Finnmark
(79.4%), and in men (79.8%)} and

women (79.3%), but varied by age from
80.8% in those bomn between 1925 and
1942 10 76.4% in those borm between
1943 and 1957.

All 6,824 returned guestionnaires
(48.0%) where the respondent had been
treated in a hospital for any reason were
read to check for indications of
cardiovascular disease or diabetes
despite negative answers to the direct
questions, and to learn from which
hospital to seek information. The
questionnaire did not ask for the address
of attending physicians outside of
hospitals, and medical information was
sought from local health care centres for
non-hospitalised patients.

Written consent for validation

A few subjects who reported one or
several of the specified diseases did not
give a written consent to collect data
from medical records:

TFable 1. Total number and percentage of seli-reported cardiovascular diseases
and diabetes, and number and percentage without consent for validation among

14,204 postal survey respondents

Men Women
(n=7.24T) (n=6,937)

Prevalence No consent  Prevalence No consent
Self-reported 0 seemememeemem e
medical condition n % n % n % n %
Myocardial infarction 422 58 12 28 84 1.2 2 24
Stroke 141 2.0 2 14 102 1.5 3 29
Diabetes mellitus 169 23 6 3.6 158 23 16 101




Out of 19 respondents with self-reported
MI and stroke who did not give a
consent for validation, 3 were assigned
a probable MI or stroke. The remaining
reported an event after end of follow-up,
or had been detected through registers.
Similarly, 12 cut of 22 respondents

were assigned probable diabetes.

Concordance between self reports and
register data

Table 1 includes events before and after
follow-up. Out of the 392 MIs that
occurred during follow-up, 343 were
verified. Reasons for non-concordance
were {n):

Validated cases: Silent MI (5}, possible
MI (1), angina pectoris/ coronary
bypass grafting {7), other heart disease
(2), not MI {13).

Validation impossible: No consent (2),
too little information (9).

Thus, 93% of self-reported cases
were confirmed coronary heart disease,
although not all  satisfied our
classification criteria of MI.

Out of 174 strokes reported to occur
during follow-up, 114 were verified.
The phrasing of the questionnaire was

the main reason for apparent low
concordance, because the question
included transient ischemic attacks
{Appendix 2).

Validation of diabetes was more
difficuit, since several non-hospitalised
subjects did not write the name of their
physician. The Data Inspectorate did not
allow us to re-contact respondents. Qut
of 222 cases of diabetes with reporied
onset during follow-up, 178 were
confirmed. Twelve subjects did not give
consent for validation. In 20 cases we
did not have enough information to
proceed with validation or did not get a
reply from the physician/hospital. Five
cases had been diagnosed after end of
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follow-up, 1 had glucose intolerance,
and 2 had secondary diabetes. In 4 cases
the diagnosis was disconfirmed.

Completeness of case detection through
regisiers

The linkage to the Causes of Death
Repistry ensured a complete foilow-up
on vital status. The postal survey served
first and foremost to detect out-of-
county and ambulant events. Second, it
served as a check of the efficiency of
case finding through registers and
medical records. As an example, among
those followed for Paper 1, omly 17
unnoticed cases of MI were reported by
questionnaire respondents in Finnmark.
Three had been treated in the Finnmark
hospitals, seven in cottage hospitals and
primary health care, and seven events
occurred during terporary leaves from
the county. Similar percentages of
events  were  registered  among
respondents (261 cases, 3.3%) and non-
respondents (49 cases, 2.8%). Among
all questionnaire recipients who had left
Finnmark, 4} out of 51 cases were
detected through the postal survey.
Thus, case finding through registers was
nearly complete for those who staved in
Finnmark. The postal survey was
needed to detect nonfatal cases among
ernigrants.

A total of 281 cases of verified or
assigned diazbetes were diagnosed
during  follow-up. Many diabetic
subjects are not referred to a hospital,
and the postal survey was an important
source of diabetes detection, within and
out of Finnmark (Table 2).
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Table 2. Detection of diabetes mellitus diagnosed during follow-up

Residency at postal survey or
at time of death {n)

Primary source of detection Finnmark Not Finnmark
(n=15,742)  (n=3,566)
Diagnosis registers/hospital records
Died before postal survey 3 4
Postal survey respondents 113 2
Postal survey non-respondents 38 1
Postal survey 69 24
Total 250 31

3.4 Morbidity register

Morbidity data were registered in 2,082
{10.8%) of the participants. Most cases
were validated by inspection of medical
records In the Finnmark hospitals, RiTe,
and in five community health care
centres.  Letters  were  sent 1o
approximately 120 physicians and
institutions,  requesting  information
about some 400 subjects. Less than 10
addressees did not respond. Examples
of letters are enclosed (Appendix 3).
The type of data included in the data
base are summarised in Appendix 4.

3.5 Outline of present study

Limitation of age groups included in the
Jfollow-up analyses

Data on endpoints were collected for
participants in all age groups. However,
the papers in this thesis comprise only
those who were > 35 years at the first
baseline examination attended, i.e.
subjects borm 1925 to 1939 (I, or
1925 to 1942 (I-11, IV-VI). The reasons
not to include younger subjects were the
limited sample invited, the lower
attendance rate, the lower postal survey
response rate, and the low number of
incident cases in the vounger age group.
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Outline of present study

Finnmark 1 Finnmark 2 End of follow-up Postal survey
1974/75 1977778 31.12.39 1991
01.01.75
I ; Ji | é
| ! Paper 11, IV, VI
] Paper III
Paperl, V

Invitation and participation, age 2 35 years

Finnmark 1

Invited (n) 12,156

Participated (n)
Finnmark 2
Invited (n)

Participated (n)

Finmmark 1 and Finnmark 2 combined
Invited (n)

Participated (n)

Follow-up (first screening - 31.12.89)
Emigrated from Noyway (n}

Deceased (n)

Postal survey 1991
Questionnaire recipients (n)

Non-respondents (n}

10,650 (87.6%)

14,558
12,785 (87.8%)

14,819
13,412 (90.5%)

974

12,151
2.329 (19.2%)



4. MAIN RESULTS
Incidence and risk factors for
myocardial infarction (Paper I)

The incidence rate was 7.1 per 1,000
personyears in men and 1.5 per 1,000
personyears in women, resulting in an
overall male-to-female ratio of 4.6.
Daily smoking was a stronger risk
factor for Ml in women (relative risk
3.3; 95% CI, 2.1-3.1) than in men
(relative risk 1.9; 95% Ci, 1.6-3.2), and
carried a particularly high relative risk
for younger women. Women who
smoked at least 20 cigarettes per day
had a six-fold increased risk of MI
compared with never-smoking women,
while the corresponding refative risk in
men was less than three. The absolute
risk of MI was higher in heavy smoking
women than in men who had never
smoked. Thus, the “female advantage”
may fiterally be dissolved in smoke.
Serum  total cholesterol, HDL
cholesterol and systolic blood pressure
were significant risk factors, and the
refative risk estimates were similar in
the sexes.

Determinants of case fatality in
myocardial infarction (Paper IT)

We  examined whether exposure
variables measured at the baseline
examination predicted a fatal cutcome
of the first MI. The 28-days’ case
fatality rate in MI was similar in the
sexes. In men (women), case fatality
increased with systolic blood pressure
(SBP) from 24.5% (22.6%) at SBP <
140 mmHg, to 48.2% (41.7%) at SBP 2
160 mmHg. An apparent threshold
effect was seen for diastolic blood
pressure. A total of 348 of the 760
subjects with a first MI died during
follow-up. In proportional hazards
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analysis, SBP was strongly related fo
death (relative risk per 15 mmHg, 1.2;
95% CI. 1.1-1.3). Daily smoking at
baseline and age at time of event were
also significant risk factors, while total
cholesterol and HDL cholesterol were
unrelated to death after M|,

Trends in incidence and case fatality in
myocardial infarction (Paper I1I)

Sex specific MI incidence and 28-days’
case fatality rates were determined for
three 5-year birth cohorts and three 3-
year time periods. Despite an ageing
cohort, the overall case fatality did not
increase, and was non.significantly
lower among men in the last (30.7%)
compared to the preceding (34.4%)
period. Based upon data from the
surveys in 1974, 1977 and 1987,
antihypertensive treatment increased
greatly, while smoking frequency and
mean serum  cholesterol  changed
heterogeneously in the various sex- and
age-groups. The MI incidence rate in
46-50 year old men was stable (7.1, 6.4,
and 7.1 per 1,000 persenyears), while
corresponding case fatality was 27.1%,
41.0% and 19.1% in the three 5-year
periods. The unchanged MI incidence
coincided with a stable level in major
cardiovascular risk factors in this age-
group. Thrombolytic therapy and
coronary artery bypass grafting became
more common towards the end of
follow-up, but did not have any impact
on incidence and case fatality.

Incidence and risk  factors for
cerebrovascular disease (Paper 1V)

The incidence rate of stroke was 1.5 per
1,000 personyear in men and 1.1 per
1,000 personyears in women. Systolic
blood pressure and smoking were
positively associated, while serum total
cholesterol was not associated with



stroke. An inverse relation was seen
between body height and stroke in both
sexes, and the stroke incidence was
more than halved in the tallest as
compared with the shortest height
quartile in both sexes. Height seemed
inversely related to all stroke subtypes;
the strongest relation was with
intracerebral hemorrhage. No significant
relation was observed between total
cholesterol and any stroke subtype, but
the data suggested a positive association
with cerebral infarction and a negative
association with subarachnoid and
intracerebral hemorrhage. Daily
smoking was associated with a two-fold
increased risk for all stroke subtypes
except intracerebral hemorrhage.

Incidence and risk factors for diabefes
melfitus (Paper V)

A total of &7 cases of physician
confirmed diabetes among men and 75
cases among women were registered,
resulting in an incidence rate of 1.2 per
1,000 personyears in men and 1.1 per
1,000 personyears in women. Several
sex related differences in risk factors
were noted: Serum HDL cholesterol
was inversely associated with diabetes
in women, bul not in men. A dose-
response relation between body mass
index and diabetes was observed in both
sexes, but the association was more
confounded in women than in men.
Body height was inversely associated
with diabetes only in women, while
serum glucose was a highly significant
risk factor in both sexes.

Ethnic differences in cardiovascolar
diseases and diabetes (Paper VI}

Four mutually exclusive groups were
defined: Norse bormn in Norwegian
counties except Finnmark, and Norse,
Finnish, and Sami subjecis born in
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Finnmark. Norse men and women born
out of Finnmark were taller and had the
most favourable risk factor profiles.
Sami men and Norse men born out of
Finnmark had similar and slightly lower
incidence rates of MI than Norse men
born in Finnmark, while men of Finnish
origin had a (nonsignificant) 20%
higher rate of MI. After adjustment for
major risk factors and height, there were
virtuaily no differences in relative risks
associated with  ethnicity. Similar
tendencies were seen for the other end
points. Sami men had the lowest
incidence rate of diabetes.

Few cases in each subgroup limit
the statistical power of the analysis for
women. Norse women bom out of
Finnmark had a lower incidence of Ml
and diabetes than other women. The
incidence of diabetes in Sami women
was similar to Finnish and Norse
women bom in Finnmark, despite a
higher mean body mass index.

No data were collected on
occupations, but observed between-
group differences in height and in
sedentary work may reflect differences
in social class. It is not possible from
this study to discern to what extent the
mere favourable risk factor levels and
the lower risk of disease among Norse
immigrants to Finnmark reflect genetic
advantages, more favourable conditions
during early life and childhood, or
rather social class and lifestyle in
adulthood.



5. GENERAL DISCUSSION

5.1 Methodelogical considerations
5.1.1  Misclassification of exposure
variables

Misclassification of exposure variables
is generally not considered a large
problem in prospective studies, since
they will be non-differential with regard
to the outcome variable, and will
underestimate the true association.”
Standardised examinations in the whole
cohort and quality contrelled laboratory
methods lessened the possibility of
random errors and bias in data
coliection. However, blood pressure and
serum Inglycerides and glucose are
subject to day-to-day variability as well
as to true biological changes over time,
As in other studies,”® measurement of
blood pressure at one occasion predicted
cardiovascular  events years later
(LILIV). It has been estimated that a
single measurement will underestimate
the blood pressure - coronary heart
disease association by 60%.% Similarly,
observed relative risks for serum
cholesterol are assurned to
underestimate the true risk.¥ Correction
for regression dilution bias may resolve
the problem,” but the techniques rely
upon accurate knowledge of the degree
of misclassification, and if there is
confounding, such adjustment can be
misleading.® No attempt was made in
the present study to correct for
regression dilution.

Broad and imprecise categories of
the exposure wvarizble may dilute the
relationship with the ouicome. The
relative proportion of muscle mass and
adipose tissue, as well as fat
distribution, differ between the sexes.®
Body mass index (weight (kg)/height
(my’ ) may, therefore, possibly blur
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rather than illuminate sex differences in
relationships under study (V).

An inherent problem in cohort
studies with a long follow-up is the lack
of ability to take into account real
changes in exposure status, unless data
on exposure variables are upgraded, as

in the Framingham®  and other
studies.””  This problem was mainly
discussed for smoking (IJI) and

antihypertensive treatment (ILIII), and
the problem was partially resoived by
using data from the third Finnmark
survey towards the end of follow-up to
assess population changes in risk factors
(LIII). Restriction of the analysis to
those who participate in several surveys,
may, on the other hand, result in interna}
selection bias.®

The Finnmark Surveys 1-3 with
repeated measurements over 10 years in
a large number of individuals allowed
us to compare different approaches to
take into account changes in risk
factors. In one study,” we compared
three applications of Cox’s proportional
hazards method for prediction of
myocardial infarction with explanatory
variables included as single baseline
measurements, with repeated
measurements  included as  time-
dependent covariates, and with pooling
of repeated observations, In general,
relative risk estimates were quite similar
in the three models.

5.1.2 Diagnostic criteria

Definition of myocardial infarction

We followed international criteria,®”
but were hampered by limitations
created by data collection in retrospect
from medical records writter: for clinical
purposes (I). Consistent criteria were
used to avoid detection bias introduced
by new and more sensitive diagnostic



tools (LI, but new therapy regimens,
such as aspirin or streptokinase used in
imminent infarction, will abort a “sure”
infarct and may underestimaie the true
incidence of coronary heart disease
when this is determined from hard
endpoints.  Coronary artery bypass
grafting may postpone MI and death
and thus prevent high-risk subjects from
becoming cases within the time frame
studied. Those interventions were not
important for the number of incident
cases in this study.

The discrepancy between self-
reported MI and the record-based
registration, could in part be ascribed to
silent MI, As in several,” but not all®
epidemiologic studies, sifent MI was not
included in the coronary endpoint
Inclusion of silent MI would affect the
case fatality rates. The proportion of
sitent MI * and the prevalence of silent
ischemia®™ is higher in women, and their
inclusion could dilute sex differentials
in Ml incidence. The M1 sex ratios in
th's study correspond well to sex ratios
in coronary mortality.”

Definition of stroke

The distinction between transient
ischemic attacks (TIA) and stroke is one
of hours of symptom duration”™ and
explains some of the discrepancy
between self-reported and registered
events. New diagnostic to0ls, such as
magnetic  resonance  bmaging, may
reveal brain infarction or hemorrhage in
atypical cases. Such evenis were not
classified as stroke to avoid bias by time
and gecgraphical residency.

We included subarachnoid
hemotrhage in the endpoint. as is usual
in  epidemiologic  studies.”¥
Collapsing various stroke subtypes into
2 single endpoint may be questioned,
given the different risk factor patterns
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for stroke subtypes (IV). Combining
coronary and cerebrovascular
endpoints® in epidemiologic studies
may be even more guestionable, since
risk factor patterns differ between
endpoints {I.IV), and case category
distributions vary over time and
between the sexes (1,IV), and may biur
the associations of interest,

Definition of diabetes meflitus

The criteria usually followed in clinical
settings are based on international
consensus, but the diagnostic cut-off
limits for serum glucose have been
subject to changes.”” The criteria will
have consequences both for the number
of subjects exciuded, and for the
number of cases detected during follow-
up.'* In Paper V, we excluded those
with a verified clinical diagnosis prior
to screening or with a baseline random
glucose concentration satisfying WHO
ctiteria of diabetes,”” but we did not try
to evaluate whether WHO criteria had
been fulfilled for a diagnosis during
follow-up. Ideally, all cohort members
should have undergone a new
examination by the end of follow-up,
since diabetes may go undetected for
vears; however, this was not feasible.
Inclusion of cases which that were
unvalidated because of non-consent
from the subject or non-response from
the physician would increase the
aumber of cases in Paper V from &7 to
93 among men, and from 75 io 86
among women. Judged by risk factor
distributions in unvalidated as compared
to validated cases, and from Cox's
analyses with and without them, we
have no reason to believe that the
unvalidated cases represent faise
positive diabetes. Therefore the rates
may be taken as under-estimations of
the true incidence. Judged by available



data on age at onset of diabetes and
from data on drug therapy, the
admixture of IDDM cases is probably
very small.

Validity of questionnaire responses

The number of false positive reports of
MI and diabetes was very low (page
15). A validetion has been made of
questionnaire information about disease
prevalence in Finnmark 1.7 In that
study, a total of 81% of Mils, 65% of
strokes and 66% of diabetes cases were
verified. In Nord-Trandelag County ten
years later, medical records verified
96% of selfireported diabetes, but the
respondents tended to overestimate
diabetes duration.”

5.1.3 Bias considerations

“Bias” is a systematic deviaticn from
the truth that distorts the results of
research. Biases may be grouped as
systematic errors in inclusion (selection
bias) or collection of data on exposure
variables or end-points (information
bias), and confounding.*® Bias may lead
to under- or overestimation of the
association under study.

Selection bias

Selection bias is uvsually not a large
problem in population based studies
with a high participation rate. The
participation rate was 90% in the current
study. Those who already suffered from
cardiovascular disease or were aware of
their Dblood cholesterol and blood
pressure could be less likely to
participate in a survey aimed at
detection of cardiovascular risk factors,
but such a “healthy worker effect”™
does not seem very likely because the
oidest age groups with the highest
disease prevalence had also the highest
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attendance rate. In  an  analysis
comprising the CVD County Study and
the Oslo Stady, men in the highest and
in the lowest socioeconomic groups had
lower attendance rates than other men.”
Present study subjects were also
included in & mortality study of 40 to
49-year old men in five areas in
Norway.® The total mortality rate ratio
for non-attendees versus attendees was
1.4 in Finnmark, while the ratio was 2.1
-3.1 in the other areas.

Missing data on HDL cholesterol
and height led to restrictions in the
number of subjects included in Papers [
and V, but we have no reason to believe
that those selections represented bias.
We excluded those who had suffered
from the disease(s) under study before
screening, but included high-risk
subjects with angina pectoris, subjects
with symptoms that could be attributed
to angina, lung disease and claudicatio
intermitiens, and subjects on blood
pressure  treatment. In contrast,
Tverdal® exchuded all those subjects in
a recent mortality follow-up study of
ethnic  groups in Finnmark. The
differences in internal exclusion criteria
led to discrepancies in conclusions and
will be discussed further in Section 3.4.

Information bias and loss to follow-up

A possible bias should be considered if
the degree of foliow-up is less than
95%.”" The Causes of Death Registry is
virtuaily 100% complete,” and the vital
status was known for all participants.
Only 73 participants emigrated from
Norway, while 1,863 subjects moved
from Finnmark to other counties. The
detection bias for non-fatal cases
introduced by different  follow-up
procedures among those who moved
and those who stayed was discussed
(LV). Such biases are believed to be of



minor importance due to the high
response rate to the postal survey. Only
354 questionneire recipients who had
moved from Finnmark did not respond.
Those subjects, and those who had
moved and died between January 1,
1990 and the postal survey, comprised
4% of the entire cohort and were the
only ones not followed for nonfatal
events through hospital registers and/or
postal survey. Possible detection bias by
cthnic group was discussed (VI).

Confounding

“Confounding” exists if meaningfully
different  interpretations  of  the
refationship of interest result when
another variable is ignored or included
in the data analyses.” This implies that
the observed relation is partially or
totally due to a variable {(confounder)
which is associated both with the
exposure and the outcome. Confounding
may under- or overestimate the
association under study, and may even
change the direction of the observed
effect. A factor on the causal pathway
between exposure and outcome is not a
confounder.®  Confounding may be
handled  statistically, but residual
confounding may stil occur due to
imprecise  categorisation  of  the
explanatory variables or lack of data.
One way fo limit residual confounding
may be fo restrict the analysis to a
homogeneous population, but that
approach may reduce the external
validity of the study.

Confounding was  conirolled
through stratification by sex (I-VI) and
ethnicity (IV.VI} and through age-
adjusted and multivariably-adjusted
models with potential  confounders
included. (I-I1, IV-VI). Data on several
poteniial  confounders  were  not
available, and issues such as the lack of
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data on aleohol {1,V), use of hormone
replacement therapy {I,V), and data on
exposure to poverty (IV, VI) were
discussed. Information on social class
was not requested, but social class is a
proxy which, in part, acts through
variables that were included (smoking,
cholesterol, physical activity).
Information on diet was not available,
but serum cholesterol is the primary
intermediate factor in the diet-heart
hypothesis,”  and this variable was
included. Controlling for time since the
last meal did not influcence the
estimates and was omitted from the
final analyses.

Seasonal variation in
variables could possibly
assoclations between ethnicity and
disease, since municipalities were
visited at different times of the year
Seasonal variation was observed for
total cholesterol, but not for HDL
cholesterol, riglycerides or systolic
blood pressure,” and is not, therefore, a
confounder of the relations between
ethnicity and diabetes and between
ethnicity and stroke. Ethnicity-related
estimates of MI risk did not change
materially whether total cholestercl was
included or excluded from the statistical
modeis (VI).

exposure
confound

5.1.4 Definitions of ethnicity

Ethnic groups in Finnmark

The Sami and the Finnish populations
are recognised ethnic groups in Norway,
with  the majority  tesiding in
Finnmark.”™ Many  Finnmark
inhabitants lived in ethnic settlements
with little intermingling well into this
century. ** Out of 33,000 residents in
the year 1900, 55% were Norse, 29%
were Sami, and 16% were Finnish.”
Definitions of Sami ethricity have



varied. The 1930 census registered
almost 19,000 Sami subjects in the three
northernmost counties, but less than
9,000 Samis were registered in the same
area in 1950. Several questions were
used to define Sami ethnicity in the
1970 census. In Finnmark, some 7,500
subjects reported to be Samis, but
almost  8.600 reported the Sami
language as their mother tongue, and
14,000 reported that Sami was the first
language of at least one grandparent.”™
From the 1970 census, it was estimated
that there may be 40,000 subjects with a
Sami family history in Norway.'” In
1997, the Sami Act criteria for being a
Sami were changed from requiring one-
quarter to one-eighth Sami background,
defined as having at least one Sami-
speaking great grandparent.'” A
subjective group ascription was required
before and after the revision. The new
definition has led to an estimation of
70,000 Sami subjects in Norway."™

According to the criteria used in the
Finnmark surveys (Appendix 1), a
person must be of at least one-half Sami
origin to be defined as such. No
subjective report of group belonging
was needed for inclusion in a specific
ethnic group.

But what does ethnicity imply? The

concept is derived from the Greek
“ethnos”, meaning “peoples”.
According 10  social-anthropological

literature,'™ an ethnic group “is largely
biologically self-perpetuating, it shares
fundamental cultural values, it makes up
a field of communication and
interaction, and has a membership
which identifies itself. and is identified
by others, as constituting a category
distinguishable from other categories of
the same order.™ The Sami group is
defined by social refations through
family history, geographical belonging

to an area, traditional occupations,
cultural and religious values, and formal
and informal organisations.”® However,
the overt Norwegian assimilation policy
exerted for a long period during this and
the preceding century, has influenced
ethnic seif-identification among the
Samis,”™ and may have influenced self-
reported ethnic origin in this study.

In additicn to social-
anthropological aspects, the concept of
ethpicity  wiil  inevitably comprise
genetic elements. Importantly, reither a
definition  based on grandparents’
origin, mother tongue, nor on group
ascription will pick up genetics or
cultural aspects solely, and a very wide
definition  may  hide  sub-group
characteristics. Further, in an
observational study such as this one,
there will be no inherent assumption
regarding genetic or environmental
factors as the cause of ethnic
differences. If ethnic differences are
observed, then the next step will be to
explain them.

Ethnic differences in body height

The current criteria of ethnicity resulted
in distinct inter-ethnic differences in
average body height (IV.VI). Further,
height differed between Norse subjects
born within and out of Finnmark {VI),
consistent with previous reports. ™%
Tverdal” included only those who had
participated and answered consistently
on ethnicity in two survevs, and
reported a slightly higher proportion of
Sami and Finsush subjects than we did.
However, the inter-ethnic variations in
height and risk factors in that study
were close to those in Paper VI, where
ethricity was defined from answers at

one survey. Judged by height, the
current questions on ethnicity are
precise  enough  fo  statisticaily



discriminate between groups; on the
other hand, height cannot be used fo
categorise people into ethnic groups,
because of large within-group variations
with overlapping values.

5.2 Incidence and case fatality

It is debated whether the ongeing
decrease in coronary mortality in
indusirialised countries is a result of
decreasing incidence, a lower case
fatality, or both. A decrease in coronary
heart disease incidence is thought to
reflect the effect of primary prevention,
while a decrease in case fatality 1s
mainly attributed to improved medical
care. The dechning coronary mortality
in Scandinavian couniries has been
atiributed to a combination of those
factors.'"®"'?  Qur data allowed a very
limited assessment of age specific
incidence trends in MI (1I1). There was
no decline in the incidence rate among
46 to 50-year old men, and apparently
no decrease in major coronary risk
factors in that age group. No conclusion
about incidence trends could be drawn
for women. The MI incidence rates
among men were, not unexpectedly,
higher than in  Oslo'™™  and
Kristiansund'™ in the 1960s. In both
sexes the rates were higher than in
South Sweden throughout the present
follow-up.'” The case fatality in first
MI has apparently decreased compared
to that reporied from Oslo in the
1960s.'"?

The 40% higher incidence of stroke
in men than in women compares 10
reports from several countries.'” The
incidence rates in Finnmark were higher
than among 40 to 49-year old men in
Oslo (0.95 per 1.000 personyears) who
were followed from 1972 through
1984."'% Trends in stroke were compared
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in the international MONICA study,
which covers the ages from 25 {0 64
years. In most of the 17 countries,
stroke mortality declined in the 1980s,
while incidence trends were less clear.’’
The 28-days’ case fatality rate was
lower in Denmark (20%), Sweden
(18%}) and Finland (21%} than in most
MONICA populations in an anlysis of
first and recurrent strokes.’"” The case
fatality rate in our study was 24%. Our
study included too few cases for an
analysis of stroke incidence trends.

The incidence rates of diabetes were
higher in Finnmark than previously
observed in Osio from 1925 to 1955,%
and from 1956 to 1965, but were
apparently lower than cumently in the
US™  and in several populations of
similar age in western countries.'™®
The Samis in our study did not have a
higher incidence rtate than WNorse
subjects. In contrast to other ethnic
minorities in the US, Alaska Eskimos
and Indians apparently do not have an
increased prevalence of diabetes as
compared to the general
population.'?+'#

5.3 Risk factors and causal factors

Any exposure or characteristic showing
a statistical association with the
outcome of interest may be labelled a
risk factor, and the term should not be
confused with the concept of cause. The
term “risk marker” may be chosen to
emphasise that a causal relationship is
not assumed, or to underscore that the
variable is a proxy (II). Scientific

criteria have been listed™ to guide
judgment whether associations may
express causality.

Both  possible  causes and

intermediate factors may be included in
multivariable analyses to assess their



rofe as disease predictors (I-ILIV-VI)
Angina pectoris may be regarded as a
stage on the pathway leading to ML
However, it does not always precede Ml
and does not always result in MI. Self-
reported angina pectoris showed a
different relation with MI in the two
sexes {interaction) (I}, in agreement
with other studies.™® Serum glucose is
the diagnostic criterion of diabetes and
of glucose intolerance,” and is not a
cause of diabetes. However, consistent
with other studies (discussed in V), one
random measurement of glucose with
values within the “normal “ range,
predicted future diabetes. This finding
points to a graded relation, and to the
possibility of detecting the disease
process earlier than by using today’s
diagnostic tools.

Major cardiovascular risk factors

The strong role of smoking as a
coronary risk factor was confirmed (I).
Not only was there a strong dose-
response relationship, especially In
women, but as a conseguence of the
high smoking  prevalence, the
population impact was very large. The
population attributable risk of smoking
was close to 50% in both sexes and
translates into some 300 “saved” cases
of MI, if ali participants had incidence
rates  similar  to  never-smokers.
Controlied for confounders, smoking
increased the risk of a fatal outcome of
the heart attack by 40% {II). and
smoking was a risk factor for stroke and
stroke subtypes except intracerebral
hemorrhage (IV). Smoking did not
predict diabetes (V). Intermediate MI
incidence rates in ex-smokers point to a
reversibility of smoking induced risk,
and to a large potential for the
prevention of MI in this population.
Smoking was prevalent in subjects at

high risk. One-third of those who had
suffered from MI by 1987, reported to
be current smokers (I), and smoking
was common among subjects on
antihypertensive treatment. In some
hypertension treatment trials, coronary
mortality was not reduced among
smokers,'™ raising the possibility of
adverse interactions between anti-
hypertensive  drugs and cigarette
smoking.

Serum total cholesterol was a
significant risk factor for Mi (D), but did
not predict a fatal outcome of the heart
attack (II). A question is whether the
high serum cholesterol levels in this
population could have masked an effect
of cholesterol on case fatality, but our
results were similar to two other studies,
where average cholesterol levels were
lower (see paper II). Serum total
cholesterol was unrelated to diabetes.
The lack of association between
cholesterol and stroke is not surprising,
given the heterogeneity of disorders
included in the endpoint. The subtype
analysis suggested that cholesterol was
positively related to ischemic stroke,
and inversely related to hemorrhagic
stroke, a finding in accordance with
other studies (see Paper IV).

Blood pressure was a risk factor for
MI and stroke (1,IV), in accordance with
numerous  studies.®™¥ However,
although risk factors for MI and stroke
apparantly overlap, they do not
necessarily exert their action through
the same pathophysiological
mechanisms, The effect may be
mediated both through a “direct” effact
on small vessels due to the increased
pressure, and through atherosclerosis,
involving kinetics of a disturbed blood
flow.”™  Such different mechanisms
could be involved in the different
outcomes of blood pressure treatment in



stroke and CHD prevention. In a large
overview of randomised drug trials,’™
the risk of stroke was reduced as
expected, but the risk of CHD was
reduced much less than expected from
observational studies.”

We observed a strong relation
between blood pressure and case fatality
in Mi (I1), which has been little reported
in epidemioclogic literature. Our finding
is at variance with the British Regional
Heart Study,”” which had an analytic
design more closely resembling ours
than any other epidemiologic study
examining blood pressure and case
fatality. However, that study observed
an increased risk of dying associated
with antthypertensive treatment, while

we observed the opposite. the
difference in resuits remains
unexplained.

Subjects on  blood  pressure

treatment were at an increased risk of
cardiovascular diseases and diabetes. In
the analysis presented in Paper I, Table
6, the adjusted relative r1isk (RR)
associated with antthypertensive
treatrent was 1.6 (85% CI, 1.2 - 2.3} in
men, and 1.8 (93% CI, 1.1-3.1) in
women.”®  Antihvpertensive treatment
was positively associated with stroke in
men (RR 3.2). but not in women (RR
1.1y (V). and was positively related to
diabetes in both sexes (V). On the other
hand, antihypertensive treatment was
associated with a2 nonsignificantly
improved survival after MI. The use of
antihypertensive treatment increased
greatly dwring follow-up, and we
discussed (II, IHI) whether primary and
secondary prevention of hypertension
may have coniributed to a reduced
coronary mortality. An increased risk of
coronary heart disease and stroke in
subjects on anlihypertensive ireatment
has been reported from observational
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studies.'™ "' Adverse drug effects have

been suggested as one cause of the
increased risk,'”” and it has been
discussed whether treatment may do

more harm than good in  some
subgroups.”  On the other hand,
randomised clinical irials™ 1% and

studies
135,134

clinical
subjects have
beneficial effect of tweatment on
cardiovascular mortality. It seems
reasonable to conclude that
antihypertensive treatment reduces, but
does not fully reverse, the increased risk
associated with hypertension.

among hypertensive

demonstrated  a

Protective factors

Epidemiclogic studies have provided
strong evidence that a sedentary life
style is associated with an increased risk
of coronary heart disease.™ Physical
fitness was an independent predictor of
cardiovascular mortality in  middle-
aged, healthy Norwegian men.'”® The
“westernization”  of many societies
mncluding a decline in physical activity
is considered important for the
increasing prevalence of NIDDM. P %

In the present study, an inverse, non-
significant, relation was seen hetween
physical activity and MI and stroke, but
no  association  remained after
multivariable adjustment (not shown),
possibly because the effect is mediated
through variables that were included.®

Physical  activity was  inversely
associated with diabetes. The
association was weakened in

muliivariable analyses, but a protective
effect of borderline significance was
cbserved among obese men. This may
signify  that physical activity is
particularly beneficial for subjects who
are at high risk of disease. Insulin
sensitivity  increases in  working
muscles,’™ and the benefits of physical



activity is not dependent on weight loss.
Moderate physical activity equivalent
to very brisk walking or light effort in
bicycling, skiing or bali games for at
least 40 min/week was associated with
lower risk of NIDDM, and less
intensive activity was sufficient for risk

reduction among obese and
hypertensive men."*
A high HDL cholesterol

concentration was associated with a
decreased risk of M1 in our study, and a
similar dose-response relationship was
observed in the sexes. A graded relation
between HDL cholestercl and CHD was
also observed in several populations,
including Japanese men with far lower
total cholesterol levels than in our
study.”®  Physical aclivity increases
HDL cholesterol, but only a modest
association was observed between HDL
cholesterol and self-reported habitual
leisure physical activity in the Finnmark
Study.™

Heredity and early environment

No data on genetic markers were
included, but a family history of
premature corcnary heart disease may
be a marker of an inherited
predisposition, '*2%'# However, an
aggregation of cases within families
may represent both genetics and a
shared envirenment. The guestion on
family history of coronary heart disease
was unspecified with regard to age and
to  parental or sibling relations
{Appendix 1). When inciuded in an
analysis as in Paper 1, Table 6, family
history  {yes/no} was  positively
associated with Ml in men (RR 1.5;
5% CI, 1.2-1.8) and in women (RR
1.3; 95% CI, 0.9-2.0), but did not
confound the associations between other
variables and MI (unpublished).
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No direct data were available on
exposure to poverty or unfavourable
prenatal and infant living conditions.
We argued that a reduced body height is
a marker of unfavourable factors in
early life or childhood. Such an
assumption is based upon ecological
associations (Section 3.1), and we could
not assess whether a low height

represented a non-fulfilled growth
potential in individuals. Used in
epidemiologic studies without

individual information, the assumption
may be valid only in populations that
are relatively homogeneous with regard
to age and racial composition, since
height is also determined by genetic
factors,” and since average height is a
very sensitive indicator of a nation’s
public health status,'® changing living
conditions"™*'"* and of social class.™ A
reduced final height and increased
levels of serum glucose and indices of
insulin resistance were observed among
young adults who were born small for
gestational age.'™

An inverse dose-response
relationship was observed between
height and stroke (IV). The risk of
strocke was halved in the tallest as
compared to the shortest quartile in both
sexes, and the relation was observed
within ethnic groups (VI). For the other
endpoints, the associations with height
differed by sex. Height was inversely
related to diabetes in women, but not in
men (V). Height was inversely
associated with Ml in women (RR per 3
cm, 0.8; 93% CI, 0.7-0.9), but not in

men (RR  0.99, 93% CI,0.9-1.1)
(unpublished). The evidence of an
association  between  height  and

cardiovascular disease and diabetes is
inconsistent in epidemiologic literature,
as discussed in Papers IV and V.



Improved nutrition, mainly with
regard to a reduced salt intake and an
increased animal fat and protein content
in the diet, is believed to explain much
of the large decline in stroke mortality
in Japan after World War 1LY Poor
nuirition was widespread in Finnmark
during the first part of this century.”' All
subjects in this cohort were born before
the extremely difficult period in
Finnmark in 1944, but they were
children and voungsters during the war.
Height was apperently more strongly
related to intracerebral hemorrhage than
to other stroke subtypes (I1V). Height
and total cholesterol were inversely

related to fatal stroke, probably
reflecting the high proportion of
intracerebral  hemorrhage in  this

endpoint. Thus, this study provides
indirect evidence that nutritional factors
garly in life may be invoived in the
relatively high stroke mortality in this
county,™ in addition to the role of high
biood pressure and smoking. On the
other hand, the diverging associations in
the sexes between height and MIi, and
height and diabetes, call for cautious
interpretations.

5.4 Ethnic differences in risk factors
and disease

Genetically — and  environmentally
determined ethnic differences

Several genetically determined ethnic
differences have been reported from
North Scandinavian popuiations.'**""
Cn the other hand, ethnic differences in
a disease such as scurvy have been
attributed to corresponding differences
in diet,”"™ It is an old clinical
observation that scurvy did not occur
among highland Samis”' despite the
fack of fresh fruits, vegetables, and
potatoes. Reindeer meat is the
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traditional staple food among nomadic
Samis, and it is lean and relatively rich
in ascorbic acid,”  w-tocopherol, and
other anti-oxidants,'” Berries and herbs
were additional sources of vitamin C."”’
As recently reviewed,' observational
studies have found inverse associations
between anttoxidant vitamin intake and
coronary  heart  disease, while
intervention trials found either no
benefit (of beta carotene) or a possibie
benefit (of wvitamin E). The low
coronary mortality among Greenland
Eskimos is  attributed to  an
antithrombogenic  diet,'®  possibly
combined with genetic protective
factors.'™

Average serum cholesterol was
higher in Samis and Finns than among
Norse in this study. There is a difference

between Sami and non-Sami
populations in the distribution of
gepetic  types involved in  LDL
pelymorphism.'”  Apolipoprotein E

phenotype E4/4 | which is asscciated
with high serum cholesterol,’”® is
relatively frequent in Finland,”® and
Wwas more common among Samis than
among Finns in a Finnish study.'® The
high consumption of boiled, unfiltered
coffee in Norway,* ' and in Finnmark
in  particular,’ is probably of
importance  for the high serum
cholesterol levels in this population.
Lacking fresh cow’s milk, the
consumption of coffee may have been
even higher among nomadic Samis than
in the general population.’”’ Reindeer
herders living in a Sami area in Finland
had high serum cholestercl levels, but
more favourable serum concenirations
of antioxidants, which varied with the
weekly intake of reindeer meat.'™ The
authors attributed the observed lower
coronary mortality among the Samis to
diet rather than to genetics, Thus the



cross-sectional observations in
Finnmark of less coronary heart disease
among Samis,” could indicate a more
favourable life style or a genetic
advantage. In a mortality follow-up
study, Tverdal concluded that middle-
aged Sami men seem protected against
coronary heart disease, and suggested
that  genetic  factors may be
responsible.”® His conclusion contrasts
that of Paper VI, which also used the
two first Finamark surveys as the base
Hne. In our analysis, ethnic differences
in MI incidence were largely explained
by differences in well known risk
factors and height. The differences in
results will be discussed.

Two studies of ethnic differences in
coronary heart disease in Finnmark

A reanalysis of our material was done to
explore  possible  reasons for the
different results between Tverdal's
study” and Paper V1. There were some
methodological differences between the
studies, and the follow-up periods were
not identical. From Table 3 (Appendix
5), which includes men without a self-
reported history or symptoms of CHD,
it is apparent that the different
definitions of  ethnicity, with
concomitant differences in sample sizes,
did  not explain  the  different
conclusions. In Paper VI, subjects
with a previous Infarction, stroke and
diabetes were excluded, while those
with symptoms or diagnosed angina
pectoris, and subiects on
antihypertensive treatment were
included. Tverdal, on the other hand.
excluded all those subjects from one set
of analyses (subjects without a history),
or included all who had met (all
subjects). For comparison, results for all
men, and for men without a self-
reported history in our study population
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(VI} and in the study by Tverdal, are
presented in Table 4 (Appendix 3).
Tverdal’s exclusion of sudden deaths
from the coronary mortality endpoint
did not account for the low coronary
mortality among Sami men. We could
not adjust for income or education, but
those variables did not confound the
association between ethnicity and
mortality {Tverdal, personal
communication). Table 5 (Appendix 5}
comprises those men who actually were
inciuded in Paper VI, and elucidates
how different inclusion criteria within
that cohort would provide different
results, Sami “low risk” men had a
lower case fatality rate and a lower
CHD mortality rate compared with
Norse men born in Fianmark, while
Sami “high risk” men had higher rates.
On the other hand, the M} incidence
rates in the ethnic groups were more
similar within each risk-group. The
nature of the interaction between risk-
group and ethnicity with respect to
CHD mortality is not obvious. Adverse
interactions between drugs and risk
factors, an ethnic bias in treatment
policy or in cause-of-death
classification, selective mortality, and
ethnic differences in drug metabolism or
other genetic traits, should all be
considered possible explanations which
need investigations beyond the scope of
this thesis.

5.5 Sex differences in risk factors and
disease

Coronary heart disease and stroke

Coreonary heart disease is often labelled
amen’s disease because of the large sex
ratios in incidence and mortality
observed among voung and middle-
aged subjects. The male-to-female ratios
in the incidence of MI {4.6) and stroke



{1.4) in this study comespond well to

sex  ratios  in coronary  and
cerebrovascular  mortality  in many
countries.  Qur observation that

smoking is a stronger risk factor in
wormen, is consistent with previous, but
little-focused findings (see Paper I}. The
strong association between smoking and
MI in women may be related to the anti-
estrogenic effect of cigarette smoking.
Serum  lipids, including  HDL
cholesterol, are favourably influenced
by estrogen,'® and serum lipids in
women  increase  shortly  afier
menopause.' '™ Many attribute the sex
difference in coronary heart disease to
favourable effects of  female sex
hormones,'™ and claim support from the
great increase in coronary morialily in
women past the age of menopause,’®'%
However, coronary mortalily in women
is very close to that in men throughout
life, with a time lag of approximately 10
years, ™ making the role of endogenous
sex hormones less obvious.

Among women included i Paper
V, 1169 (21%) reported having
undergone menopause at base line. No
information was collected on age at
menopause, and time of transition from
pre- to post-menopause during follow-
up was not known. When included in a
multivariable  analysis, menopause
{ves/no) was noi 2 significant predictor
(RR 0.99) and did not confound the
relations between other risk factors and
MI. Postmenopausal hormone replace-
ment therapy (HRT) is widely claimed
to have a beneficial effect on
cardiovascular risk,’*™'”  but data on
adverse evenis, pooled from short term
clinical trials of postmenopausal HRT,
cast some doubt on that belief.™ No
data on such therapy was collected for
this study, but HRT was very little used
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by Finnmark women in the 1980s, as
discussed (7).

Our data (I} showed a similar one-
vear survival curve after M1 in men and
women, consistent with a  recent
review.'® If treatment policies after Ml
differed in the sexes, which has been
claimed by some authors,™™!  that
difference had apparently no impact on
survival up to one year. It is not clear
why more women than men were
treated for hypertension at base line,

given their lower blood pressure
distributions.
Total cholesterol was positively

associated with MI in both sexes, but
only at serum cholesterol = 7.40
mmol/L did the risk increase in women.
The dose-response relationship was
similar in smoking and nen-smoking
women. Given the simultaneous strong
association between smoking and MI,
coronary heart disease prevention
among middie-aged women should first
and foremost focus on the avoidance of
smoking.

Focusing on sex-related differences
in risk factors for stroke is less relevant,
because the stroke subtype distribution
differed by sex (Table 2 in Paper I1).

Sex differences in diabetes mellitus

Women with diabetes are at a relatively
much higher risk of developing Ml than
are diabetic men, compared to non-
diabetics of the same sex,'™"* Thus,
diabetes tends to eliminate the sex
differences in MI, and 55-64-vear old
women with diabetes had the same
incidence rate of Ml as did nondiabetic
men in the northern Swedish MONICA
population.’” Future diabetic women, in
contrast to non-diabetic women, had
baseline risk factor levels similar o
those of men {V), and this difference
was not dependent upon age or



menopausal status. Similarly, future
diabetic women had a relatively more
adverse risk factor profile than did men
in the San Antonio Heart Study.' This
may lend support to the view that
NIBDM is an android cendition.'™'
Women with severe hyperandrogenicity
are at increased risk of cardiovascular
disease and NIDDM, but women in
unselected populations, who have low
levels of sex hormone binding glebulin
and serum testosterone in the upper part
of the “normal” distribution, are also at
increased risk.”” Body mass index was
a strong predictor of diabetes, but the
dose-response relationship was
weakened in women by multivariable
adjustment, with HDL cholesterol being
the main confounder (V). It was not
possible 10 examine whether a “male”
fat distribution in some women could
explain the sex difference in the
relationship between body mass index
and  diabetes.  Among  Mexican
Americans, centra] adiposity was more
strongly asscciated with diabetes
incidence in women than in men,'”’ and
measures of central adiposity provided
additional prediction of NIDDM beyond
that of body mass index in female,
mainly white, American nurses.”’® The
diabetes incidence among Sami women
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was lower than expected from their
mean body mass index (VI), but our
data were Insufficient to examine
whether there were correspending inter-
ethnic differences in obesity pattern.

It is not completely understood why
some women develop a male fat
distribution when they gain weight, and
with few exceptions,’™ possible sex
differences in insulin resistance have
been little discussed.* " A low HDL
cholesterol is one of the major features
of the insulin-resistance syndrome,™*®
and the dyslipidemia may account for
the excess cardiovascular risk among
diabetic subjects.’® HDL cholestero] is
an equally important protective factor
for MI in both sexes (1), and the strong
dose-response relation between HDL
cholesterol and future diabetes among
women which was observed in this
study, may be relevant for the
apparently accelerated atherosclerosis in
diabetic women.'” Further studies are
needed to fully disclose the differences
in the relations between cardiovascular
disease and diabetes in the sexes. Such
studies should include measures of
insulin resistance.



6. SUMMARY

Resulis from the Finnmark Study are
consistent with findings from numerous
cardiovascular studies worldwide, that
smoking, serum cholesterol and blood
pressure are the most important risk
factors for myocardial infarction. By
contrast, blood pressure was a sirong
determinant, while total and HDL
cholesterol were unrelated to a fatal
outcome of MI. The siudy confirmed
that blood pressure is the most
important determinant for stroke, and
that body mass index is a major
determinant for diabetes mellitus. Body
height was a strong predictor of stroke
in both sexes and predicted diabetes in
women. The resuits are consistent with

the view that both early living
conditions and modifiable lifesiyie
factors are determinants of cardio-

vascular diseases and diabetes in adult
age. In addition, the Finnmark Study
has provided evidence for sex
differences in risk factors, that at
present are little known or poorly
understood, and which, therefore,
should be investigated further.
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7. CONCLUDING REMARKS

Focusing on those who do not get sick,
and not only on those who do get sick,
was a fruitful advantage of epidemio-
logy over clinical medicine to enhance
the understanding of risk factors and
causes of major chronic diseases.'™
Within epidemioclogy, studying men and
women within the same population,
who share some, but not all exposures,
and who have different rates of disease,
may offer important clues for
uncovering causal  relationships.
Population-based studies such as the
Finnmark Study, are well suited for the
purpose. However, although the present
follow-up covered 15 vears, the low
numbers of incident cases limited the
analytic possibilities. A prolongation of
the follow-up period would greatly
increase the scientific value of the
analyses, and should be performed in
the future.

Cardiovascular diseases and
diabetes are multifactorial diseases, and
genes, early environment and lifesiyie
interact in complex webs where causes,
mere associations and consequences are
not yet fully clarified. At this stage of
knowledge it should be stressed, first,
that “bad” genes, or an adverse fetal or
chiidhood  environment, do  not
determine future cardiovascular disease,
only disease susceptibility; and second,
that disease susceptibility may be
modified by self-determined behaviour.
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MELDING OM SKIERMBILDEFOTOGRAFERING Skjermbildefotograferingen kommer na til

Deres distrikt.

OG HIERTE-KARUNDERS@KELSE : . )
Tid og sted for Deres frammate vil De finne

{Gjelder bare den person brevet er adressert Hil) nedenfor.

Qgsa denne gangen vil en del av befolkningen
fa tilbud om hjerte-karundersekelse. De tilherer
denne gruppe. En orientering om undersakelsen
er gitt | vedlagte brosjyre.

— - Vennligst fyfl ut sporreskjemaet p& baksiden

! og ta det med til undersokeisen. Ta ogsd med
tuberkulinkort eller helsebok, om De har.

Fraveer bes eventuelt meldt pa vediagte seddel.

Med hilsen

L. _ HELSERADET FYLKESLEGEN
STATENS SKJERMBILDEFOTOGRAFERING

Fodt dato Personnr. Kommune Kretsnr.
Forsie
bakstay
Motested Kignn etternavn Dag op dalo Klokkeslett

SKRIV IXKE HER'

T8 Mo oML i Y ; —— I "




A

Har De, eller nar De hatt:

Hjerteinfarkt? (... ..o

Angina pectoris (hjectekrampel? . |
Annen hiertesykdom T . . ..
Areforkalkning i Dena?

Hiarnestag? . .. . ... .... e e

Su'rckersyke? e e e e e e e e e

Er De under behandling for:

Hovt bBlodtrykk T . 0 0 Lo oL

Bruker De:
Nitroglycerin? . ... .. ...

B

Far De smerter eller ubehag 1 brystet nar De:

Gar { bekker, trapper eifer fort Pa‘ flat, mark T

Gar i vanlig takt pad flat mark ? |

Hvis De {ar smectec eller ubehag | bryste
ved gange , plefer De da 3

1 Stamse? | ...
2 Sakire {arten?
3 Forisette | samma takbt?

Hvis De stanser eller saktner farten,
forsvinner smectene da:

1 Eiter mindre enn 10 minutter ¢

2 Etter rmar erm 10 minatter ? | .

Fir De smerter | tykkleggen nar De

GET L

Eriro? . e

Hvis De far leggsmerter, besvar da -

Forverres smartsme ved raskere

tempo @lier [ baxker ? | ., . 0. ...

Gir smertene sag nir Do stopper 7
Har De \.’anifgvf5=
Hoste omn maorgenan?

2

O?‘:\spx{tt fra bryster o morganan ..

D

Ro\(ker De daglfg for tiden? .. .......

Hwis svaret var ,JA” 04 forrige sparsmél
besvar da: P i 3 e ’

Reyker De sigaretter daglig? .. ......
{hérd-ullede elier fabrikkframstilte)

Hvis De tkke revker sigaretter nZ, besvar da.
Har De rovkt sigaretfer daglig Hdligere 7 |

Hyis De svarte ,JA”, hvor tenge er deb
siden De siutteb?

Mindre enm D maneder?

1T = B &% L

4 Mer enn 5 4Ar?

1
2 3 wmineder - 183
.3

Besvares av dem som royker a2 eller har
raykt tidligere :

Hvor mange ar tilsammen har De
revikt daglig ? ... Lo L L.

Hvar wiange sigaretter rayker eller
revykie e claglig? Oppgl artaligr. dag s
(handrullede + {fabrikk framstilte)
Royker De noe annel enn sigaretter daglig?
Sigarer eller secutter foigariilos? || |
P:‘r-:,e? ........... e e e e

Hyis De rovker \'1:;‘6r hvar mange pakker
tobakk {30 gram bruker De i pips pruke ?

H

Oppgi gjernomsaittlig antell pakker gr.uke.r‘ - i ;

C

Bevegelse kroppslig anstrengelse |
De.fag {riiei d.PP _9 - N

Hvis aktiviteten varjerer meget [elks.
mellom sommer og vinter 54 ta et
g}enno)-nsm'tt.

Spersmalet glelder bare det siste dret.

Seit kryss i deet ruten hvor.JA"Pa:.ser beat.

1 Lesaer,ser pd flarnsyn eller annen
stillesitlende beskie{tigelse ? .

2 Spusecer, sykier 2ller beveger Dem o3
Annen mate miask A timer | uken? [

(He:i medregnes 0gsa gang eller syklfng)
Hi arbejdestedetl., sondagsturer m.m.

3 Driver mosjensidreit, tyngre hage-
arbeid e (.7 ... . .

(Merk at virksomhetean sial vars minst

4 Eimer ¢ uker,

4 Trener hacdt siler drver konkurranae-
idrett, regelmessig og flere ganger

Fuken? 70000000 .

E JAINES

Har De vaniigvis skiftarbeid elfer nattarbeid?,,

Kan De vanligvis komme hjem fra arbeidet:
Hver dag ?

Hvarhelg?..........,.-.,...-—u

Har De | perioder langre arbeidsdager
ennm vanlig? . .. 0 L L. T L.,

{ { eks. wunder sesongfiske ,onnearbe d !
Har De 1 lepet av siste &ret hait:
Setthryss B den ruten hvor . JA passer best

1 Overveienda stillesittende arbeid? .. .,

(f.eks skrivebordsard S UrmAKEFacD,, rmontering )

2 Arbeid som krever at De gar mye ? | |

(§.aks. skzpedi torsm tott Industarb., undarvian)
3 Arberd hver De gir og lofter myal . .
{{.aics, postbud y tgrmgre industnard | bygn ngsars )
4 Tungt kroppsarbeid 2 . ... ... . ...
(f.eks skogsarbeid, bungt jordbrisort tumat
g )

Har De i fepetav de siste 12 mnd mSitet.
yite [rg hjemstedat pf grumm av
{orandring arbeidssituasionen? e R

Er husmoracbeid Deres hovedyrke 2., ..,

Har Qe i lopet av de siste 12 mnd £5&L
arberdsladighetstrygd ?

Er De for tiden sykmeldt eller 8- De
atifeoringspenger? .. .0 L L.,

Har De {ull eiler delvis uferepension . .

Har noen ; Deres husstand (utenem

Do gele ) vrl manihalt L nmrmere under -
sohelse hos distrikisiegen etter formige
L}

hijerte-kar undecrselkeise ?

F

Har en ellec {lece av foreldre eller sosken
hatt hjerteinfarkt (3¢ p3d hiertet)
eiter 3ngina pectoris (hijertekrampa) ?

Er to eller {iere av Deres besteforeldre
av finake w7 O L0 )L

Er to eller {lere av Deres besteforaldre
av samisk wmibT .




English translation of the questionnaire used in the cardiovascular disease
study in Oslo* 1972.73, Norwegian counties 1974-78 (Finnmark, Oppland
and Sogn og Fjordane) and Tromsg 1974,

English translation; Mr. Kevin McCafferty

Tick “yes/no™ or “yes”, as appropriate.

Part A

Have you, or have you had:
3 heart attack?
angina pectoris (heart cramp)?
any other heart disease?
hardened arteries in the legs?
a cerebral stroke?
diabetes?

Are you being treated for:
high blood pressure?

Do you use:
nitroglycerine?

Part B
Do you have pain or discomfort in the chest
when:
- walking up hills or stairs, or walking fast
on level ground?
- walking at normal pace on level ground?

If you get pain or discomfort in the chest when
walking, do you usually:

(1) stop?

(2} slow down?

(3) carry on at the same pace?

If you stop or slow down, does the pain
disappear:

{1) within 10 minutes?

(2) after more than 10 minutes?

Do you have pain in the calf while:
- walking?
- resting?

If you get pain in the ecalf, then:
- does the pain increase when you walk
faster or uphill?
- does the pain disappear if you stop?

Do you usuvally have:
- eough in the moming?
- phiegm chest in the moming?

Part C

Exercise and physical exertion in leisure time.
If your activity varies much, for example
between summer and winter, then give an
average. The questions refer only to the last
twelve months.

Tick “YES” beside the description that fits
best:

(1) Reading, watching TV, or other
sedentary activity?

(2) Walking, cycling, or other forms of
exercise at least 4 hours a week?
(including walking or cycling to place
of work, Sunday-walking, etc.)

(3) Participation in recreational sports,
heavy gardening, etc.? (note: duration
of activity at least 4 hours a week).

(4} Participation in hard training or sports
competitions, regularly several times a
week?

Part D*

Do you smoke daily at present?

If “Yes™
Do you smoke cigareties dasly?
(handrolled or factory made)

¥ you do not smoke cigareties at present:
Have you previously smoked cigareties
daily?

H “Yes”, how long is it since you stopped?
{1) Less than 3 months?
{2) 3 months to § year?
{3) ] to 5 years?
{4) More than 5 years?



For those who smoke or have smoked
previously:

How many years altogether have you

smoked daily? Number of years ...........
How many cigareties do you, or did you,
smoke daily? Give number of cigarettes per
day (handroiled + factory made)

Number of cigarettes ...

Do you smoke tobacco products other than
cigarettes daily?

- cigars or cigarillos?

-z pipe?

If you smoke a pipe, how many packs of
tobacee (50 grams) do you smoke per week?
Give average number of packs per week.
Number of tobacco packs ..o

During the last year, have you had: (Tick
“YES” beside description that fits best):

(1) mostly sedentary work? (e.g., office

work, watchmaker, light manual work)

(2} work that requires a lot of walking?
(e.g., shop assistant, light industrial

work, teaching)

(3) work that requires at lot of walking and
lifting? (e.g., postman, heavy industrial
work, construction}

(4} heavy manual labour? (e.g., forestry,
heavy farmwork, heavy construction)

During the [ast 12 months, have you had to
move house for work reasons?

Is housekeeping your main occupation?

Have you within the last 12 months received
unemployment benefit?

Are you at present on sick leave, or receiving
rehabilitation allowance?

Do you receive a complete or partial disability
pension?

PartE

Do you usually work shifts or at night?
Can you usually come home from work:

- every day?

- every weekend?
Are there periods dering which your working
days are fonger than usual? {e.g.: fishing
season, harvest)

*In Oslo preset groups of cigarettes smoked
per day and packs of pipe tobacco smoked per
day (see original questionnaire)

Part ¥ (alternatives: yes, no, don’t know)

Have one ¢r more of your parents or sisters or
brothers had a heart attack (heart wound) or
angina pectoris (heart cramp)?

In Finnmark and Tromse only:

Are two or more of your grandparents of
Finnish origin?

Are two or more of your grandparents of Lapp
origin?









ga‘{:@%. Statens
%@.1 /€ helseundersekelser
"ﬁ@q&

(tidl. Statens skjermbildefctografering)

UNIVERSITETET | TROMSO

INSTITUTT FOR
SAMFUNNSMEDISIN

Brevet er laget pa bade samisk og norsk. Bruk det
sprak som passer deg! Pa baksiden star det noen
sparsmat vi ber deg svare .

Reive lea sihke sdmegillii ja dédrogillii. Geavat dan giela
mii dutnje buorebut heive! Duogdbeaide ieat moadde
gazaldaga maid dvzzuhit du vastidit,

Kjzre mottager!

Den haye forekomst av hjerie/karsykdommer er et storl
helseproblem i Finnmark og | Norge. Derfor ensker vi &
finne ut mer om hvordan sykdommene kan forhindres.
For & firne ut hvorior noen blir syke ma vi vite hvem
som blir syke og hvem som holder seg friske.

Du er en av dem som i 1970-4rene deltok i hjerte-
karundersekelsene | Finnmark. Undersekeisene ble
gjort av Statens skjermbidefotografering (nd Statens
helseundersekelser) i samarbeid megd Universitetet |
Tromse og Helsetjenesten i Finnmark. Et av
hovedformalene var 4 finne ut mer om arsakene til
hierte/karsykdom og andre kroniske sykdommer,

Staiens helseundersekelser og Universitetet | Tromse
ved Institutt for samfunnsmedisin sender ut detle
brevet for & {2 vite hvem som har {3t hjerte/karsykdom
og andre kroniske sykdommer siden undersgkelsene
fant sted. Bravet blir sendt til alle som deltok .
Rjerte/karundersgkelsene, og vi haper at du vil svare pa
spersmélene (se baksiden) sa fullstendig som mulig.

Det er selvsagt {rivillig & svare pa brevet.
Opplysningene vil bare bl brukt i forskning og blir
behandiel strengt fortrolig. Vi ber ogsa om af du gir 0ss
tillatelse (ved & undertegne tillatelsen pd baksiden) til &
ia opplysninger {ra lege/sykehus der du eventuelt har
vart behandlet. Slike opplysninger er viktig for &
avgiere neyakilg sykdommens art og alvorlighetsgrad.
Dersom du ikke ensker & besvare brevet, vit dette ikke
& noen konsekvenser for deg.

Vi har it hensikt & fortsetie & folge alie som ble
undersokt ved hiene/karundersekelsene over lang tid
(20-30 &r). Opplysningene vi na far blir derfor arkivert,
siik at vi kan benytte dem i senere analyser av
sykelighet.

Vennligst send det utfylte skiemaet tilbake | vediagte
konvolult. Portoen er betalt.

P& forhand takk!
Med vennlig hilsen
Fyikeslegen i Finnmark Universitetet i Tromse

tatens helseundersekeiser

Buorre vuostaivaldil

Véibmolfvarrasuotnaddvddal leat stuorra dearvvas
vuodalas vuorjjan Finnmdrkkus ja Morggas. Danne
déhtoseimmet gavnnahit vugiid mo déid davddaid
hehttet. Gévnnahan dihtii manne muhtumat buohccdjit,

mii fertet vuos diehtit geat dat buohccajit ja geat dat
bissot dearvvasin.

Don leat okia dain olbmuin gudet 1970-jagiid ledje
mielde vaibmolvarrasuoinaiskkadeamis Finnmarkkus.
Iskkademild tadahedje ovitas Stahta suonjargovat
(délés Stahta dearvvadvuodaiskkadeamit), Romssa
Universitehta ja Dearvvadvuodabdlvalus Finnmarkkus.
Valdoutbmil lei gavnnahit eambbo das manne vaibmo/
varrasuotnadavddat jz eardge bisievas davddat
tuozziit.

Stahtd dearvvadvuodaiskkadeamit ja Romssa
Universitehta servodatmedisiinna ossodaga bokte
séddgjit dan reivve olbmuide dido®ian dihtii geat leat
buohccan vaibmolvarrasuotnaddvddaid ja eara bistevas
dévddald mannd iskkademild. Reivve saddejuvvo sidjii-
de gudet serve vaibmolvarrasuotnaiskkademiide, ja mi
doaivut don vastidat garaldagaide (geahta duogs
beallai) nu darkilit go jue séhtezat.

Diedusge lea friddja 435 vastidatgo vai it. Diedut
geavahuwvoiit avkin dutkamis ja daid eai vatio
sahteoibmot. Mii jearrat maid lobi dus vierzat dieduid
doaktaris/buohceiviesus gos leat leama$ diviius (ja
dan lobi attdt midjiide go tdldt iezat nama dan bahpirii
nuppe beallai). Dat diedut feat dehdlaat go galgat
darkilit mearredit ddvdda luonddu ja vearrdivuoda. Jos
it ddhto véstidit dan reivve, de i leat dus geatnegas-
vuchta dan dahkat.

Min ulbmil lea joatkevatlat tuovvut sin buohkaid gudst
ledje vditbmofvarrasuotnaiskkademiin (20-30 jagi).
Disdut maid ddl attdt, mii denne vurkkodas, vai sahttit
datd geavhit boahttevas buchcuvuoda darkkastaliamiin.

Leage nu buorre ahte deavddat dén bahpira ja saddet
dan mieldetuovvy reivegokiasis ruovitoluctta.

Giitit du ovddalgintii!
tJstitias dearvvuodaiguin

Finnmarkku fylkkadoavttir Romssa Universitehla
Stahta dearvvadvuodaiskkeamit




Har du noen gang vaert behandiet av lege for en eller
flere av de folgende sykdommer?

Kryss av for hver sykdom {og angi eventuelt hvilket &r
sykdommen ble oppdaget):

Ja Nei Arstaif

Hjerteinfarkt (s&r pd hjerter) (I N £
Hjertekrampe {angina pectoris} L] Q 19..
Heyt blodtrykk (tablettbehandlet) O L 18
Sukkersyke {diabstes) O OO 1s.
Hjerneslag (hjarnebledring, drypp) Q 19
Magesar g L 19
térhalsbrudd E R T 1 I

Ja Nei
Har du veert innlagt p& sykehus etter 19707 O &

Hvis du har veert innlagt pa sykehus eiter 1970, skriv
da i det dpne feltet under hvor (hvilket sykehus og
avdeling) og nér {hvilken maned og &r) du var innlagt.
Dersom du har hatt flere sykehusopphold, ber vi om
opplysninger om aile.

Hvis du har vaert innlagt elfer har hatt noen av de
ovennevnte sykdommer, ber vi om & {4 innhente
opplysninger fra sykejournal. Vi ber deg derfor &
undertegne falgende erkizring:

Jeg samtykker i at opplysninger kan hentes fra min
journal om de sykdommer som er nevnt.
Opplysningene ma bare brukes slik det framgar i
otienteringen om denne undersokelse.

Sted: . ... Date: L1881

Unde:skrif

Leatgo goassege Saddan doaktara lusa dds
namahuvvon davdda geaZil? Sargulastie juohke davdda
nammii mas leatat buchcan (ja diedit gude jagl ddvda
fuomasuvvuil:

Juo in Jahki
Vaibmoinfarkta (vaibmohavvi} 0o
Vaibmogeassahat {angina pectoris) L. I 19
Allz varradeaddu {tableahttadiksu) L L1 1
Sohkarddvda {diabstes) i 18
Vuoinnastaskkastat .
{vucinnasvardin) 3 g 19
Coavjehawi 0 o1e
Doddiojun toarbeaincras O O s
Jdue in
Leatgo saddan buchecivissui manng 19707 0o

Jos leattat ieamas buchcciviesus manna 1970, de télis
dén siiddu vuolit ruktdi man buohgciviesus ja
ossodagas ja gude manus ja jagis don ledjet doppe.
Jos eambbo gerddiid leat leamas buohccivigsus, de
talis buot gerddiid birra,

Jos dus lea ieamas oktage dds bajadbealde
namuhuvvon davda, de jearrat dus obi vierZat
doaviiergirjjiin dieduid du ddwdda birra. Don galggat de
fobi attedettiin &allit namat dén cealkdmuia vuglai:

Mun miedihan addit lobi viezzat dieduid mu davdda
birra doavitergirjjiin. Diedut galget geavahuvvot nu
mo dan bahpiris dlgejuvve.

Baiki: Beaiviw. .. 1991

Vupitidl nemma

Om sykehusopphoid.
(Sykehus/avdeling og tidspunkt.)

Buohcciviesu birra diedut.
(Buochcciviessu/ossedat fa digi.)




This letter is written in Sami and in Norwegian. Use the language which you prefer.
On the reverse side are some questions which you are requested to answer.

Dear recipient!

The high frequency of cardiovascular diseases 1s 2 major health problem in Finnmark
and in Norway. Therefore, we are trying to find out how the diseases can be prevented.
In order to understand why some people become 1il, we must determine who becomes iil
and who remains healthy. You are one of those who participated in the cardiovascular
surveys in Finnmark in the 1970s. The National Health Screening Service, in co-
operation with the University of Tromse and the health care providers in Finnmark,
performed the surveys. One of the main purposes was to find out more about causes of
cardiovascular diseases and other chronic diseases.

The National Health Screening Service and the Univessity of Tromse, represented by
the Institute of Community Medicine, are distributing this letter to find out who has had
cardiovascular diseases and other chronic discases since the surveys took place. The
letter is being mailed to ail who participated in the surveys, and we hope that you will
answer the questions (see reverse side) as completely as possible.

Answering the letter is, of course, voluntary.

The information will only be used for research purposes and will be treated with strict
confidentiality,. We also ask for your consent (by signing the consent form on the
reverse side) to collect information from the physician/hospital where you were treated.
Such information is important to determine the exact nature and severity of the disease.
If you decide not to answer this letter, there will be no consequences for you.

We intend to continue to follow up everyone who participated in the cardiovascular
surveys for a long time (20-30 years). The information that we receive now will be
stored, so that we can use it in later analyses of morbidity.

Please return the completed questionnaire in the enclosed envelope. The postage has
heen prepaid.

Thank you very much!
Wiih kind regards,
The County Medical Officer in Finnmark The University of Tromsg

The National Health Screening Service



Has a doctor ever treated you for one or more of the following diseases?
Tick the appropriate box for each disease (and write in what vear the disease was
discovered):

Yes No Year
Myocardial infarction (heart attack) 19
Angina pectoris (heart pain) 19
High blood pressure (drug treated) 19
Diabetes 15
Stroke (brain haemorrhage, minor stroke) i6
Stomach ulcer 19
Hip fracture 19
Yes No

Have you been admitted to a hospital since 19707 D D

If you have been admitted to a hospital since 1970, write in the space below where
(which hospital and department) and wher (which month and year) you were
hospitalised. If you have had several hospital stays, please provide information
conceraing all of them,

[f you have been hospitalised or have had any of the above-mentioned diseases, we ask
for your permission to obtain information from medical records. We therefore ask vou

to sign the following statement of consent:

I consent that information concerning the diseases mentioned above may be retrieved
from my medical records. The information shall only be used as stated in this letter.

Place: Date: 1991

Signature

Information regarding hospital stays.
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Forespesrsel om opplysninger til forskningsformdl:

INSIDENSUTVIKLING AV HJIERTE-/KARSYKDOM OG DIABETES BLANT MENN
OG KVINKNER 20-49 AR I FINNMARK.

Prosjektet er en oppfelging av hjerte—/karundersgkelsene som
Statens Helseunderspkelser gjennomfprte i 18974 og 1977 i
samarbeld med helsetjenesten i Finmmark og Universitetet i
Tromse. Hensikten er & kartlegge forekomst av hjerteinfarkt,
siag og diabetes 1 tidsrommet 1974-90 blant dem som ble
undersgkt. Sykdomsforekomst vil bli sammenholdt med registrerte
risikofaktorer. Ingen personidentifiserbare opplysninger vil
bli publisert. Sykdomstilfelle registreres via journalarkiv ved
sykehus, dgdsdrsaksstatistikk, SSB, og spegrreskijema til
deltakerne.

Prosjektet er godkjent av Datatilsynet (ref 50/954-3 TSA) og
Helsedirektoratet (ref 90/03145 4 GHe) og av Regional komite
for medisinsk forskningsetikk {sak 6/%1).

PoCe@e cresrnrenoenoocooconoscnnannsnnsas trediaeaen e eeeean -

og har gitt skriftlig samtykke til innhenting av
journalopplysninger om sykdommen.

Vi ber om & f& tilsendt relevante epikriser.

Med vennlig hilsen

Inger Niglstad

prosijektleder Postadresse:
Inger Njplstad
Universitetet i Tromsg
Institutt for samfunnsmedisin
Breivika
8000 Tromsm

UNIVERSITETET { TROMSG



Tromsa, ..ccoceceveernee.. 15992

Request for information for research purposes:

INCIDENCE TRENDS IN CARDIOVASCULAR DISEASES AND DIABETES
AMONG MEN AND WOMEN 20 - 49 YEARS OLD IN FINNMARK

This project is a follow-up of the cardiovascular surveys which the National Heaith
Screening Service carried cut In 1974 and 1977 in a collaboration with the Health
Services of Finnmark and the University of Tromse. The aim is to determine the
incidence of myocardial infarction, stroke, and diabetes during 1974-60 among those
who participated. The incident cases will be linked to the risk factors registered. No
information will be published that can be traced back to individuals. Incident cases are
being detected from medical record files in hospitals, cause-of-death statistics at Central
bureau of Statistics of Norway, and by a postal questionnaire to the participants.

The project has been approved by the Data Inspectorate (ref 90/954-5 TSA), by
the Directorate of Health (ref 90/03145 4 GHe), and by the Regional Cominitte for
Research Ethics (case 6/91).

has informed us that he/she was admitted to

hosSpIal/AWaIG . oo rensrsvrinreeeees PEIHO i
BRCAUSE OfF oo ettt et et eme et em e eneaane
and has given written consent to collect medical information about the disease.

We will kindly ask you to send us the relevant letters of discharge,

With kind regards

Inger Njplstad Mail address:
head of the project



UNIVERSITETET | TROMSQ

INSTITUTT FOR
SAMFUNNSMEDISIN

Tromse, 5. nov. 1901

Forespersel om opplysninger til forskningsformdl:

INSIDENSUTVIKLING AV HJERTE-/KARSYKDOM OG DIABETES BLANT MENN
OG KVINNER 20-49 AR I FINNMARK.

Prosjektet er en oppfelging av hjerte-/Xarundersekelsene som
Statens helseundersokelser gjennomferte i 1974 og 1977 i
samarbeid med helsstjenesten i Finnmark og Universitetet i
tromse.

Hensikten er & kartlegge forekomst av hjerteinfarkt | slag og
diabetes blant dem som deltok. Sykdomsforekomst vil bii
samuenholdt med registrerte risikofaktorer. Sykdomstilfelle
registreres via journalarkiv ved sykehus,
Dedsérsaksregisteret, S$SB, og sperreskjema til deltakerne.
Ingen personidentifiserbare opplysninger vil bli publisert.

Prorjektet er godkjent av Datatilsynet, helsedirektoratet og
av regional etisk komite. Fylkeslegen i Finnmark stetter
undersgkelsen.

En del av de innsamlede opplysninger er uvfullstendige mht

diagneosegrunnliag og tidspunkt for 1. gangs sykdomstilfelle.
De er oppgitt som behandlende lege for

Jeg héper at De vil vare behjelpelig med supplerende
opplysninger, jfr vedlagie skjema.

P& forhdnd takk for hijelpen!

Med vennlig hilsen

Inger Niglstad
prosjektleder/stipendiat



Tromse, Nov 5 1991

Request for information for research purposes:

INCIDENCE TRENDS IN CARDIOVASCULAR DISEASES AND DIABETES
AMONG MEN AND WOMEN 20 - 52 YEARS OLD IN FINNMARK

This is a follow-up of the cardiovascular surveys which the National Health Screening
Service carried out in 1974 and 1977 in a collaboration with the Health Services of
Finnmark and the University of Tromse. The aim is to determine the incidence of
myocardial infarction, stroke, and diabetes among those who participated. The incident
cases will be linked 1o the risk factors registered. Incident cases are being detected from
medical record files in hospitals, the Cause of Death Registry at Central Bureau of
Statistics of Norway, and from a questionnaire to the participants. No information will
be published that can be traced back to individuals.

The procject has been approved by the Data Inspectorate, the Directorate of
Health, and by the Regional Committee of Reseach Ethics. The County Medical Officer
in Finnmark is supporting the study.

Some of the medical information collected is not complete with respect to
diagnostic criteria and the time of first event.

You have been named as the attending physician of

[ hope that you will provide additional medical information, ¢<f. the enclosed form.

Thank you for your help!

With kind regards

Inger Njolstad
kead of the project/research fellow









MORBIDITY REGISTER DATA

Myocardial infarction
Date of :
first clinical MI, first silent M, bypass surgery
Diagnostic criteria:
Symptoms
Cardiac enzymes; including maximum value of ASAT, CK, LDH
ECG changes; including type of MI ((/non-Q wave, location of infarct)
Autopsy results
Risk conditions:
Antihypertensive treatment, angina pectoris by time of event.
Therapy:

Strepiokinase (ves/no) at hospital admission

Cerebrovascular disease
Date of:

first stroke, carotis endarterectomy, cerebral aneurysm surgery
Diagnostic criteria:

Lumbar punction

Angiography

Cerebral tomography

Autopsy results

Risk conditions: Antihypertensive treatment, transient ischemic attack (TIA )

Diabetes mellitus
Date of diagnosis :

(midpoint estimation in cases where a time interval was reported)
Therapy:

Oral antidiabetic agents (year started)}

Insulin {year started)

Risk condition:  Antihypertensive therapy by time of diagnosis
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Smoking, Serum Lipids, Blood Pressure, and
Sex Differences in Myocardial Infarction

A 12-Year Follow-up of the Finnmark Study

Inger Njoistad, MD; Egil Arnesen. MDY Per G. Lund-Larsen, MD

Background Few cpidemiclogical studics have investigated
the relative importance of major coronary risk factors in the
two sexes within the same stedy population. In particular, it is
not clear whether smoking carries a similar risk of coronary
heart disease in men and women.

Methods and Resuits The associations between smoking,
serum lipids, blood pressure, and myocardial infarction were
cxamined in 2 population-based prospective study of 11843
men and women aged 35 to 52 years at entry. During 12 years.
495 cases of first myocardial infarction among men and 103
cases among women were identified. Myocardial infarction
incidence was 4.6 times higher among men. The incidence was
increased sixfold in women and threefoid in men who smaoked
at least 20 cigarettes per day compared with never-smokers,
and the rate in female heavy smokers exceeded that of never-
smoking men. Multivariate analysis identified current smoking

as a stronger risk factor in women (relative risk, 3.3; 95%
confidence interval [CI}, 2.1 1o 5.1) than in men (relative risk,
1.9; 93% CI, 1.6 to 2.3). Among those under 45 years old at
entry, the smoking-refated sex difference was more pronounced
(in women: relative risk, 7.3; 95% Cl1, 2.6 1o 19.1) {in men:
refative risk, 2.3; 95% CI, 1.6 10 3.2). Serum total cholesterol,
HDL cholesterel, and systolic blood pressure were also highly
significant predictors in both sexes.

Conclusions  Smoking was a stronger risk factor for myocar-
dial infarction in middle-aged women than in men. Relative
risks associated with serum lipids and blood pressure were
similar despite large sex differences in myocardial infarction
incidence rates. (Circulation. 1996;93:430-4536.)

Key Wards e coronary disease e smoking o biood
pressure e epidemiology e lipids

erum total cholesterol, HDL cholesterol. smoking,
and blood pressure are established major risk
factors for coronary heart disease. They are often
presumed (o apply similarly 10 both sexes! despite the
current threefold to fivefold higher coronary heart dis-
case moriality among men in industrialized countries
and despite the scarcity of prospective studies published
on risk factors in women. Among the few siudies that
actually had the potential to explore sex differences in
risk factors within the same population, several had a
limited number of coronary heart disease cases among
women®® or the inclusion of various “soft” disease
manifestations in the coronary heart discase end point.”
The present study is the third prospective study®® 1o
examine relationships between smoking. other major
risk faciors, and myocardial infarction incidence in the
two sexes. Furthermore, it s the only siudy restricted to
a middle-aged popuiation. Other large studies of smok-
ing and coronary heart disease that included both sexes
used mortality as an end point and lacked baseline
information on other major risk factors.i** Although
thoroughly investigated i men, current knowledge of
the relation between smoking and myocardial infarction
in women stems mainly from case-control studies™®
and the prospective Nurses™ Health Study.??

Regeived July 17, 1995 revision teceived Scpiember 5, 1993,
accepted September 11, 1995,

From the Instituie of Community Medicine, University of
Tromse, Norway {L.N.. E.A.), and the Natiopal Health Screening
Service, Osle, Norway (P.G.L.-L.).

Reprint requests to Dr Inger Njolstad, Institute of Community
Medicine, University of Tromse, N-9037. Tromsce, Norway. E-mail
ingern@ism.uil.no.

£ 1996 American Heart Association, Inc.

We examined the relations between smoking, serum
lipids, and blood pressure and the incidence of myocar-
dial infarction in a population-based, 12-year follow-up
of nearly 12 000 men and women aged 35 to 32 years at
study entry. Sex-stratificd analyses with validated and
identical end points aliowed comparisons of risk facter
patterns in the two sexes. The dose-response relation
between smoking and myocardial infarction and possible
risk modifying effccts of serum lipids and blood pressure
was assessed.

Methods
Study Population

In 1977, all residents aged 35 to 52 vears and a sample of
those aged 20 to 34 years in Finnmark County in Nerthern
Norway were invited to a cardiovascular screening. In all
20 683 subjects were invited through a personal, mailed letter.
The survey was organized by the Natipnal Health Screening
Service, and details of study design and procedures have been
published. ¥ The present analysis is limited 1o age group 33 to
32 vears, in which 12 785 subjects (87.8%) attended the screen-
mg. Eighty-elght men and 11 women were excluded from the
follow-up because of verified myocardial infarction or hospi-
talization as a result of a severe attack of angina pectoris before
screening. Persons with self-reported angina pectoris but no
previous infarction-suspect attack (93 men and 71 women)
were included, as were 33 male and 23 female diabetics.
Baseline values of HDL cholesterol were missing in some
subjects, leaving 11 843 subjects available for analysis. Almost
20% of these were of Finnish origin, 135 were Sami, and the
rest were Norse (509} or of mixed ethnicity.

Screening Data and Procedures

Enclosed with the letter of invitation was a questionnaire
that covered history and symptoms of cardiovascular disease,
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ethnicity, and smoking habits. Current and previous smokers
were asked about the number of cigareties smoked per day,
number of years smoked, and, in case, time since smoking
cessation. The questionnaire was 10 be completed at home and
brought to the examination, where it was checked for
consistency.

The examination included measurements of weight, height,
and blood pressure and a nenfasting blood sample. Systolic and
diastolic blood pressures were measured twice with the patient
in the sitting position after 4 minutes’ rest. The lower values
were used in this analysis.

Details of the {aboratory methods have been published ™
Briefly, the serum was analyzed for total choleswerol and
triglycerides within 2 weeks at Ullevdl Hospital in Oslo. Total
cholesterol was measured by the Liebermann-Burchard
method? and triglycerides by a fivorimetric method.?t HDL
cholesterol was determined in frozen sera at the Institute of
Medical Biology, University of Tromse, after precipitation
of LDL and VLDL with the heparin-manganese method,™
Data on cross-sectional relations between HDL cholesterol
and other variables ia the Finnmark Study have been
published previously.®22

Pearson correlation coefficients berween baseling serum
lipids were generally similar in the two sexes. Strong intercor-
relations were observed between serum trigiycerides and total
cholesterol {(r=.4) and between serum triglhcerides and HDL
cholesterol (r=-.4). In women, there was no asscciation
between total cholesterol and HDL cholesterol (r=-2),
whereas a weak, positive correlation (r=.1, P< {01) wasseen in
men,

Follow-up and Case kdentification

The subjects were followed from screening through Decem-
ber 31, 1989. The national 11-digit idemification number
enabled a linkage 1o the Causes of Death Registry at Norway
Statistics and ensured a 1009 follow-up on vital status. For
persons with & death certificate diagnosis according to 1CD
ninth revision codes 410-414 and 798.1, additional information
from the relevant hospital or physician was collectzd for case
validation. Possible cases were also detected through hospital
discharge diagnosis lists and a systematic screening of the
medical record files in the only two hospitals in Finnmark. For
persens with any mention of coronary heart disease, the
medical record was reviewed by one of the authors (LN.) to
determine if and when a first event of myocardial infarction had
occurred according to preset dingnostic criteria.

To detect ambulant and out-of-county nonfatal events, 2
questionnaire was sent 1o all 10 923 participants who were alive
by June 1991, The Data Inspectorate did not allow question-
naires to be sent to relatives of deceased persons. Eleven
percent of the study population had moved from Finnmark, but
linkage to the Central Population Registry of Norway provided
updated addresses regardless of arca of residency. When a
questionnaire reply indicated cardiovascular disease, medical
record information from the relevant hospital or attending
physician was obtained, with the respondent’s written consent.
The postal survey response rate was 82% among those who
stayed and those who had moved from Finnmark. Inall, 97% of
the participants were followed up by means of the postal survey
andfor official diagnosis registers and hospital record surveys.

Each case was classified as definite or probable myccardial
infarction or as sudden deaih on the basis of the available data.
Diagnostic criteria of myocardial infarction were based on
symptoms, on ECG changes and changes in cardiac enzymes,
and on autopsy results in fatal eveats, when performed (see
“Appendix”}. Not included as cases were 49 men and 34
women with uncertain myocardial infarction.

In 1987, 76% of the cohort members atiended another
county- and population-bused cardiovascular screening in
Finnmark. This allowed an assessment of changes in smoking
habits during follow-up to be made.

Tasie 1. Baseline Characteristics in Men and Women:
The Finnmark Study, 1877-1589

Variable Men {n=6142} Women (n=5701)
Age, Y 43.4 (5.3 43.4 {3.3)
Serum lipids, mmol/L

Total cholesterot 6.69 (1.23) £.52 (1.31}

HOL cholesteral 1.29 (0.35) 1.52 10.38}

Triglycerides 1.82 (1.90) 1.36 (0.74)
B, kg/m? 253 (3.1 25.114.4)
Blosd pressure, mm Hg

Systolic 134.3{18.3) 128.5 (17.8)

Diastolic 26.1{11.2) 31.9(10.8)
Smoking habits

Never-smokers, % 15.8 384

Former smokers, % 27.3 16.7

Current smokers, % 55.8 43.8

Cigarettes per day” 15.4{7.6) 11.0(5.7)
Prevaient conditions

Angina pectoris, % 1.5 1.3

Diabetes, % a.5 0.4

Treated hypertension, % 3.5 5.8

S indicates body mass index. Values are mean (standard deviations
in parentheses) or percentages.

“In current cigarette smokers.

To convert cholestaro! values to milligrams per deciliter, mulliply by
38.78. To convent tnglycerides to milligrams per deciliter, muitiply by
38.57.

Data Analysis

Incidence rates were based on the number of person-years
calculated from date of examination untl first event of myo-
cardial infarction or sudden death, with date of death from
other reasons or December 31, 1989, as the censoring date. Age
adjustment of incidence rates was performed directly on 3-year
age groups with all attending men and women as the standard
population. Sex differentials and other rate ratios of myocardial
infarction incidence were assessed with the use of age-adjusted
rates.

Some persons combined cigarettes with other smoking hab-
its, leaving 108 men as exclusive pipe or cigar smokers. They
were included as current smokers but were left out of analyses
of quantity smoked.

Cox proportional hazards analysis was used for maltivariate
modeling. In models stratified by sex, the following continucus
variables were considered: serum tozzal cholestero!, HDL cho-
lesterol and triglveerides, systolic blood pressure, and body
mass index (weight/height’). Daily smoking was included as a
binary variable. Self-reported angina pectoris, diabetes, and
medically treared hypertension were inclided as covariates,
along with ethnic group. Relative risk estimates were deter-
mined for units of increase arbitrarily chosen 1o approximate
the standard deviation for both sexes. Probability values less
thar .03 were regarded as statistically significant. Al signifi-
cance tests were two-tailed. The SAS statistical package versien
6.07 was used.

Results

Baseline mean values and frequencies are presented
in Table 1. Noteworthy are the high means of serum
total cholesterol and the rather high prevalence of daily
smoking in both sexes. Men had a more unfavorable risk
profile, with higher mean total cholesterol, triglycerides,
and blood pressure and lower HDL cholesterol. Fewer
women than men were daily smekers, and female smok-
ers consumed fewer cigarettes per day than their male
counterparts. Among current nonsmokers, a larger pro-
portion of men than of women were ex-smokers {63.1%
versus 29.89). Smokers had lower mean serum HDL
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TasLe 2. Case Categories of Myocardial infarction by
Sex: The Finnmark Study, 1977-1989

Men Wornen
Case Category N % N %
Definite myocardial infarction 290 58.5 55 534
Peobable myocardial infarction 135 27.3 37 3548
Sudden death 70 141 " 107
Total 495 1000 ieics 100.0

X2=3.41, P05,

cholesterol than nonsmokers, and the difference was
larger in women (0.10 mmo¥/L [3.87 mg/dL]. 6%) than in
men (0.03 mmol/L [1.16 mg/dL], 2%) (data not shown).

During 12 years of follow-up (139 836 person-years).
495 first evenis of myocardial infarction and sudden
death among men and 103 first evenis among women
were identified (Table 2). There was no significant sex
difierence in case category distribution.

The relation between smoking and myocardial infarc-
tion incidence is shown in Table 3. in both sexes.
markedly higher incidence rates were seen among the
current smokers., Istermediate rates were observed
among ex-smokers yet were significantly higher com-
pared with never-smokers only in men (relative risk, 1.5
95% confidence interval [CI), 1.1 to 2.4). In each smok-
ing caiegory, men had a higher rate of infarction than
did women. However, the risk associated with increasing
numbers of cigarettes was greater in women. Women
who smoked 20 cigarettes per day or more had a nearly
sixiold increased risk of myocardial infarction compared
with never-smoking women, while the corresponding
ratio in man was less than 3. This reduced the male-to-
fermnale ratio from 3.2 in never-smekers 10 2.5 in heavy
smokers, and the incidence rate among female heavy
smokers exceeded that of never-smoking men. The
population attributable risk of smoking was close to 50%
in both sexes. If incidence rates in the total study
population were the same as for never-smokers, 35
events among women and 235 events among men would
not have occurred.

Tablc 4 presents the age-adjusted myocardial infarc-
tion incidence by sex according to smoking and serum
total cholesterol. The cutoff points were chosen to divide
the total study population into approximate gquartiles.
Among men, relative risks were similar in smokers and

nonsmokers, and the smoker-to-nonsmoker ratios were
1.4 to 2.1 acyoss all total cholesterol strata. Only one
case of infarction occurred among nonsmoking women
with baseline serum total cholesterol less than 5.7
mmol/L (220 mg/dL), and the lowest cutoff point was
chosen at 6.5 mmo¥/L (250 mg/dL). Only at serum tota}
cholesterol levels of 7.4 mmol/L (285 mg/dL) or more
did the incidence rise in women, significantly in smokers
only. The ratios between smoking and nonsmoking
women were greater than for men at all levels of total
cholesterol and ranged from 2.9 10 4.5.

When examining myocardial infarction incidence in
relation to smoking and serum HDL cholesterol (Table
5}, identical cutoff points were chosen in the two sexes.
In all subgroups, the relative rigk decreased significantly
with increasing HDL cholesterol. The ratio between
smokers and nonsmokers was less in men (1.6 to 1.9)
compared with women (2.4 t¢ 6.3) in ail HDL choles-
tero] strata.

Table 6 presents relative risks adjusted for age first
and then for several risk factors and confounders. Ad-
justed for age, all variables considered were highly
significant predictors in both sexes except body mass
index, which was significant in men (relative risk, 1.19;
P<.0001} but not in women (relative risk, 1.12;
P=.0626). In both sexes, serum triglycerides and body
mass index became nonsignificant when adjusted for the
other risk factors and were not included in the final
model. The relative risk estimates of serum cholesterol,
HDL cholesterel, and blood pressure were similar in the
two sexes and were virtually unchanged after multivari-
ate adjustment. Daily smoking made a striking exception
to the rule. The relative risk associated with current
smoking and adjusted for other risk factors was 3.3 {95%
Cl, 2.1 10 3.1} in women and 1.9 {95% CI, 1.6 1o 2.3) in
men. A further age-stratified analysis revealed apparent
large age-related differcnces in relative risk estimates.
Among women aged 35 to 44 years at study entry
{median age at diagnosis, 49 vears), the multivariate
adjusted relative risk of smoking was 7.1 (95% CI, 2.6 to
19.1}. This estimate was based on 31 cases, and the
confidence interval was wige. The corresponding relative
risk was 2.6 (95% CI, 1.6 to 4.3) in women 45 to 52 years
old at entry (median age at diagnosis, 57 years). A much
smaller age effect was observed among men. The relative
risk estimate was 2.3 (95% CI, 1.6 10 3.2) in the younger

TasLE 3. Age-Adjusted Incidence Rates of Myocardial Infarction per 1000 Person-Years by Smoking Habits and Sex:

The Finnmark Study, 1977-1888

Men Women
Person- Cases, Rateper Rate 5% Person- Cases, Rateper Rate 95% Male-fo-Female
Smoking Status Years n 1000 Ratio Ct Years n 1000 Ratio <l Ratio
Never-smokers 11698 33 3.63 1.0 ref 27 242 20 0.70 1.0 ref 5.2
Ex-smokars 198N 107 5.40 1.6 1.1-2.4 11527 0 Q.86 1.4 0.6-2.9 58
Current smokers 3g 813 355 8.82 2.4 1.7-34 28355 3 2.55 36 2.2-6.0 3.5
Cigareties per day
-9 6148 56 8.20 2.3 1.8-35 10 944 9 1.58 23 1.2-4.2 5.2
1018 20610 160 788 2.2 1.8-3.2 i5 158 40 2.80 4.1 2.4-7.1 2.8
20+ 12 427 125 0.30 2.2 1.9-4.2 3627 43 4.1 58 2.8-11.8 2.5
Unknown 80 H A e 125 1
Pipe‘cigar oniy 1248 13 10.34 2.2 1.5-5.4 e . e
Total 71212 485 705 58 624 103 1.52 4.6

Cl indicates confidence interval.
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TasLE 4, Age-Adjusted Incidence Rates of Myocardial infarction per 1000 Person-Years, Relative Risk,
and 95% Confidence Interval According to Serum Total Cholesterol and Smoking Status by Sex: The

Finnmark Study, 1977-1989

Daily Smoking
Yes No
Tatat Cholesterol, Lases, Rate per Relative 85% Cases, Rate pear Relative 5%
mmol/L n 1000 Risk* Cl n g0 Risk* ct
Mien
<570 29 3.88 1.00 ref 12 2.57 1.00 ref
5.70-8.49 59 6.14 1.58 1.04-2.47 25 328 1.48 0.74-2.94
6.50-7.39 104 .08 2.30 1.52-3.47 39 489 1.87 t.02-3.80
740+ 183 145.43 3.37 2.26-5.03 84 507 5.45 1.84-6.45
P, test for trend £00 2001
Women
<B.50 22 1.79 1.00 ref g 048 1.00 ref
$.50-7.39 13 173 0.87 0.43-1.78 7 .51 107 0.38-3.01
7.40+ 38 414 2.03 1.16-3.57 14 131 202 0.82-4.98
P, test for trend g3z L1153

Cl Indicates confidence interval,

“Relative risk adjusted for age, systolic Mood gressure, serum HDL cholesterol, ethnic group, treated hypertension, angina pectors, and

diabetes.

age group {median age at diagnosis, 438 years) and 1.7
(95% CI, 1.3 to 2.2) in the older age group {median age
ar diagnosis, 56 years). The relative risk estimates for
serum lipids and blood pressure did not vary substan-
tially between sex and age groups.

Discussion

This study confirms that smoking, serum lipids, and
biood pressure are major risk factors for myocardial
infarction in both sexes. The relative risks associated
with serum lipids and blood pressure were generally
similar, although men were overall 4.6 times more likely
to have a myocardial infarction. However, one imporiant
sex-related difference was observed. Smoking had a
much larger relative detrimenial impact in women, and
the risk gradient associated with increasing number of
daily cigarettes was larger. Women smoking 20 ciga-
reties or more per day totally eliminated any “female
advaniage” relative to men who had never smoked.
Smoking carried a particularly high risk in younger
women.

This study used several sources 1o detect all incident
cases of clinical myocardial infarction in the study pop-
ulation. However, an underregistration of nonfatal
events must be expected. mainly among those who had
moved from Finnmark and who did not respond to the
postal survey in 1991, We estimated the total number
of missed events to be less than 13, No attempt was
made to register silent myocardial infarctions. Only
fatal and nonfatal “hard” coronary heart disease
manifestations were included in the end point, thus
avoiding a potential source of misleading sex differ-
entials. Long-term outcome of angina pectoris®™> > and
survival rate after a myocardial infarction® appear to
be different in the wo sexes. Mortality time trends
and sex ratio patterns are very different for coronary
and cerebrovascular discase.®® This may result in
ciluted sex diferentials if all cardiovascular disease is
included in a single end point.

A sex-biased misclassification of smoking status dug 10
sex differences in smoking cessation? during foliow-up

TaBLE 5. Age-Adjusted Incidence Rates of Myocardial infarction per 1000 Person-Years,
Helative Risk, and 95% Confidence Interval According to Serum HDL Cholestero! and
Smoking Status by Sex: The Finnmark Study, 1977-1989

Daily Smoking
Yes No
HDL Cholestersl, Cases, Rate per  Relative Cases, Rate per  Relative
mmoi/L n 1000 Risk™ 5% Ct n 1000 Risk* 95% Ct
Men
<1.00 104 13.00 1.00 ref 36 773 1.00 ref
1.00-1.49 208 8.91 0.77 0.60-0.87 g 4.69 .70 0.67-1.05
1.50+ 4. 4.74 0.43 0.30-0.61 25 320 3.46 0.27-9.77
P, test for trend fueiel 0028
Women
<1.00 3 4.75 1.00 ref 2 1.57 1.00 ref
1.00-1.4¢ 42 2.93 9.72 0.33-1.56 20 1.22 113 0.25-507
1.50+ 23 1.83 0.46 0.26-1.08 3 0.38 037 0.07-184
P, test for trend .0337 L1M

(i indicates confidence interval.

“Reiative risk adjusted for age. systalic blood pressure, serum total cholesteroi, ethnic group, treated nyperiension, angina

pectoris, and diabetes.
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TaoiiE 6, Risk Factors for Myocardial Infarction, Adiusted Relative Risk, and 95% Confidence

Interval by Sex: The Finnmark Study, 1877-1989

Men Women
Relative Risk Relative Risk

Risk Factor Adj* Adjt 85% Ci Adj* Adjt 95% Ci
Total C. 1 mmoYL 1.44 1.36 1.27-1.45 1.44 1.38 1.25-1.52
HDL-C, 0.4 mmoifl, 0.67 0.74 0.66-0.82 .59 0.70 11.56-0.89
TFriglycerides, 0.8 mmol/L 1.20 1.39

BML, 3 kg/m? 118 112

Systolic BP, 15 mm Hg 1.24 1.20 1.11-1.29 1.39 1.35 1.18-1.55
Daily smcking {yes/no) 1.90 1.89 1.55-2.30 3.38 3.30 2.13-5.11

Adj indicates adjusteg; CI, confidence interval; total C, total chofesterol; HDL-C, HOL cholesterol; BMI, body mass index;

and BP, blood pressure.
“Relative risk adjusted for age.

+Relative risk adjusted for age, the other variables, and for ethnic group, treated hypertension, angina pectoris, and

diabetes.

possibly could explain some of the observed differences
between men and women. We were able to explore this
hypothesis indirectly, because 76% of the present cohort
attended ancther cardiovascular screening 10 years after
study entry. More men than women reporied to have
quit smoking since the baseline examination (19.5%
versus 16.0%; P<.001). No sex differential in smoking
cessation was observed among those with angina pecto-
ris or a myocardial infarction during the 10 vears (32.0%
in men versus 34,3% in women; NS). Thus, misclassifi-
cation bias of the exposure variable is unlikely to explain
the sex differentials.

Our finding of larger relative risks with increasing
amounts smoked among women compared with men is
in accordance with the Copenhagen City Heart Study,®
which reported that the relative risk of first myocardial
infarction was 9.4 in wornen and 2.9 in men who smoked
at least 30 g tobacco per day compared with nonsmokers,
According to Tverdal et al,’® the relative risk of coronary
death per 10 cigareties per day was 1.8 in women and 1.2
in men. Data from case-contrel studies among young
women of fatal'* and nonfatal** myocardial infarction
and from prospective studies confined to one sex also
indicate that increasing amounts of smoking may have a
more detrimental effect for women than for men. In the
Nurses® Health Study, the risk of myocardial infarction
increased with number of cigareties, and a relative risk
of 6.0 was observed among women smoking at Jeast 25
cigaretics per day compared with never-smokers.!”
Among the men screened for the MRFIT study, ciga-
rette smoking was a sigaificant predictor for coronary
death.?” The sisk increased with smoking amount but
leveled off at 25 cigarettes per day, and the relative nisk
compared with nonsmokers did not exceed 2.5. On the
other hand, in a number of publications, the Framing-
ham Study reported no significant relation between
smoking and coronary heart disease among women.™ In
the classic American'® and British?12 studies of coro-
nary mortality, the relative risks associated with daily
smoking were similar in the two sexes. Different smoking
frequencies, possible sex-specific smoking habits, differ-
ent age distributions in the study samples, and different
end points may all be related to the various study results.
Qur finding of & higher relative risk associated with
smoking in vounger rather than clder women may
contribute 1o an explanation of previous apparently
conflicting study results.

Oral contraceptive use's? could have contribuied to
the strong relation between smoking and myocardial
infarction among women but is unlikely to have had any
impact in this particular study population. Only three
women were below the age of 45 at the time of the event.
Median age at diagnosis in the younger age group was 49
years. Oral contraceptives appear 1o carry no residual
risk for myocardial infarction after quitting.2*3 Also,
55% of the women had their first myocardial infarction
after 1984, when low-dose estrogen pills totally domi-
nated the market in Norway.® It is uncertain whether
oral contraceptives with <30 pg estrogen are associated
with any elevated risk of coronary heart disease.®?

Cigarette smoking probably increases myocardial in-
farction risk through long-term effects on atheresclero-
sis* and through readily reversible effects on hemosta-
sis™ and the hemodvnamic system.® Intermediate
incidence rates in ex-smokers relative to never-smokers
in this and other studies'™!” may be taken in support of
a reversibility of smoking-induced risk effects. This may
also partly explain why smoking appears 0 be strongly
related to myocardial infarction in case-control stud-
ies,’+i¢ while several prospective studies of coronary
heart morbidity and mortality found weaker associa-
tions.'™ In longitudinal studies, smoking status at the
time of the event is more prone to be misclassified than
in case-control studies. This bias will be more pro-
nounced as length of follow-up increases.

In this study, the role of systolic blood pressure as a
major coronaty tisk factor® was confirmed. Serum total
cholesterol was a strong independent predictor in both
sexes. This is accordant with a aumber of coronary
disease studies in men®” and women,® but the impor-
tance of total cholesterel as a coronary risk factor has
been questioned.®*! The multivariate model showed a
risk increase in both sexes by almost 405 per mmol/L
serum cholesterol. The relative risk increased similarly
in smokers and nonsmokers across the total cholesterol
strata, ecach sex considered separately. However, in
women, an apparent threshold level was observed. The
smoker-to-nonsmoker ratios were greater in women
thar in men at all Jevels of total cholesterol, again
pointing to0 the hazardous cffeci of cigarette smoking for
women. Few studies among vounger women offer data
on the combined effect of smoking and serum lipopro-
teins or history of hypercholesterolemia, and results
were inconsistent. 3517
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HDL cholesterol has been claimed as a more impor-
tant risk factor for coronary heart disease than total
cholesterol, especially in women,™ while epidemiologi-
cal studies disagree regarding the role of triglycerides.*
In the present study, HDL cholestere]l was a strong
predicior for myocardial infarction in both sexes, and
relative risks were similar. Serum wriglycerides and HDL
cholesterol were strongly inversely intercorrelated.
Triglycerides were a significant predictor univariately
and in models that included 1otal cholesterol but
became nonsignificant in both sexes as scon as HDL
cholesterot was included in the model. Similar results
were reported from several of the few prospective
siudies (mostly among men} in which both HDL
cholesterol and triglycerides were accounted for, %3
but there are exceptions.’*

In our study popuiation, baseline serum HDL choles-
terol was absoiutely and relatively more reduced in
female than in male smokers compared with nonsmok-
ers of the same sex. This is in accordance with previous
findings.#™* A reduced HDL cholesterol concentration
in smokers may be related to sex hormone metabo-
{ism, 5t but 1o our knowledge, the apparently greater
reduction in womsan has been only little explored.®
Stratified by seram HDL cholesterol, the smoker-to-
nonsmoker ratios of myocardial infarction were consis-
tently greater Iin women than in men, and the largest
ratio (6.3) was observed among women with serum HDL
cholesterol above 1.530 mmol/L. Our data suggest that
women who smoke heavily lose relatively more of the
protection against myocardial infarction that is associ-
ated with HDL cholesterol than their male counterparts
do. However, few cases in the fernale population reduce
the power of subgroup analyses. Our data are consistent
with a case-control study by Rosenberg et al,’ which
estimated the risk of infarcrion in women whe smoked at
least 23 cigareties per day relative to nomsmoking
women. In the low HDL cholesierol group {cutofl point
at 40 mg/dL {1.03 mmol/L]), Rosenberg et al observed a
relative risk of 4.7 compared with 14 in the high HDL
cholesterol group.

Exogenous estrogen' and alcohol™ are potential con-
founders that could not be assessed in this study, since
no baseline data were collected. However, by 1987, only
2% of Finnpmark women aged 45 to 62 years used
exogenous estrogen.® More women (40%) than men
{13%%) were alcohol abstainers®? Among users, alcchol
intake was more frequent in men. Alcohol raises HDL
cholesterol, 2 and moderate alcohol intake appears 0
be associated with decreased risk of myocardial infare-
tion.52 Sex differences in drinking habits may therefore
have influenced our findings.

Possible mechanisms behind the apparently greater
hazard of smoking for women were not elucidated by
this study. The antiestrogenic effect of cigarette smok-
ing™5t could be the mediator that increases the risk of
coronary heart disease in young female smokers rela-
tively more than in men. Added to this is the greater
reduction in HDL cholesterol in female smokers than in
male smokers. The recent increase in smoking among
young women in some countries’™® should be of great
concern: because it may have a sericus effect on future
corenary heart disease mortality.
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Appendix
Myocardial Infarction Classification Criteria

Omne of the following must have occurred: (1) Definite
myocardial infarction {MI) {290 men, 33 women): (1)
dynamic ECG changes typical of MI and lasting more
than 24 hours, with or without symptoms and/or cardiac
enzyme changes, (2) typical (prolonged chest pain) or
atypical symptoms (acute congestive heart failure, syn-
cope) and serial cardiac enzyme elevation exceeding
wwice the upper limit of reference range, (3) in fatal
event: autopsy proved recent M1 or fresh coronary artery
thrombus. (II) Probable MI (133 men. 37 women): (1)
sympioms and a clinical development typical of MI, but
death before a definite diagnosis could be given, and no
autopsy performed {23 men, 4 women), (2) typical or
atypical symptoms and equivocal ECG and/or serial
cardiac enzyme clevation between upper and twice the
upper fimit of reference range (39 men, 18 women), (3)
clinical episode with prolonged chest pain and persisting
ECG changes typical of MI, but patient examined too
fate 10 record dynamic ECG changes andor enzyme
elevation {16 men, 3 women), (4) death certificate or
other medical record diagnosts of coronary heart disease
{CHD) (ICD-8 and ICD-9 410-414) or sudden death
{ICD-8 793, ICD-9 798.1), with no indication of com-
peting cause of death, but confirmative medical infor-
mation unaccessible (37 men, 12 women). {Case valida-
tien was performed in 1990 10 1991, up until 17 years
after death of study participants. Norwegian laws permit
physician medical records 10 be destroved 10 years afier
the death of the patient.). {1H) Sudden death {70 men,
11 women): (1) death within 1 hour after acute collapse
or chest pain or since last time seen without symptoms,
No indication of competing cause of death (40 men, 5
womgen), (2) death more than 1 hour or unspecified time
after last time seen alive, with no indication that oiher
disease or condition may have caused death {30 men, &
women); (IV) uncertain MI (49 men, 34 women): symp-
toms, ECG, and/or enzyme changes indicate MI but crite-
ria of definite or probable MI not fulfilled. (Most cases
were hospitalized persons with prolonged chest pain but
whose initial ECG changes resolved within 24 hours.)
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ABSTRACT

Background: Serum cholesterol, bloed pressure and smoking are the classic coronary
risk factors, but what determines whether a myocardial infarction will be fatal or not?
Methods.- All inhabitants 35 to 32 years old in Finnmark county, Norway, were invited
10 a cardiovascular survey in 1974-75 and/or 1977-78. Attendance rate was 90.5%. A
total of 6995 men and 6329 women were followed for 14 years with regard to incident
myoccardial infarction and sudden death. Predictors for 28-days’ case fatality in first
myocardial infarction were analysed.

Results.- During 186 643 person years, 635 events among men and 125 events among
women were registered. Case fatality was 31.6% in men and 28.0% in women {P=.50).
Among men (women), 28-days’ case fatality was 24.5% (22.6%) at baseline systolic
blood pressure (SBP) < 140 mmHg , 35.6% (28.2%) at SBP 140 - 139 mmHg , and
48.2% (41.7%) at SBP = 160 mmHg.

Out of the 760 subjects with myocardial infarction, 348 died during follow-up. In
Cox’ regression analysis, SBP at baseline was strongly related to death (relative risk
(RR) per 15 mmHg, 1.22; 95% confidence interval [CI},1.13-1.31). Daily smoking at
baseline (RR, 1.40; 93% (I, 1.07-1.83), and age at time of event (RR per 3 vears, 1.12;
95% CI, 1.01-1.24) were additional significant risk factors, while serum total and HDL
cholesterol were unrelated to survival. Similar results were obtained with diastolic blood
pressure in the model.

Conclusions.- Preinfarction blood pressure was an important predictor of case fatality in

myocardial infarction. Daily smoking and age were additional significant predictors.



Great efforts have been made to reduce
in-hospital  fatality of myocardial
infarction (MI), but more than 50% of
coronary deaths occur suddenly and out
of hospi’tals.l'7 Therefore one should
identify those factors which influence
the risk of dying in a heart attack and -
if possible - intervene on such factors
before the event occurs. Smoking,
serum cholesterol and biood pressure
are the classic coronary risk factors, but
so far no firm conclusion could been
drawn as to their zole for a fatal
outcome in ML'**?  Factors that are
known to influence case fatality are an
advanced age,]’im'}5 a previous infarct,
WOIZI4 - ond  diabetes meilitus.'®1*'®
Some studies claimed women to fare
better M7 o1 worse! ™ than men
after a major heart atiack, while others
found no independent effect of gender.
-2 The size and location of an infarct
are important immediate predictors for
subsequent death. **®

However, several studies on predictors
for case fatality and survival in MI were
hospital based *131618:21.23 Some
studies included only subjects who
initially survived a heart attack, '*1%!
measured risk factors after the first
event,g’”‘lg or inciuded first and re-
current attacks, 31820 although a study
among survivors may not reveal the
most important causes of a fatal out-
come in MI. Community based studies
on risk factors for case fatality and
survival after heart atiacks are few. To
our knowledge, only the Framingham
Study ** and the British Regional Heart
Study'? published data on predictors of
case fatality in MI in a general
population with standardized pre-event
measurements of potential risk factors
in the whole cohort. In the latter study,
which comprised 7,735 middle aged
men, physical inactivity and increased

heart rate, arthythmias, and antihyper-
tensive treatment emerged as significant
predictors, while blood pressure and
smoking were not related to case
fatality. In contrast, pre-event blood
pressure was related to survival after
first MI among men in Framingham.®
Neither of the two reports included
WOmen.

The aim of this population based
prospective study was to investigate
cardiovascular risk factors which may
influence survival in coronary heart
disease (myocardial infarction and
sudden death). Included were 13,315
middle aged men and women free from
previous MI and stroke. The subjects
weze followed for 14 years with regard
to MI incidence and mortality. Potential
risk factors for a fatal outcome of MI
were examined.

STUDY
METHODS

POPULATION AND

Study population

In Finnmark county, northern Norway,
all residents 35 to 49 years old and a
sample of those aged 20 to 34 vears
were invited to a cardiovascular survey
in 1974. The survey was coaducted by
the National Health Screening Service,
in cooperation with the University of
Tromsp and local health authorities.
Three years later the survey was
replicated. Details of study design and
procedures have been published. ~** A
total of 22,612 persons were invited to
the first and/or second survey through a
personal, mailed letter, and 19,308
attended. The present analysis is limited
to age-group 35 to 32 years, in which all
residents were invited and 13, 412 men
and women attended either or both
surveys. Attendance rate was 90.5% in



this age group. Subjects with a previous
MI (62 men, 6 women} or streke (16
men, 13 women) were excluded, leaving
6,995 men and 6,320 women for the
present analysis. Fifty percent were of
Norse, 17% of Finnish, and 14% of
Sami origin, while the remaining
subjects were of mixed or unknown
ethnicity.

Screening Data and Procedures

On the reverse of the invitation letter
was a questionnaire which covered
history and symptoms of cardiovascular
disease, ethnicity, physical activity, and
smoking habits. The questionnaire was
10 be completed at home and brought to
the examination site, where if was
checked for inconsistencies.

The examination included measure-
ment of weight, height, and blood
pressure, and a nonfasting blood
sample. Systolic and diastolic blood
pressure were measured twice after 4
minutes” rest and with the patient
sitting, and were read to the nearest
even mmHg. The lower values were
used in this analysis.

Details of the laboratory methods
have been published. 728 Briefly, the
serum  was  analyzed for  total
cholesterol, triglycerides and glucose
within 2 weeks at Ulleval Hospital in
Oslo. Serum thiocyanate was measured
in the second survey, and mean
concentrations varied by self reported
smoking status. The method has been
described.™  Serum HDL cholesterol
was determined only at the second
screening, at the Institute of Medical
Biology, University of Tromsa. *°

Follow-up and Case Identification

The subjects were followed from the
first survey attended through December
31, 1989, The national 11-digit

identification nurnber enabled a linkage
to the Causes of Death Registry at
Statistics Norway, and date and causes
of death are known for all deceased
subjects. For persons with an underlying
or contributory death  certificate
diagnosis which accorded to ICD ninth
revision codes 410-414 or 798.1,
additional information from the relevant
hospital or physician was collected for
case validation. Fatal and non-fatal
cases were also detected through
hospital discharge diagnosis lists and
through a mannal survey of the medical
record files in the only two hospitals in
Finnmark. For persons with any
mention of ischemic heart disease, the
medical record was reviewed by cne of
the aathors (ILN.) to determine if and
when a first MI had occurred.
Diagnostic  criteria  were based on
symptoms, on ECG changes and
changes in cardiac enzymes, and on
autopsy results in fatal event, if
performed. Fatal events with a death
certificate diagnosis of MI, but where
additional confirmative information was
inaccessible, were classified as probable
MI. The classification criteria have been
published.”

To detect ambulant and out-of-county
nonfatal events, a gquestionnaire was
sent to all 12,112 participants who were
alive by June 1, 1991. Fifteen percent of
the study population had moved from
Finnmark, but the Central Population
Registry of Norway provided updated
addresses regardless of present area of
residency. The response raie was 81%
in those who stayed and those who had
moved from Finnmark. When a
guestionnaire reply indicated
cardiovascular disease, medicat
information was obtained from the
relevant hospital or attending physician,
with the respondent’s written consent. A



total of 97% of the participants were
followed up by means of the postal
survey and/or diagnosis registers and
hospital record surveys. The linkage to
the Causes of Death Registry ensured a
100% foliow-up on vital status.

The study was approved by the
Regional Commitiee for Medical
Research FEthics and the Norwegian
Data Inspeciorate. The Norwegian
Directorate of Health permitted access
to medical record files.

Data Analysis

Incidence rates were based on the
number of person-vears from date of
first examination until first event of MI
or sudden death, with date of death from
other reasons, emigration, or December
31, 1989 as the censoring date. Case
fatality was calculated as death from
any cause within 28 days after date of
first MI (including sudden death). All
232 subjects who died within 28 days,
died from cardiovascular disease.
Among the 116 subjects who died later
during follow-up, 89% had a been
assigned a cardiovascular diagnosis
(ICD-8 or ICD-9 390-438) as the
underlying cause of death, and only 3
had no such diagnosis mentioned on the
death certificate.

In 26 cases there was a discrepancy
between date of onset of symptoms and
hospital admission, with the latter
registered by us as time of event. All
those subjects survived for more than 28
days after symptom onset. One subject
died on the 28th day after hospital
admission and was assigned a nonfatal
myocardial infarction in the present
analysis.

Analysis of covariance was used for
age-adjusted between-group compari-
sons of baseline variables. Cox’s
proportional hazards analysis was used

for muitivariable analysis of predictors
of survival after a first MI. Of the 88
subjects who experienced a first MI
during the last year and survived until
the end of follow-up, all but 3 were
alive by June 1, 1991, 1 % vear after end
of follow-up. One year survival curves
were estimated by the Kaplan-Meier
method.

Due to a high intercorrelation
(Pearson’s r = .6), either systolic or
diastolic blood pressure was used in the
multivariable modeling. Blood pressure,
serum lipids and body mass index were
entered as continuous variables, while
smoking and diabetes, angina pectoris
and antihyperiensive treatment were
entered as binary variables in the
regression analysis. Leisure physical
activity was self reported into one of
four categories which best described the
usual activity level: LI - reading,
watching TV  or other sedentary
activities, L2 - walking, bicycling or
light physical activity for at least 4
hours per week, L3 - exercise to keep
fit, heavy gardening etc¢ for at least four
hours per week, L4 - regular hard
training. For this study, leisure activity
was dichotornized into low {L1 and L2}
and high activity (L3 and L4).
Probability values less than .05 were
regarded as statistically significant, and
two-tailed significance tests were used.
All statistical modeling was performed
with the SAS statistical package version
6.09 (SAS Institute Inc, Cary, NC).

In two analyses, systolic blood
pressure {SBP) and diastolic blood
pressure  (DBP) were categorized
according to the fifth report of Joint
National Committee (JNC V) criteria>
of nermal pressure (SBP< 140 mmHg /
DBP< 90 mmHg), mild hypertension
{SBP 140-159 mmHg / DBP 90-99
mmHg) and moderate/severe hyper-



tension (3BP =160 mmHg / DBP= 100
mmHg).

RESULTS

During 186,643 person years of follow-
up, 635 events of first MI and sudden
death among men and 125 events
among women were registered. Mean
follow-up was 14 vears. The age-
adjusted incidence rate of MI was 6.6
and 1.4 per 1,000 person year in men
and  women, respectively.  The
distribution of case categories did not
differ between the sexes (Table 1)
although men had a 4.7 fold higher
incidence of ML

Subjects who suffered from MI during
follow-up were significantly older at
study entry than those who did not.
Mean age at time of event was similar
in the sexes (fatal MI: 53.5 years in
men, 34.9 years in women; non-fatal
MI: 52.6 years in men, 53.7 years in
women). In Table 2, age- adjusted base
fine vanables are shown for subjects
without M1, and for those who suffered
either a nonfatal or a fatal MI during
follow-up. Systolic and diastolic blood
pressure was significantly higher in
those who died than in those who
survived a heart attack. Angina pectoris
was more commoen in women who died
after an MJ. No significant difference
was observed in the age adjusted
frequency of smoking  between
survivors and succambers.

In Fig. 1, one year survival curves are
shown for the 760 men and women who
suffered from a first MI or sudden
death. Overall, there was no gender
difference in case fatality. [n both sexes,
28-days’ case fatality increased with age
at time of event {Table 3) and with SBP
{Table 4). Among the 163 men and 234

women who were treated for hyper-
tensior at study entry, 27.0% of the men
and 7.3% of the women experienced a
MI, as opposed to 8.7% and 1.8%
respectively, among those not treated.
However, in both sexes and in al] blood
pressure categories, case fatality was
apparently lower in  those on
antifiypertensive treatment. There were
few cases, and the differences were not
statistically significant {not shown in
table). In an analysis similar to Table 4,
DBP < 90 mmHg was associated with a
case fatality rate of 24.4% in men and
20.8 % in women. At DBP 90-59
mmHg and DBP 2100 mmHg, the case
fatality rates in men (women) were
39.3% (37.5%) and 40.0% {(38.1%),
respectively. Exclusion of those on
antihypertensive treatment did not alter
the results {data not shown).

Those who experienced a first M
during follow-up were included in a
Cox regression analysis of death
/survival {Table 5). Because of few fatal
cases among women, both sexes wers
included in the same model. Data on 2zl
covariates were available for 754
subjects, of whom 346 died before the
end of follow-up. Bloed pressure
measured at screening was the most
important predictor of death. For each
15 mmHg increase in SBP, the risk of
dying increased by 22%. Daily smoking
at study entry {relative risk {RR]1.40;
95% confidence interval [CI], 1.07 -
1.85) and age at time of event (RR per 5
years, 1.12; 95% CI, 1.01 - 1.24) wers
also significant predictors in the
multivariable  medel.  The  risks
associated with angina pectoris and
diabetes mellitus were increased but
statistical significance was not reached;
there were few subjects with these
conditions at base line and confidence
intervals were wide. Leisure time



physical activity, body mass index,
serum iriglycerides and total cholesterol
did not predict a fatal outcome of M.
Ethnic origin was unrelated to case
fatality (risk estimates not shown).
Similar results were obtained when
DBP replaced SBP in the model. The
relative risk of dying associated with a
10 mmiyg increase in DBP was 1.20
{95% CI, 1.10-1.32). To examine the
role of HDL cholesterol, a separate
analysis was performed with the 1977
survey as base line and with 686 cases
{255 fatal) included in the Cox’ model.
Adjusted for the variables as in Table 5
except triglycerides, the relative risk per
mmol/L increase in HDL cholesterol
was 1.03 (95% C1, 0.71 to 1.47).

COMMENT

A previous analysis showed that
smoking, serum total and HDL
cholesterol, and blood pressure were
significant sisk factors for Ml incidence
in both sexes in the Finnmark Study.”’
The present analysis demonstrates that
blood pressure was a highly significant
predictor of a fatal outcome of ML In
the multivariable model, daily smoking
and age were also  significant
determinants, while serum total and
HDL cholesterol were unrelated to 28-
days’ case fatality.

Case fatality in first events of
MI was close to 30% in both sexes.
Case fatality wvaries greatly between
populations% and in  different
studies,” > depending heavily on
diagnostic criteria, whether nonfatal and
fatal cases were detected to the same
degree, and notably on whether the
study was community or hospital based.
i 12125 and a previous MI or
stroke " are major predictors, case
fatality will depend on the study

population composition. The case
fatality of 31% among men in the
present study was somewhat lower than
the 36% case fatality in first events in
the British Regional Heart Study.”
However, that study included men who
were up till 7 years older at study entry.
Case fatality in the present study was
lower than in a community based study
among subjects aged 30-64 vears in
Oslo 1967-69," which included first
Mis and sudden, out-of-hospital deaths.
Case fatality was also lower than in
other community based studies
comprising similar age groups, but
those studies incladed first and recurrent
attacks > A great effort was made to
deiect non-fatal events among the
participants in the present study. From
the responses to the postal survey we
estimated less than 20 non-fatal cases to
be missed, while the linkage to the
official Causes of Death Registry
ensured that all deaths in the cohort
were registered

Blood  pressure,  measured
according to standardized procedures in
a population survey setting, was the
most important predictor of a fatal
cutcome of ML QOur finding supports
the early study by Weinblatt et al,' in
which men with pre-event SBP > 140
mimHg had a 1 month case fatality rate
of 43%, while nonmotensive men had a
case fatality rate of 21% after a first ML
Our finding contrasts that of the British
Regional Heart Study, where no relation
was seen between blood pressure and
case fatality.12 The case fatality rose
steadily with systolic blood pressure
categories in all age strata. Case fatality
increased with increasing diastolic
pressure, but an apparenti threshold was
observed with no further increase in
case fatality between DBP 90-9% mmHg
and DBP z 100 mmHg. Blood pressure



treatment in clirical settings has mainly
been directed at diastolic pressure. In
the cument study, subjects with
untreated high blood pressure were
referred back to general practitioners,
who generally used DBP 100 mmHg as
a cut-off point for treatment in the
1970s.” This raises the possibility that
the apparent threshold effect may be due
to treatment started after the screening.
Interestingly, antihypertensive treatment
was associated with an increased risk of
MI in the Finnmark study, especially
amoeng men,”’ while the present analysis
shows that antihyperiensive treatment
was associated with a non-significantly
lower risk of death during follow-up
after MI (RR 0.76; 95% (I, 0.50-1.14),
adjusted for several risk factors
inciuding blood pressure. In analyses
stratified by blood pressure level, the
case fatality rate was non-significantly
lower in those treated for hypertension
in all systolic and diastolic blood
pressure categories. In contrast, the
British Regional Heart Study reported
that antihypertensive treatment cammied
an increased risk of dying within 28
days after a heart attack (odds ratio
[OR] 1.97; 95% CI, 1.06-3.67).""
Arrhythmias and heart rate could have
been confounders, but were probably
not the reason for the discrepant
findings given the lack of association
between age adjusted blood pressure
and case fatality in the British study.
The difference in statistical methods
(proportional  hazards vs. logistic
regression) had little influence since the
majority (67%) in our study died within
28 days, and our resuits did not change
materially when we used the logistic
regression method.

The mechanisms which link an
increased blood pressure to Ml and
sudden  death are  Incompletely

understood, but may involve endothelial
damage, atherosclerosis, insulin
resistance  and  left  ventricular
hypertrophy (LVH),”® and ventricular
arrythmias,”” Blood pressure is the most
important risk factor for LVH,38 which
in tum increases the risk for and
worsens the prognosis after ML**® An
mconsistent effect on LVH reversal may
possibly  explain  why  common
antihypertensives have not reduced
coronary heart disease as expected.”’ In
the MRFIT trial, an excess coronary
mortality, mainly sudden deaths which
occurred during the first 2-3 years on
drug therapy, was observed among
hypertensive men in the special
intervention  group  treated  with
c;iiuretics,42 while diuretic treatment
apparently reduced case fatality in the
EWPHE tral ™ B-blockers protect
against sudden deaﬂg“ and reinfarctions
after an initial MLL¥ but their ability to
reduce first MI and sudden death in
hypertensives is unsettled and may
possibly depend on whether the subject
smokes or not.** In the Framingham
study,  antihypertensive  treatment
contributed independently to the risk of
sudden death In men and women with or
without prior coronary heart disease and
with or without ECG abnormalities.*’
Our data were insufficient to examine
whether exposure for antihypertensive
treatment at time of the event may have
influenced survival. No data on drug
types used at study entry were available,
but diuretics and B-blocking agents
Were the most COMmMOn
antihypertensives in  a  Finnmark
subsample in 1977  One may
speculate, but cannot conclude whether
differences in drug therapy may be a
reason for discrepant findings between
the population studies.



In this study, the risk of dying after a
MI was significantly 40% higher in
daily smokers after adjustment for other
variables. In the British Regional Heart
Study, the odds ratic was 1.64 (F=0.09)
in current versus never-smokers.”> The
frequency of daily smoking differed
between the studies (41% in Britain,
57% in Finnmark). Owr finding
apparently contradicts a pooled analysis
of six recent MI trials {of thrombolytic
treatment),@ which demonsirated a
more favorable prognosis after MI
among smokers. The authors ascribed
the improved survival among smokers
to younger age and less severe coronary
vessel disease. A cohort selection bias
may be added: those who smoke may be
more likely to die suddenly ¢ and never
make it into the trials, while inclusion of
out-of-hospital coronary deaths will
allow detection of the impact of
smoking in the general population. On
the other hand, changes in exposure
(stnoking cessation) during follow-up
but before the event, may blur the
associations between risk factor and
outcome in =& prospective cohort
analvsis.

Serum cholesterol did not influence
case fatalify in our study, consistent
with studies in the general popl.lia'cion}_2
and among hypertensive sz.lbjectsf‘0
Leisure physical activity level did not
influence survival, in contrast to the
British Regional Heart Study where
high physical activity was associated
with lower case fatality (OR 0.33, P <
0.05).]2 A broader range of activity
categories in the latter study may better
have detected real contrasts between
groups.

Thrombolytic therapy has become
common in hospital freatment of MIi
since the late 1980s. Seven percent of
the present cohort may have received

streptokinase, but some of those
subjects were included in the ISIS-2
wial,” and the actual treatment given is
not known to us.

In conciusion, pre-event blood
pressure measured up till 14 vyears
before the event was strongly associated
with case fatality in M, while age and
daily smoking were  additional
significant prediclors in this population
based study. The results emphasize the
role of the classic coronary risk factors
and point to the possibility of
preventing coronary deaths by avoiding
cigarette smoking, A better
understanding of the pathophysiological
links between blood pressure, coronary
heart disease and drug effects is needed
before ome can conclude whether
antihypertensive treatment improves or
worsens the outcome of myocardial
infarction.
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Fig 1. One-year survival curves after first myocardial infarction in men and women:
The Finnunark Study
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Table 1. 28-days’ case fatality in first myocardial infarction (MI) in men

and women by case category: The Finnmark Study 1974-1989

Men Women

All Died within All Died within

cases 28 days cases 28 days
Case category n n % n n %
Definite MI 362 32 8.8 67 7 105
Probable MI 189 81 42.9 46 16 348
Sudden death 84 84 100.0 i2 12 1009
Total 635 197 31.0 125 35 280

MI indicates myocardial infarction
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Table 2. Age-adjusted baseline variables in men and women 35 to 52 years who did and did not develop a

fatal* or nonfatal myocardial infarction (MI): The Finnmark Study 1974-1989

No Nonfatal Fatal P for fatal vs
MI Ml MI nonfatal Mi

MEN n=6360 n=438 =197
Age at entry (years)** 41.2 43.4 443 0.020
Blood pressure (mmHg)

Systolic 133.6 136.6 1443 0.000

Diastolic 83.5 86.8 89.7 0.002
Serum (mmol/L) [mg/dL])

Total cholesterol 6.80{263.0] 7.40 [286.2] 7.25{2804] 0.185

HDL cholesterol*** 1.30 {50.3] 1.17[45.2] 1.22 [47.2] 0.096

Triglycerides 1.88 {166.5] 2.19[194.0] 224{198.4] 0629
Body mass index (kgfmz} 251 259 25.5 0.235
Daily smoking (%) 62.1 74.6 79.8 0.206
Antihvpertensive treatment (%) 1.9 72 5.0 0093
Angina pectoris (%0) 1.¢ 3.1 4.1 0.302
Diabetes (%) 0.4 0.8 1.4 0.301
WOMEN n=6195 n=90 n=33
Age at entry (years)** 41.3 44.1 45.0 0.293
Blood pressure (mmHg)

Systolic 128.8 138.1 145.4 0.023

Diastolic 797 83.6 89.6 0.003
Serum (mmol/L) [mg/dL}

Total cholesterol 6.38 254.4} 7.63 [295.11 761129437 0.961

HDL cholesterol**# 1.53 {39.2] 1.33(51.4] 1.40 [34.1] 6.3%1

Trigiycerides 1.37 {1213} 195 [172.7) 1.67 [1479] 0.058
Body mass index {kg/m%) 25.0 26.4 258 0.531
Daily smoking (%0} 46.6 74.0 75.1 0.905
Antihypertensive treatment (%) 3.5 14.4 8.5 0.047
Angina pectoris {%) 6.8 4.0 8.0 0.034
Diabetes (%) 0.2 1.0 - -

* Died within 28 days after M1 * *not adjusted for age  ** * in 5878 men and 5452 women in 1977

survey
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Table 3. 28-days’ case fatality rate (CFR) in men and women by age at
first myocardial infarction {MI): The Finnmark Study 1974-1989

Men Women

Age at first M] Ml CER M CFR

(years) n n % n n %
35-39 14 3 214 1 o -
40-44 54 17 315 4 o -
45-49 130 44 338 25 7 280
50-34 186 45 242 41 12 293
55-5% 184 58 315 34 8 233
60-64 67 30 448 20 g 40.0
3564 635 197 31.0 125 33 28.0

MI indicates myocardial infarction; CFR, 28-days’ case fatality rate
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Tahle 4. 28 days” case fatality rate (CFR) in first myocardial infarction (M) by systolic

blood pressure and age in men and women: The Finnmark Study 1974-1989

Systolic blood pressure (rmmmHg)

- 139 140-159 160 -

Ageat Mi  CFR MI  CFR Mi  (CFR P for

first MI n n % n n % n n % trend

MEN

35-44 41 12 293 21 65 286 6 2 333

45-54 171 36 211 102 33 324 43 20 463

55-64 136 37 27.2 7% 32 403 36 19 328

Total 348 83 244 202 71 351 85 41 482 <0001*
<Q001%*

WOMEN

35-44 3 0 - 2 6 - 0 0 -

45-54 33 9 257 21 6 28.6 10 4 40.0

55464 24 5 208 16 5 313 14 6 429

Total 62 14 226 39 11 282 24 10 417 0878
J1324%=

MI indicates myocardial infarction; CFR, 28-days’ case fatality rate

*crude ** age adjusted
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Table 5. Predictors of death after first myocardial infarction
(MI).* Adjusted relative risk and 95% confidence interval {CI):
The Finnmark Study 1974-1989

Risk factor Relative risk  95% CI

Sex, m/f 1.08 (.79 - 1.44
Age at MI, 5 yvears 112 1.01-1.24
Systolic BP, 15 mmHg 122 1.13-1.31
Total cholesterol, Immol/L 1.02 0.95-1.11
Triglycerides (log) 0.54 0.74-1.18
Body mass index, 1 kg/m2 0.98 0.96 - 1.01
Daily smoking, y/i 1.40 1.07 - 1.85
Physical activity,low/high 1.01 0.72-142
Treated hypertension, y/n 0.76 0.50-1.14
Angina pectoris, y/n 1.43 0.90-2.27
Diabetes meliitus, y/n 1.97 0.86-4.49

* 754 cases (346 fatal) with data on all variables, adjusted for

variablies shown and ethnicity
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ABSTRACT

Objectives. To investigate trends in incidence and case fatality in myocardial infarction
(MI) from 1975 to 1989 in a defined cohort.

Dresign. Population based cohort study.

Setting. In Finnmark county, northem Norway, 11 604 men and women born 1925 to
1939 were followed for 15 years. Surveys in 1974/75, 1977/78 and 1987/88 were used
to assess changes in cardiovascular risk factors during foilow-up,

Main outcome measures. Sex specific incidence and 28-days’ case fatality in first MI,
determined for three 3-year birth cohorts and thiee 5-year periods.

Results. 614 first events of MI in men and 123 events in women were registered.
Despite an ageing cohort, the overall 28-days’ case fatality did not increase, and was
non-significantly lower in the last {30.7%} compared to the preceding (34.4%) period
ameng men. The incidence rates in 46-50 year old men were 7.1, 6.4, and 7.1 per 1000
personyears in the three 3-year periods. Corresponding case fatality rates were 27.1%,
41.0% and 19.1% (xz =764, df=2, p=0.0219). Bypertension treatment increased
greatly, while smoking frequency and mean serum total cholestero] changed
heterogeneously in the different sex- and age-groups during follow-up. Thrombolytic
therapy and coronary bypass grafting did not have 2 large impact on incidence and case
fatality.

Conclusions. A stable level In major cardiovascular risk factors coincided with an
unchanged MI incidence among 46-30 year old men, while case fatality decreased by
30% (p=0.2641) from 1975 to 1989. Overall case fatality remained quite constant
despite an ageing cohart, possibly due to favourable risk factor changes in some age

groups and improved secondary prevention.

KEY WORDS
cohort study, population based, coromary heart disease, incidence, case fatality,

epidemiology



A dramatic increase in coronary
mortality was observed in industrialized
countries after World War I {i]. In
some countries, the peak was reached in
the 1960s. In Norway, the coronary
mortality among middle aged men rose
sharply and culminated around 1970
[2]. Thereafter, the mortality declined
and is now back to the level of the early
1950s. A similar, but less pronounced
trend was seen ameng women [Z2].
Within Norway, Finnmark county in the
north has had the highest coronary
mortality since regionzl data became
available {3], although coronary
morttality among 30 - 69 year old men in
Finnmark decreased by 21% from 1966
to 1987 [4]. No official registry of
incident myocardial infarction (MI)
exists, and it is not known whether the
decreasing mortality 1s due io a
decreasing incidence, a lower case
fatality, or both.

The purpose of this study was to
analyze trends in incidence and case
fatality in MI in a cohort of middle aged
men and women in Finnmark. In a
population based study we registered
first events of MI and sudden death
during 15 years (1975 to 1989) among
11,604 subjects born from 1925 to
1939. Incidence and case fatality rates
were determined for three 3-vear birth
cohorts and three S-year lime periods.
Changes in risk factor levels during
follow-up were assessed from repeated
measurements performed 10 years apart
m a subcobort.

MATERIAL AND METHODS

Study population

All 35 to 49 years old residents in
Finnmark county and a sample of those
aged 20 to 34 years, were invited 1o a

cardiovascular survey in 1974/75. Three
vears later the survey was replicated.
Residents who did not attend, and
subjects who immigrated after the first
survey, were invited to the second. A
total of 22,612 persons were invited to
the first and/or second survey through a
personal, mailed letter. The surveys
were conducted by the Naticnal Health
Screening Service, in cooperation with
the University of Tromss and local
health authorities. Details of the study
design have been published {5, 6]. The
present analysis is limited to those born
from 1925 to 1939. In this age group, all
residents were invited and 11,670
subjects (91.6%) participated. Sixty-six
subjects were excluded from follow-up
because of a verified MI. Out of 11,604
subjects available for analysis, 36%
were of Sami or Finnish origin, and the
rest were of Norse (48%) or unknown
ethnicity.

A third population based survey
which was carred out in 1987/88,
included the present birth cohorts. Out
of 8,674 participants born from 1925 to
1939 (82% of those invited), 7,887
subjects participated in survey 11 and
survey Il and were used to assess
population changes in rtisk factors
during follow-up.

Survey data and procedures

On the reverse of the invitation letter
was a questionnaire that covered history
and symptoms of cardiovascular
disease, ethnicity, physical activity, and
smoking habits. The questionnaire was
to be completed at home and brought to
the examination site, where 1t was
checked for inconsistencies. An
identical guestionnaire was used in all
surveys, and each municipality was
visited at the same time of the vear in
the three surveys. The examination



comprised measurements of weight,
height, and blood pressure, and
collection of a nonfasting blood sample.
Details of screening procedures and
laboratory methods have been published
[5-7]. The serum was analyzed for total
cholesterol and trigiycerides at Ulleval
Hospital in Oslo. Between survey II and
survey 11, laboratory methods changed
from the Liebermann-Burchard method
for total cholesterol and a fluorometric
method for triglyceride determination
into enzymatic methods wusing a
Technicon Autcanalyzer. An extensive
test program revealed systematic
differences between the methods, and
allowed correction formulas to be
developed [6]. This article presents
values from survey I and II transformed
to the enzymatic methods in survey I
HDL cholesterol was determined only at
survey II, and was analyzed at the
Institute of Medical Biology, University
of Tromse, by the cholesterol esterase
cholesterol  oxidase method after
precipitation of LDL and VLDL with
heparin and manganese [7]. In the two
first surveys, blood pressure was
measured twice with one minute’s
interval, after 4 minutes’ rest and with
the subject seated. A mercury
sphygmomanometer (Erca) was used.
Survey III used an automatic device
{Dinamap 845 XT, Tampa, Florida) and
three measurements, which yielded
approximately 4 mmHg lower readings
for mean diastolic pressure and almost
similar systolic pressure as the manual
method [8]. The deviations were not
uniform througheut the bleod pressure
distributions, and no correction formula
has been developed.

¥ollow-up and case identification
The participants were followed from
January 1, 1975 through December 31,

1989. The national 1l1-digit identi-
fication number enabled a linkage to the
Causes of Death Registry at Statistics
Norway. Date and causes of death are
known for all deceased subjects. For
persons with an underlying or
contributory death certificate diagnosis
which  accorded to  International
Classification of Diseases (ICD) 8th and
Sth revision codes 410-414 or 793
(fCD-8) or 798.1 (ICD-9), medical
information was collected from the
relevant hospital or attending physician
for case validation. Possible cases were
alsc detected through hospital discharge
diagnosis lists and through a survey of
the medical record files in the Finnmark
hospitals. When cardiovascular disease
was indicated, the medical record was
reviewed by one of the authors (IN.} to
determine if and when a first MI had
occurred. The diagnosis of MI was
based on symptoms and changes in
ECG and cardiac enzymes, and on
autopsy  results, if  performed.
Classification  criteria  have  been
published {9]. Maximum  serum
concentrations of cardiac enzymes were
recorded in those who had been
hospitalized because of suspected MI.
Streptokinase treatment in the acute
phase of MI was recorded. Events of
coronary artery bypass grafting and
percutaneous  transluminal  corcnary
angioplasty (PTCA) were registered.
Altogether 15% of the cohort
emigrated from Finomark during
follow-up. To detect ambulant and out-
of-county nonfatal events, a question-
naire was sent to all 10,484 participants
who were alive by June 1, 1991. The
Central Population Registry of Norway
provided updated addresses regardless
of cumrent area of residency. The
questionnaire response rate was 81%.
When a questionnaire reply indicated



cardiovascular disease, medical
information was obtained from the
relevant hospital or physician, with the
respondent’s written consent. In all,
97% of the participants were followed
up by means of the postal survey and/or
diagnosis registers and hospital record
surveys. The linkage to the Causes of
Death Registry ensured a 100% follow-
up on vital status.

For this analysis, all incident events
which occurred from January 1, 1975
through December 31, 1989, were
included. Baseline data on risk factors
were taken from the first survey
attended. Three subjects had a nonfatal
heart attack before the baseline
examination. The same validation
criterla were used for events which
occurred  before  and  after  the
exarmnination.

The study was approved by the
Regional Committee for Medical
Research Ethics and by the Norwegian
Data Inspectorate. The Directorate of
Hralth permitted access to medical
record files.

DPata analysis

The total cohort was divided into three
successive 5-year birth cohorts (1925 to
1929, 1930 to 1934, and 1935 to 1939).
The birth cohorts were almost equally
sized, and the ethnic composition was
similar in all subgroups. Incidence rates
were based on person-vears from
January 1, 1975 until first event of MI
or sudden death, with date of death from
other reasons, emigration or December
31,1989 as the censoring date. Incidence
rates were calculated separately for
three successive 5-year periods (1975 1o
1979, 1980 to 1984, and 1985 to 1989).
Case fatality was calculated as death
from any cause within 28 days after first
MI. For reasons of brevity we used the

term “age-specific” for subgroups de-
fined by age at the onset of each 5-year
period. All analyses were sex specific.

RESULTS

Baseline variables by birth c¢ohort and
sex are shown in Table 1. Biood
pressure and serum lipids increased by
age; more so in women than in men.
Mean sex difference in systolic blood
pressure was 84 mmHg in the
youngest, but only 1.3 mmHg in the
oldest cohort. In the oldest cchort,
women were more obese, and had an
average serum cholesterol similar to
men. More men than women were daily
smokers, but the age trends were
opposite in the sexes.

During 15 years, 614 events of first
MI among men and 123 events among
women were registered. The overall
age-adjusted incidence rate was 7.0 per
1,000 person-years in men and 1.5 per
1,000 person-years in women. Age-,
sex-, and birth-cohort-specific incidence
rates are shown in Table 2 for the three
5-year pericds. The incidence increased
over the 15 years’ time span in ali three
birth cohorts. There was no indication
of a decline in age specific incidence
{Table 2). The incidence rate in 46-50
yvear old men was 7.1, 6.4 and 7.1 per
1,000 personyears in the three time
periods, respectively. The 28-days case
fatality rate showed a somewhat
different pattern (Table 3). The overall
case fatality rate increased slightly from
the first to the second 5-year period and
decreased thereafter, but the differences
were not significant. Among men, the
MI case fatality rate was lower in 1985-
89 than in the preceding period for all
three birth cohorts, but the difference
was significant only for men born 1930-



34 (¢° =5.41, df=1, p=0.0201). Case
fatality in 46-30 vear old men changed
significantly over the three time periods
(x*=7.64, , d.f=2, p=0.0219). From the
middle to the last 5-vear period, case
fatality decreased from 41.0% to 19.1%
(p=0.0065) in this age group, but the
difference in case fatality between the
first period (27.1%) and the last period
(19.1%) was not significant (p=
0.2641).

A total of 631 men and 256 women
died during follow-up; for 239 men and
4] women the death certificate stated
ICD-8 codes 410-414 or 795, or ICD-9
codes 410-414 or 7981 as the
underiying cause of death (data not
shown).

Table 4 shows the extent of coronary
bypass grafting and PTCA in the cohort.
Almost 70% of the interventions were
performed during the last 5-year period.
Sixtyseven subjects (30.4%) underwent
surgery or angioplasty after a verified
MI. The percentage was similar in the
three periods, and only one subject was
operated within 4 weeks after the heart
attack. Eight subjects (7 men and 1
woman) developed an  infarct in
connection with bypass surgery or later.
Altogether 14 (10 men, 4 women) of
the 133 bypass-operated subiects died
during follow-up.

None of the hospital-admitted subjects
who suffered from MI before 1986
received streptokinase. Among 244 men
with a first MI during 1986-89, 58 died
out of hospital or did not survive long
enough in hospital to have an ECG
recorded. Eight subjects were admitied
one or several days after symptom
onset. Qut of the remaining 178 subjects
who could have been eligible for
thrombolytic treatment, 46 men may
have received streptokinase; one died
within 28 days {2.2%).There were 12

deaths among those who were not
treated, but 6 were In a terminal phase at
hospital admission; thus a maximum of
& could theoretically have been “saved”
by streptokinase {data not shown).

Among the 421 subjects with MI who
had adequate serial measurements of
cardiac enzymes taken, maximum
serum  aspartat  aminotransferanse
(ASAT) concentrations were non-
significantly lower in 1975-79. Median
values among men were 138,53 U/L in
the first, 188 U/L in the second and 180
U/L in the third S5-year period.
Corresponding values in women were
1135 UL, 1753 U/L and 186 U/L. No
consistent  differences in  maximum
ASAT concentrations were noted
between smokers and non-smokers or
between different age groups (data not
showmn)}.

To assess whether changes in coro-
nary risk factors during follow-up may
have influenced MI incidence and case
fatality heterogeneously, we analyzed
changes in major risk factors by birth
cohort, first between survey | and
survey II, and then between survey Il
and survey lIl. Table 5 presents means
and frequencies of risk factors, and the
absolute and relative changes over 3
years in those who participated in
survey I and survey li. Total cholestaroi
declined in all subgroups except the
oldest women. Diastolic blood pressure
increased by 2-3 mmHg in all groups.
Smoking frequency declined, but less so
among women. Table 6 presents risk
factor levels in those who participated
in survey I and survey III. During the
ten years, smoking frequency decreased
by 16% in the oldest, but was
unchanged in the youngest birth cohort.
Despite the increase in age, serum total
cholesterol changed very little in men,
in contrast to women who had up to



12% increase in serum cholesterol. A
great increase in antthypertensive
treatment was reported by both sexes
and all age groups. By 1987, 21% of the
women and 15% of the men who were
58-62 vears old, were treated for
hypertension.

Taken together, Tables 5 and 6 show
that the smoking frequency declined in
all subgroups hetween 1974 and 1987.
The absolute and relative decrease was
greater among men than women, and
greater in the older than in the youngest
birth cohort within each sex. In contrast,
time trends for serum total cholestero!
diverged in the sexes. Mean serum
cholestero! increased by 0.38 mmol/L in
the oldest and by 0.55 mmol/L in the
youngest women, but decreased by 0.26
mmol/L. in the oldest and increased by
0.10 mmol/L in the youngest men.

DISCUSSION

Secular trends in  mortality from
coronary heart disease are a function of
age, period and cohort effects, which all
act in combination. Further, a decrease
in coronary mortality may be artificial,
due to changes in classification criteria,
or real, reflecting & decrease in coronary
disease incidence, better treatment and
increased survival in those with “soft”
disease manifestations, or a lower case
fatality in myocardial infarction. An
analysis based on official mortality
statistics showed that from 1977-82 to
1983-87 the coronary mortality in
Finnmark declined by 29% among men
aged 40-49 vears, by 16% among those
aged 50-59 years, and by 16 % among
those aged 60-69 years [4]. The present
study showed that age-specific S-vear
incidence rate of M1 in 46-50 year old
men in Finnmark was unchanged from

1975-79 to 1985-89, while the case
fatality rate decreased from 27% to 19%
in the same age group. However, there
were few cases in each stratum and the
30% reduction in case fatality was not
significant.

Data for case validation and classi-
fication were collected from medical
records in retrospect. New and more
sensitive diagnostic tools came into
clinical use but were not used for case
validation to  ensure  consistent
classification criteria. Silent Mis were
not included in the coronary endpoint,
and we avoided therefore a possible
time dependent detection bias due to
more widespread use of ECG in general
practice during follow-up. Several
sources were used to detect incident
cases of ML However, an
underregistration of nonfatal events
must be expected, mainly among those
who had moved from Finnmark and
who did not respond to the postal survey
in 1991, We estimated the number of
missed events to less than 20.

The lower 28-days’ case fatality
during the last part of the 1980s was
unexpected, since case fatality in MI
increases with age [10,11]. There was
no reduciion In case fatality in a study
among men in New Zealand 1974 1o
1986 {121, while case fatality decreased
from 38% in 1985 to 27% in 1990
among men in the MONICA-Toulouse
population [13]. Changes in major risk
factors explained the decline in
coronary mortality between 1972 and
1986 among men in Finland [14], but
from 1986 to 1992 the observed decline
was larger than predicted, suggesting
that improved treatment or other factors
not accounted for became relatively
more important for mortality reduction
from the late 1980s.



A change in hospitalization policy
towards minor infarcts could have
introduced a time dependent detection
bias and would contribute both to a
higher incidence and to a lower case
fatality. Our data do not indicate that
this was the case. Serum concentrations
of cardiac enzymes indicate infarct size
and predict  mortality [15]. We
registered maximum ASAT values, and
whether adequate serial measurements
had been taken. Although the enzyme
measurements were not standardized,
neither according to time since symp-
tom debut nor by laboratory method, the
data indicate that maximum ASAT
values tended to be lower in the first 5-
year period, especially among women.

As expected in a cohort study, the
crude incidence of MI increased with
duration of follow-up. The study
allowed an assessment of age-specific
S-year incidence rates through all three
time periods cnly for those who were
46-50 years at the beginning of each 5-
year period, and this incidence did not
change.The finding was surprising,
given the downward trend in age
specific coronary mortality known from
vital statistics {2-4]. However, smoking
was the strongest risk factor for MI
incidence in this study population, while
blood pressure and serum lpids were
additional independent predictors [9].
On the other hand, blood pressure was
the most important predictor of case
fatality, and smoking, but not serum
cholesterol, was an additional
independent predicter [16]. Could
changes in risk factors during follow-up
influence incidence and case fatality
heterogeneously in the different birth
coborts and time periods? In the age
groups under study, several changes in
major cardiovascular risk factor levels
took place from the first to the second

survey, and from the early part (1977) to
the late part (1987) of follow-up.
Overall, the frequency of daily smoking
decreased from 55% to 49% between
among men, and from 42% o 40%
among women from 1977 to 1987, but
age differences were seen. The smoking
frequency was reduced by 17% in those
born from 1923 to 1929, but remained
unchanged among men and women who
were 10 vears younger. As a result, the
smeking frequency in the oldest birth
cchorts dropped below the percentage
among the younger subjects, and the age
specific smoking frequency among 46-
30 wyears old subjects remained
approximately 50% throughout follow-
up. Similarly, mean serum cholesterci in
men remained unchanged in the two
oldest but increased by 0.20 mmol/L in
the youngest birth cohort from survey 11
10 survey III. Thus, total cholestero! in
46-30 years old men decreased by less
than 0.10 mmol/L from 1977 to 1987.
The change in methods of blood
pressure measurement with no syste-
matic intermethod validation prechudes
an assessment of changes in blood
pressure to be made.

Atherosclerosis is the main inter-
mediate step in the causal chain for
myocardial  infarction, with blood
cholesterol as the major determinant.
The ag time from risk factor exposure
to disease incidence in not firmly
established, neither is the lag time for
risk reduction when intervemtion is
introduced. In recent triais the clinical
effect of lipid lowering medication in
high risk individuals was seen within 6
months after randomization in primary
{17] and within 2 vears in secondary
[18] prevention. Based on 40-49 year
old men in the Seven Countries’ Study,
Rose [19] estimated the lag time for
serum cholesterol, blood pressure and



smoking exposure to overt coronary
disease t0 more than ten years in the
general population. However, a rapid
decline in coronary mortality in Norway
during World War 11, followed by an
irmediate and great increase after 1945
{207, indicate that when great changes in
diet and lifestyle occur, the lag time is
much shorter than weuld be expected if
the risk was mediated only through long
term atherosclerosis. The stable jevels
of total cholesterol and smoking among
46-50 year old men correspond with the
unchanged MI incidence in the same
age group in this study.

Hyperiension treatment increased
during follow-up. By 1987, 15% of the
men and 21% of the women who were
bom from 1925 to 1929, were on blood
pressure lowering medication. No data
were collected on type of drug used. In
a sub-sample, diuretics (60%) and B-
blockers (30%) were the main classes of
antihypertensives used in 1977 [21]. B-
blockers prevent reinfarctions and
sudden death afier an initial infarct [22],
winle the primary prevention effect in
hypertension treatment is uncertain [23].
A twofold sales increase in P-blockers
in Finnmark from 1976 to 1988 (24,25}
reflects an  absolute increase in
hypertension treatment, a shift from
other antihypertensives and diuretics to
B-blockers, and increased use of J-
blockers in secondary prevention. In the
mid-1980s there was also a shift to low-
ceiling and potassiumsaving diuretics
[26] following studies that focused on
risk of sudden death associated with
high doses of thiazides [27.28]. In this
study population, hyperlension treat-
ment was associated with an increased
risk of MI [9], but with a (non-signi-
ficantly) reduced risk of dying after the
heart attack [16}. No firm conclusions
can be drawn, but increased hyper-

tension treatment and changes in
treatment policy may have affected
incidence and case fatality hetero-
geneously in the three time periods.

The effect of PTCA on the outcome of
angina pectoris 1s uncertain {291, but
coronary  artery  bypass  grafting
improves long term survival in some
types of coronary artery disease [30]
and may influence coronary mortality in
the general population. However, those
intervention procedures were not of
importance for the endpoints in this
study. One half of the surgical
interventions were performed on
patients who had already suffered from
MI. Most operations were performed
during the last 5-year period, and could
therefore at best coniribute to lower MI
incidence in the last rather than in the
preceding time periods. The delay from
MI to bypass surgery was too long to
affect case fatality; only one man was
operated within 4 weeks.

Thrombolytic therapy came into
regular clinical practice towards the end
of follow-up. The main admitting
hospital participated in the ISIS-2 trial,
which included patients from March
1985 to December 1987 [31]. Because
of the blinded randomization, the actual
treatment is noi known for all 46
subjects whom we recorded as treated.
Most coronary deaths occurred suddenly
and out of hospitals or shortly after
hospital admission.We estimated that a
maximum of 6 subjects could have been
“saved” during the last 5-year period,
had streptokinase been administered to
all subjects theoretically eligible for
treatment; thus, streptokinase cannot
have had a major impact on case fatality
in this study. Aspirin was used in ISIS-2
[31], but was not unequivocally
recommended for pre-hospital
admission treatment until the 1990s in



Norway [32]. We did neither record
such treatment nor other acute phase
therapy regimens for which treatment
policy changed during follow-up and
which may have influenced case fatality
positively [33] or negatively [34].

In conclusion, this study showed that
overall case fatality rate in MI in
Finnmark remained quite constant from
1975-79 t0 19835-89 in this cohort in
spite of ageing. Coronary risk factors
remained stable and no trend in the
incidence of MI was observed among
46-50 year old subjects from 1975-79 to
1G85-89. The case fatality rate in this
age group was nonsignificantly lower in
1985-8% than in preceding periods.
Improved secondary prevention may
possibly have contributed to a lower
case fatality and a lower coronary

mortality  without  affecting  the
incidence of M.
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Table 1. Baseline characteristics in men and women by vear of birth.

The Finnmark Study, 1974 or 1977.

Year of birth
1925-1929  1930-1934  1935-1939

MEN n=2023 m=2031 n=2070
Age (year) 472 423 373
Blood pressure (mmHg)

Systolic 137.0 133.9 132.8

Diastolic 854 84.1 §2.2
Serum lipids (mmol/L)

Total cholesterol 7.11 6.95 6.65

Triglycerides 1.94 193 1.90

HDL cholesterol 1.31 1.30 1.27
Seif reported

Daily smoking (%) 67.1 66.7 60.4

Antihypertensive treatment (%) 4.6 2.1 1.6
WOMEN n=[875 n=1746 n=I857
Age (year) 47.2 423 37.2
Blood pressure (mmHg)

Systolic 135.7 129.3 124.4

Diastolic 829 79.7 77.3

Serum lipids (mmol/L})

Total cholesterol 7.07 6.65 6.34

Triglycerides 1.54 1.39 1.31

HDL cholesterol 1.52 1.53 1.51
Self reported

Smoking (%) 46.5 47.5 48.8

Antihypertensive treatment (%6} 6.6 3.8 1.7
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Table 2. Incidence rates of myocardial infarction (MI) per 1000 person years by sex

and year of birth. The Finnmark Study, 1975-1989

010175-31127%

Time of event

010180-311284

010183-311289

Person MI Rate/  Person MI Rate/ Person MI Rate/
Year of birth years n 1000 yvears n 1000 years n 1000
MEN
1925-29 9865 70 7.1 9207 96 104 8316 127 153
1930-34 10003 39 3.9 9561 61 64 8973 105 11.7
1935-39 10264 22 2.1 10032 26 26 9637 68 7.1
Total 30132 131 44 28799 183 6.4 26926 300 111
WOMEN
1925-29 9272 15 16 9041 23 25 8707 30 3.5
1930-34 8706 3 0.3 8599 11 13 8384 20 2.4
1933-39 9247 2 02 9138 10 1.1 8997 9 10
Total 27225 20 0.7 26779 44 1.6 26088 59 23
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Table 3. 28-days case fatality rate in myecardial infarction by sex and vear of birth,

The Finnmark Study, 1975-1989

Time of event

010175-311279 010180-311284 (10185-311289

Total* Fatal CFR** Total* Fatal CFR** Total Fatal CFR**

Year of birth n n % n n % n n %
MEN

1925-29 70 19 271 96 31 323 127 34 4235
1930-34 39 13 333 61 25 410 105 25 238
1935-39 22 5 227 26 7 269 68 13 19.1
Total 131 37 282 183 63 344 300 92 30.7
WOMEN

1925-29 15 3 200 23 8§ 348 30 12 40.0
1930-34 3 0 - i1 4 364 20 2 1049
1935-39 2 0 - 10 2 200 9 3 333
Total 20 3 150 44 14 318 39 17 288

* Total, total number of myocardial infarction; ** CFR, case fatality rate
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Table 4. Coronary artery bypass grafting and PTCA* in men and women by
year of birth and 5-year periods. The Finnmark Study, 1975-1989

Year of intervention procedure

1975-79 1980-84 1983-89
Year of Total After MI **  Total After MI* *  Total After Mi**
birth n n n n n n
MEN
1925-29 4 2 18 9 26 10
1930-34 3 1 10 6 27 15
1935-39 3 2 3 1 17 12
1925-39 Ht 3 31 16 70 37
WOMEN
1925-29 1 - 1 - 9 4
1930-34 - - 2 2 7 1
1935-39 - - 2 1 - -
1925-39 1 1 3 3 16 )

* PTCA, percutaneous transluminal coronary angioplasty
** Coronary artery bypass grafting/PTCA performed after a first myocardial

infarction (MI) had occurred
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Body Height, Cardiovascular Risk Factors, and
Risk of Stroke in Middle-aged Men and Women

A 14-Year Follow-up of the Finnmark Study

Inger Njslstad, MD; Egil Amesen, MD; Per G. Lund-Larsen, MD, PhD

Background Geographical differences in stroke mortality are
not fully explained by population variations in blood pressure
and antihyperiensive treatment. Some studies have suggesied that
factors connected with health and nusrition in early life may be
related to stroke morbidity and mortality. Body height is a sen-
sitive marker for sociceconomic conditions, but results are con-
flicting as to whether height is associated with stroke.

Methods and Results  In a population-based study, we in-
vestigated stroke incidence in rejation fo height and classic car-
diovascular risk factors. A total of 13 266 men and women 35
to 52 years of age were followed for 14 vears, and 241 first
events of stroke were registered. Stroke incidence was 36%
higher in men. Height was inversely related to stroke in a dose-
response manner. Per S-cm Increase in height. the age-adjusted

risk of stroke was 25% lower in women (P<.0001) and 18%
lower in men (P=.0007). Systolic blood pressure and daily
smoking were positively associated with stroke in both sexes,
while serum triglyceride Jevel was e significant risk factor in
women only (relative risk per 1 mmol/L, 1.3; 93% CI, 1.1 to
1.5). The associations remained after adjustment for possi-
ble confounders and were also observed in cemain subtypes
of stroke.

Cenclusions  The results are consistent with the theory that
factors influencing early growth as well as adult lifestyle factors
contribute 1o cerebrovascular disease in adult age. (Circulation.
1996;94:2877.2882.)

Hey Words » risk factors = stroke o epidemiclogy «
cerebrovascular disorders

fficial Norwegian statistics show that stroke
mortality is higher in northern Norway than
farther south.! Curiously. there are no corre-
sponding geographical differences in blood pressure dis-
tributions in the general population.? Additional stroke
determinants that are urevenly distributed between
the northern and southern regions therefore should be
sought. One such factor is body heighi,? which is deter-
mined both by genetics and by nutrition and health status
in early life.*

Height is inversely associated with all-cause and car-
diovascular mortality.s In England, stroke mortality var-
ies inversely with average body height in different
regions,® but the association between height and stroke is
as yet not ¢larified. ™ From observations in Norwegian
counties, Forsdah}6:7 postulated poor childheood living
conditions followed by prosperity io be associated with
a high cardiovascular monality in adult age. Studies from
Engiland and Wales support the view that unfavorable fac-
tors in fetal and infani life may be important for later
coronary heart disease and stroke. 13

In the present study we had the opporiunity 10 assess
height as a risk factor for stroke in addition to classic
cardiovascular tisk factors and ethnicity in a free-living
population of more than 13 000 men and womer who
were 35 to 52 years old at study entry.
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Methods
Study Population

In 1974, a cardiovascuiar disease study was initiated in Finn-
mark, the northernmost county in Norway. The survey was con-
ducted by the National Health Screening Service in cooperation
with the University of Tromse and local health authorities. ' All
resident men and women 35 to 49 years of age and a 10% random
sample of those 20 1o 34 years of age were invited through a
personal, mailed leucr. In four small municipalities, all residents
20 10 49 vears of age were invited. Three years later, a nearly
identical screeming was carried out.? A total of 7073 men and
6339 women (90.3% of those invited) who were bom from 1925
to 1942 atlended one or both screenings. Both surveys comprised
a questionnaire on cardiovascular history and symptoms, smok-
ing habits, physical activity, and ethnicity. The quesfionnaire was
to be filled in at home and was checked for consistency at the
examination. Height was measured 1o the nearest centimeter and
weight to the nearest half-kilogram. Blood pressure was mea-
sured twice with a mercury sphygmomanometer in sitting sub-
jects and after 4 minutes” rest. Nonfasting total cholesterol, tri-
glycerides, and glucose were determined in chilled sera. Serum
HDL cholesterol was delerrnined only at the second screening.?

The questionnaire used these questions to define ethnicity:
“Are two or more of your grandparents of Szami origin?” and
“Are two or more of your grandparents of Finnish ofgin?” Fifty
percent were classified to be of Norse. 17% of Finnish, and 13%
of Saami (Lappish) origin. The remaining persons were of Saamif
Finnish (4%) or unknown (16%) ethnicity. In ali, 77% of the
subjects were horn in Finamark.

Follow-up and Case Identification

A total of 13 266 participants free from stroke at baseline and
with a nonmissing value for height were followed; excluded were
16 men and 13 women with verified or possible stroke before
screening. Mean follow-up was 14 years. First fatal or nonfatal
stroke was the oulcome measure.

Strokes were detected through hospital discharge diagnosis
lists (International Classification of Diseases 8th and $th revision
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Tapee 1. Baseline Characteristics in Men and Women:
The Finnmark Study, 1974-1989

TasLe 2. Distribution of Stroke Subtypes by Sex:
The Finnmark Study, 1974-1989

Men Women

Variahle n=7002) {n=4264}
Age, ¥ 41.5(4.6) 41.4 (4.7}
Blocd pressure, mm Hg

Systolic 134.2 {16.2) 129.0 (17.8)

Diastolic 83.8{11.0) 79.8 {10.5)
Body mass index, kg/m” 25.2 (3.1) 250 (4.4
Height, cm

All ethnic groups 728 (7.0} 180.0 (8.5

MNorse 175.3 (6.4} 182.2 6.7

Finnish 1729 (82) 160.C {8.9)

Saaml 165.8 (6.2) 154.4 (6.0}

SaamFinnish 165.2 (6.3} 136.2 {5.9)

Unknown ethnicity 1711 (6.4 158.7 (8.1}
Serum lipids, mmol/L

Total cholesterol 6.2 (1.4) 5.5 {1.4}

Triglycerides 1.8(1.2 1.4 {0.8)

HDL cholesterol” 1.3 (0.4 1.5 8.4
Smoking habits

Never-smokers, % 147 386

Ex-smokers, % 217 3.8

Current smokers, % 635 47.6
Prevalent conditions

Diabetes, % 035 0.3

Treated hypartension, % 24 3.7

Values are mean (standard deviations in parentheses) or percentages.
To convert cholesterol values to mo/dl, multiply by 38.78. To convert
triglycendes to mg/cl, multiply by 88.57.

"In 5878 men and 5416 women and measured at the sacond screening.

codes 430-438) and through a sysiematic survey of the record
files in the only two Finnmark hospitels. Deceased persons, with
dates and causes of death, were identified by linkage to the Nor-
wegian Registry of Deaths. A postal questionnaire to all 12 028
participants alive by June 1991 aimed to detect cut-of-county and
nonhospitalized events. The response rate was 81%. A total of
346 postal survey norrespondents had moved from Finnmark
during follow-up. Strokes among these (356 of the entire cohori}
are likely fo have been missed, while nonfztal cases among non-
respondents who resided in Finnmark throughout the follow-up
period were detected through the hospital record surveys, Non-
hospitalized events in the latter group may have escaped regis-
tration but are assumed 1o be very few in these young persons.
If a death cetificate, medical record, or postal survey response
indicated a siroke. additional information was collected from hos-
pitals and physicians for case verification and subtype classifi-
cation of the first-ever stroke event. The World Health Orzani-
zation definition of stroke was followed. 2 Strokes were classified
as subarachnoid hemorrhage, intracerebral hemorrhage, cerebral
infaretion, or unclassified stroke. Cases with bloody spinal fluid
but no further information 10 distinguish between subarachnoid
or intracerebral hemorrhage {n=10) were included in the unclas-
sified subgroup.

The validation process included inspection of medical records
or discharge letters, autopsy repors, and radiograph and cerebral
computer romegraphy descriptions. Eleven cases with a physi-
clan’s diagnosis of stroke but inaccessible further medical infor-
mation were included. One person did not give written consent
for validation and was assigned as probable stroke. Not included
as cases were 27 persons with some sympioms of stroke but with
information suggestive of trauma or another disease.

The study was approved by the Regional Commitiee for Med-
ical Research Ethics and the Norwegian Dawa nspectorate. The
State Health Directorate permitted access to medical record files.

Data Analysis

Incidence rates were based on the person-years from the date
of the first screening attended until the first stroke, with the date

Man Wamen
Stroke Subtype Cases % Lases %o
Subarachneid hemorrhage 20 13.9 28 28.8
intracerebral hemorrhage g 6.3 14 14.4
Cerebral infarction a4 44.4 18 18.6
Unclassitied stroke 51 35.4 37 38.1
Total 144 000 97 100.0

of death from ouher reasons, emigration, or December 31, 1989,
as censoring date. Age adjustment of incidence rates was per-
formed by the direct method on 3-year age groups and with all
attenders as the standard population. Age- and muitivariate-ad-
justed relative risks were obrained from Cox proportional hazards
analysis, in which these continuous variables were considered:
age, systolic blood pressure, height and body mass index (weight/
height?), and serum total cholesterol, iriglycerides, and glucose.
Relative risks were determined for units arbitrarily chosen to ap-
proximate standard deviations for both sexes. Daily smoking
(yes/no}, setf-reported diabetes (ves/no), medically weated hy-
pertension {yes/no), znd ethnic groups were included as co-
variates. In one analysis, height was examined by sex-specific
quartiles. The numbers included vary slightly between individual
analyses as the result of missing values. All significance tests
were two-tailed, and significance level was chosen at 5%. The
SAS statistical package version 8.09 was used.

Results

Baseline mean values and frequencies are given in Ta-
ble 1. Serum lipids and blood pressure were higher in men,
and more men were daily smokers. Large ethnic differ-
ences in height were observed. The differences in mean
height between Saami (shortest) and Norse (tallest) men
and women were 8.4 cm and 7.8 cm, respectively. The age
distributions were similar in all ethnic groups.

During 187 336 person-years, 144 first-ever strokes
among men and 97 first events among women were
regisiered. Sex differences in siroke distribution were
seen (Table 2). Almost 40% of the cases could not be
subclassified.

Overall swoke incidence was 1.08 per 1000 person-
years in women and was 36% higher among men {Table
3). Higher age-adjusted rates of stroke were observed
among Finnish and Szami/Finnish men than among men
of Nerse origin, but the relative risks were only of bor-
derline significance when controlled for height. In general,
relative risks associated with ethnicity were atenuated
once height was aken into account.

In both sexes, height, systolic blood pressure, and daily
smoking were highly significant risk faciors for stroke
when adjusted for age (Table 4}, The estimates changed
only stightly when controlled for other variables. There
was an apparent threshold level for smoking; incidence
raies were similar in nonsmokers and smokers of <10 cig-
arettes per day (men, 1.} per 1000 person-years; women,
0.8 per 1000 person-years), The incidence among smokers
of =10 cigarettes was 1.8 per 1000 person-years in both
men and women, with no additional risk increase among
those who smoked =20 cigarettes {data not shown). Being
treated for hyperiension was a strong risk factor for men
only. Boedy mass index was a highly significant predictor
in the univariate but not the multivariate model, Few re-
ported to be diabetics at baseline in this young cohort, but
diabetes was nevertheless a strong risk factor among men,
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TABLE 3. Age-Adjusted Incidence Rates of Stroke per 1000 Person-Years, Relative Risks, and 95% CI by Ethnic
Group and Sex: The Finnmark Study, 1974-1989

Men Women

Ethnic Person- Cases, Rate/ Relative Relative Person- Cases, Rate/ Refative Relative
Group Years R 1000 Risk® 95% Cl  Riskt 958% CI  Years n 1000  Risk* 95% Cl Riskf 95% CI
Norse 48 108 55 1.15 1.00 1.00 44 887 46 1.03 1.00 1.00
Finnish 16 805 33 1.92 .88 1.08-25% 154 100239 15808 15 0.894 0.81 0.51-1.62 .78 043-1.40
Saami 13127 21 1.82 1.35  0.82-224 093 457171 12413 14 1.16 1.1 0.81-2.01 064 033-1.24
SaamiFinnish 3714 it 297 254 133486 195 100-383 3371 5 150 143 057-381 093 036240
Unknown 15968 24 1.46 1.2% 080208 130 0.68-1.80 138625 17 1.24 139 0.68-2.08 983 052-184
Tatal g7 522 144 +.47 89 814 87 1.08

*Relative risk adjusted ior age.
tRelative risk adjusted for age and body height.

while serum glucose did not predict stroke in either sex.
To examine the role of HDL cholesterol, a separate anal-
ysis was performed with the 1977 survey as baseline and
with 5876 men (115 strokes) and 5410 women (67 strokes)
in the cohort. Adjusted for all variables in Table 4 except
triglycerides, a nonsignificant inverse relation was seen
between serum HDL cholesterol and siroke in men (refa-
tive risk per 0.4 mmoVL increment in HDL chelesterol,
0.8; 95% CI, 0.6 to 1.0} and women (relative risk, G.8;
95% C1, 0.6 1w 1.1}

Table 5 presents stroke in relation to sex-specific quar-
tiles of body height. Controlled for age. ethnic group, and
independent risk factors, an inverse association between
height and stroke with a clear dose-response patlern was
observed. The stroke risk was halved in the tallest com-
pared with the shortest quartile among men and was re-
duced by 56% in women. The x? test for linear trend was
highly significant in both sexes (P<.002).

Next, we examined the relation between several risk
factors and stroke subtypes in four separate Cox analyses
{Tzble 6). There were 100 few cases to warrant a sex-§lrat-
ified subtype analysis. The muitiple adjusted relative risks
were virtually unchanged from relative risks adjusted only
for age and sex (not shown}. Height scemed inversely re-
lated to all stroke subtypes: the strongest relation was with
intracerebral hemorrhage, while a borderline significance
was seen for cerebral infarction and statistical significance
was not reached for subarachnoid hemorrhage. Daily
smoking was associated with a twofold-increased relative
risk for all stroke subtypes except intracerebral hemor-
rhage. Also, daily smoking was the only variable signifi-
cantly associated with subarachnoid hemorthage. No sig-
nificant relation was observed between iotal cholesterol

and any stroke subtype, but the data suggested a positive
association with cerebral infarction and a negative asso-
ciation with subarachnocid and intracerebral hemorrhage.

Finally, we investigated risk factors for fatal stroke, Al-
wogether, 23 men and 34 women died within 28 days after
a first stroke. In all, 37 of these had a confirmed intrace-
rebral or subarachnoid hemorrhage. In a Cox regression
analysis as in Table 6, the relative risk associated with
height was 0.64 (95% CI, 0.53 1o 0.78). Daily smoking
{relative risk, 3.06; 95% CI, 1.65 to 5.67) and systolic
blood pressure (relative risk, 1.34; 95% CI, 1.09 1 1.63)
were significant risk factors. Serum cholesterol was in-
versely related to fatal stroke (relative risk, 0.77; 95% CI,
0.61 to 0.95) (data not shown in table).

Discussion

Body height was a significant predictor of stroke in this
population-based prospective study. The inverse relation
between height and stroke was continuous, independent
from obesity and classic cardiovascular rigk factors, and
observed in both sexes, In the tallest compared with the
shortest quartiles, the risk of stroke was 55% lower among
men and 66% lower among women. Qur data snggest that
the inverse relationship may hold for all subtypes of stroke
except subarachnoid hemorrhage. Furthermore, blood
pressure and cigarette smoking were significant indepen-
dent predictors. whereas serum lipids and stroke were in-
consistently related. .

The population-based approach and the high attendance
rate make selection bias unlikely. The follow-up on vital
status was complete, and death certificate diagnoses were
known for all deceased persons. A thorough search for
{atal and nonfatal events was made in the hospitals serving

TasLE 4. Risk Factors for Siroke: Adjusted Relative Risks and 95% Cl by Sex: The Finnmark Study, 1974-1988
Men Women

(144 Cases) {96 Cases)

Relative Risk Betfative Risk
Variable Adj” 95% € Adjt 95% Cl1 Adj" 5% CI Adjt 85% Cl
Systolic blood pressure, 15 mm Hg 1.48 1.29-1.65 1.34 1.18-1.52 1.29 1.12-1.48 1.25 1.08-1.46
Daily smoking {yes/no) 1.48 1.02-2.13 1.64 1.13.2.37 1.85 1.23-27% 2.2 1.238-3.23
Height, 5 om 0.52 0.73-0.82 0.84 0.74-0.96 475 0.65-0.87 073 062-0.87
Body mass index, 3 kg/m? 1.26 1.093-1.45 1.13 0.97-1.32 1.19 1.06-1.34 .11 0.98-1.28
Total cholesterc!, 1 mmolL 1.16 1.05-1.29 1.08 6.95-1.22 1.03 0.89-1.1¢ 0.5% 0.75-1.0%
Triglycerides, 1 mmokL 1.12 1.00-1.25 .01 0.88-1.15 1.30 1.14-1.48 1.28 1.05-1.57
Glicose, T mmol/iL 1.08 0.85-1.24 . 1.02 0.83-1.26
Diabetes (yes/no) 458 1.49-14.7 488 1.55-15.4 .. ... ... ..
Treated hypertension (yes/ng) 4.62 2.70-7.92 318 1.80-5.64 1.70 0.78-3.70 113 0.50-2.52

*Relative risk adiusted for age. )
+Relztive risk adjusted for age, ethnic group, and for ail variables fisted.
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Tasig 5. Age-Adjusted Incidence Rates of Stroke per 1000 Person-Years, Relative Risks, and 95% C} by
Bex-Specific Quartiles of Body Meight: The Finnmark Study, 1974-1989

Men Women

(57 522 Person-Years) - (89 814 Person-Years)
Height, cm Cases, r  Rate/i000* Relative Riskt 9$5% CI Height, cm  Cases,n  Rate/i000* Relative Riskt  $5% CI
<168 47 2.08 1.00 <157 43 1.85 1.80
168-172 45 1.77 0.83 0.55-1.27 157-160 23 1.04 0.54 0.33-0.91
173177 31 1.18 038 0.36-0.94 151-164 1 0.54 0.28 0,14-0.55
178+ 21 0.86 0.45 0.25-0.78 165+ 14 0.70 0.34 0,18-0.54
P, test for linear trend o017 . .0oot

“Fate adjusted for age. . . .
tRelative risk adjusted for age at entry, ethnic group, systolic blood pressure, triglycerides, daily smoking, diabetes, and treated hypertension.

the inhabitants of the county. The high response rate on When conirolled for other risk factors, no association
the postal survey makes any large influence from missed persisted between serum total cholestero} and all stroke in
nonfatal eveats uniikely, although 15% of the sobjecis either sex. Specified by stroke subtype, our data show an
moved from Finnmark during follow-up. If incidence rates inverse relationship between serum cholesterol and sub-
of nonfatal stroke among postal survey responders are ap- arachnoid as well as iniracerebral hemorrhage and a pos-
plied to the nonresponders, 28 cases would be expected itive relation with cerebral infaretion. Though nonsig-
among these persons. Actuaily, 28 cases were detected nificant, these results are consistent with the large Mul-
through the medical record surveys. Events in which a tiple Risk Factor Intervention Trial®s and other prospec-
possible trauma or alternative disease could not be ruled tive studies of cholesterol and cerebral hemorrhages?
out were not defined as cases. However, almost 40% of and thromboembolic stroke262% and as reviewed by Qiz-
the strokes could not be subtype-classified because of non- iibash et al.® Conurelled for confounders, serum triglye-
performed investigations or lack of detailed information, eride level was associated with stroke only in women, at
and the resulis should be interpreted in the light that “un- variance with a Scandinavian swudy of mostly ischemic
classified stroke” is a heterogeneous group in which intra- strokes,

cercbral hemorthages and cerebral infarctions probably

make up different proportions in the two sexes. Body Height and Stroke

Te our knowledge, the Nurses’ Health Study's is the

Cardiovascular Risk Factors and Stroke only previcus study on the association between height and

Daily smoking was a significant predictor of stroke in stroke in women and the only prospective study on height
both sexes and for all subtypes except intracerebral hem- in relation to stroke subtypes. This large study found no
orrhage. A positive relation between cigarette smoking and association between height and stroke incidence or be-
stroke was alse seen in recent prospective studies among tween height and stroke subtypes.’s However, no baseline
men'? and women.? Furthermore, our results are in lae biclogical measurements were undertaken, the study used
with a large meta-analysis?? that demonstrated that smok- self-reported height, and it was not population based. Re-
ing in particular was associated with subarachnoid hem- suits from studies among men vary. In 2 nested case-con-
orrhage and cerebral infarction. trol study of stroke mortality, Paffenbarger and Wing?

Systolic blood pressure has been a better stroke predic- found future cases to be on average 1 inch shorer than
tor than diastolic pressure in several swudies.”? We ob- control subjects, Tverdal® reported a significant inverse re-
served no sex difference in the relation between systolic fation between height and stroke mortality in a follow-up
blood pressure and stroke, but being treated for hyperten- study of 53 000 Norwegian middle-aged men, which in-
sion was a strong risk factor only for men. In the Copen- cluded men from the present ecohert. An inverse, however
hagen City Heart Study, the risk of stroke was 1.3 times nonsignificant, relation between height and stroke inci-
higher among treated than among untreated subjects for a dence and mortality was observed in the Oslo study of men
given systolic blood pressure with both sexes combined. 40 049 years of age.!? A large cohort study among Amer-

TaslE 6, Selected Risk Factors for Stroke Subtypes™: Adjusted Relative Risks and 95% Cls:
The Finnmark Study, 1974-18389

Subarachnoid intracerebral
Hemorrhage Hemorrhage Cerebral Infarction Unclassified Stroke
(48 cases} {23 cases) (82 cases} {87 cases}
Reiative Relative Relative Relative

Variable Riskt @5% ClI Risk{ 5% Ci Biskf 95% Gt Riskt 95% Cl
Sex {M/F) 0.75 0.32-1.74 2.08 0.67-6.48 4.43 2.22-8.88 242 1.32-4.44
Systolic biood pressure, 15 mm Hg 117 0.92-1.49 1.36 £.98-1.88 1.37 1.16-1.61 .31 1.12-1.54
Smoking {yes/no} 2.09 1.12-3.91 0.88 0.38-2.08 2.15 1.30-3.58 1.88 1.18-2.95
Total cholesterol, 1 mmol/. 0.89 o.71-1.42 0.78 8.54-1.08 112 04.97-1.30 1.07 0.82-1.24
Height, 5 cm 051 a.72-1.18 ¢.61 0.45-0.82 385 0.71-1.01 o7 0.65-0.88
Body mass index, 3 kg/m? 101 0.81-1.26 1.07 0.80-1.43 116 0.98-1.37 1.18 1.02-1.36
Treated hypertension (yes/no) 1.90 0.55-6.51 a.94 0.12-7.49 162 0.67-3.89 3.01 1.55-5.88
Digbetes {yes/no) . - e 3.28 0.45-235 578 1.40-23.7

13 221 parsons {240 cases} with nonmissing values for afl variables analyzed in four separate Cox regression analyses,
tAdiusted for age at enlry, the other varizbles, aad for ethaic group.



ican physicians found a small, ponsignificant decrease in
stroke 1isk in the tallest compared with the shortest height
quintile. No significant trend across height categories was
seen.’t

What, then, could explain the inverse association be-
tween height and stroke in the present study? At least two
different eticlogic paths are conceivable. First, a short stat-
ure per se might physically increase the sk of stroke.
Height is inversely associated with heart rate,’ positively
correlated to coronary artery lumen diameter,* and could
possibly affect stroke risk through physiological mecha-
nisms, although we are not aware of any such evidence.
Alternatively, the final attained height may be regarded as
a marker of the sum of factors operating in early life, with
some unfavorable factor related 1o height causing the as-
sociation between adult height and stroke. Average body
height reflects the soctoeconomic level of a society.3> In
individuals, height is both influenced by hereditary fac-
tors# and associated with family economy in childhood?s
and with social class.3637 Importantly, due 10 the finely
tuned mechanisms of catch-up growth,™ a permanent
stunting of growth must be expected 1o have occurred ei-
ther during a seasitive intrauterine or infant period or must
be due to a prolonged peried of poor nutrition or illness.
Undernutrition during intrauterine life may permanently
affect body size, and, depending on its liming, struciures,
metabolism, or hormonal activity, 3940

Some evidence of an early life influence on stroke risk
does exist. Forsdahl’¢ demonstrated a strong positive cor-
relation between past infanl mortality and adult stroke
mortality among Norwegian men but not women. Current
stroke mortality in England and Wales correlates with past
neonatal rather than postneonatal mortality. ! The corre-
Tation was even stronger with past matemnal mortality ex-
clusive of puerperal fever, ¥ indicating a prenatal influence
on later stroke risk.

Blood pressure and serum lipids are modifiable risk
faciors associated with aduit lifestvle. However, in utero
growth and adult bicod pressure seem related.*? and in-
creased blood pressure has been suggested as the physi-
ological link between early living conditions and stroke
risk in adult age.?? In our study, no baseline correlation
between height and systolic bload pressure was observed
in men (Pearson r=.003. P=.8052}, and a weak but sig-
nificant correlation was present in women {(r=-.053.
£<.0001). In both sexes, sysiolic blood pressure and
height were highly significant independent predictors in
the multivariate model, suggesting that they may influ-
ence the risk of stroke through different mechanisms.

Serum cholesterol in adults is essociated with past infant
mortality * and with intrauterine growt,* An inverse re-
laticn between height and cholesterol was reported from a
cohort of 19 000 adult men and wornen.2® Serum choles-
terol is positively associated with cerebral atherosclero-
sis,* but a low cholesterol concentration in blood and cell
membranes may add to the fragility of small intracerebral
vessel walls and contribule to the association between Jow
serum cholesierol and intracerebral hemorrhage. % A pro-
icin-rich diet counteracts negative effects of salt on blood
pressure and prevents stroke in stroke-prone rais, * and the
declining stroke moriality in Japan seems closely related
1o postwar socioeconomic improvements, which include 2
diet with less sakt and increased animal fat and protein
content. ™43 Thus, a large body of evidence points 10 the
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importance of nutriticn, whether it be during pregnancy,
childhood, or adult age in siroke epidemiology.

‘We have no reason to believe that this study population
is genetically predisposed for stroke. Stroke mortality
shows a declining trend in Finnmark as in other Norwegian
counties, although the mortality rates are higher.! Hered-
itary factors could possibly play a role in the observed
association between height and stroke. It is nor known 1o
what extent the interethnic height differences in this pop-
ulation are due to genetics or 1o possible group-related
differences in living conditions. Apparent ethnic differ-
ences in stroke were reduced when height was taken into
account. The present cohort was born from 1925 10 1942,
Living conditions in Finamark, as indicated by infant mor-
iality rates, lagged far behind the central areas of Norway
throughout this period®? and were probably tougher for the
Saami and Finnish than for the average Norse popula-
tion.’’ The secular growth curve for army recruits from
Finnmark bora from 1925 to 1942 was steeper than for the
whele country,* but even in those born as fate as 1942 the
mean height was 3.7 cm lower than the national average.?
One may speculate whether the sociceconomic conditions
for this particular study population have allowed stroke
determinants to come forward that will not be apparent in
societies with more oplimal conditions for pregnant
women and children. Furthermore. if this reasoning is cor-
rect, the different selections of siudy participants may pos-
sibly explain some of the discrepancies between the find-
ings on height and stroke in the present study in contrast
to the two large cohort studies among US physiciansi! and
nurses,

Conclusions

Body height was negatively associated while blood
pressure and daily smoking were positively associated
with the risk of stroke in this cohont. It is suggested that a
short stature is a marker for unfavorable conditions during
early life that contribute to the risk of stroke, 1ogether with
factors connected with adult lifestyle. Epidemiological
studies of stroke are needed that more specifically address
nutrition and other health factors in pregnancy, childhood,
and adult age.
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Sex Differences in Risk Factors for Clinical Dizbetes Mellitus in a General
Population: A 12-Year Follow-up of the Finnmark Study

. Njgistad,” E. Amesen,® and P. G. Lund-Larssn?

The associations among chesity, height, cardiovascular risk factors, and the incidence of clinical diabetes
mellitus were investigated in the Norwegian popufation-based Finnmark Study of 11,854 men and women
aged 35-52 vears at baseline in 1977-1978. A total of 87 cases of diabetes among men and 75 cases among
women were registered during 12 years of follow-up. The incidence of diabetes was 1.1 per 1,000 person-
years in women and 1.2 per 1,000 person-years in men, but sex-related differences in risk factors were noted.
Body mass index was the dominant risk factor in men and predicted diabetes in a dose-response refation in
both sexes. However, In women, the association between body mass index and diabeies was greatly
attenuated after muitivariable adjustment. Serum lipid concentrations were similar in prediabetic men and
women; thus, prediabetic women had a relatively more adverse metabolic risk profile as compared with
nondiabetics of the same sex. In multivariable analysis, high density lipoprotein cholesterol was inversely
retated io diabetes in women (relative risk per 0.3 mmolfiiter, 0.53; 85% confidence interval 9.41-0.70} but not
in men {relative risk, 0.97; 95% confidence interval 0.78~1.18). Serum glucose was a highly significant
predictor in both sexes, while height was inversely related to diabetes only in women {relative risk per 5 cm,

0.71; 85% confidence interval 0.58-0.87}. Am J Epidemic! 1898;147:48-58.

dizbetes meliitus, non-insulin-dependent; prospective studies; risk factors; sex

The incidence and prevalence of non-insulin-
dependert diabetes mellitus (NIDDM) are increasing
in many populations (1), and diabetes mellitus has
become one of the most prevalent chronic diseases
worldwide. NIDDM is believed to have a strong ge-
netic basis (2), but rapid changes in lifestyle including
diet and physical activity are rapidly followed by
changes in diabetes incidence and prevalence (3-5).
This points to a large influence of medifiable risk
factors and to a great potential for disease prevention.
Still, the causes and pathogenesis of NIDDM are not
fully clarified (2), justifving further studies on #disk
factors for and consequences of diabetes.

There is increasing evidence that cardiovascular dis-
ease and NIDDM share some common antecedents
(6~8). Further, coronary heari disease is the major
cause of death among persons with diabetes, with a
twofold to fourfold increased mortality compared with
the general population (9). Importantly, the coronary
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Abbreviations: NIDDM, non-insulin-dependent diabetes mellitus;
HOL, high density lipoprotein.
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mortality is relatively more increased in diabetic
women than in dizbetic men (9-11), which may imply
that women with diabetes for some reason have lost
their “female protection” against cardiovascular dis-
ease. It has been advocated that the diabetic state has
a more atherogenic effect in women (12). However,
both diabetic (11, 12) and prediabetic (7) women are
reported to have serum lipid concentrations similar to
those in men, in contrast to the nondiabetic population,
where women have a2 more favorable lipid profile {7,
11, 12). The guestion then arises: Are risk factors for
diabetes mellitus similar in men and women, or could
the attenuated sex differental in coronary disease
among diabetics be associated with sex-related differ-
ences in diabetes determinants? This possibility has
been little investigated. Population-based studies of
nisk factors for diabetes in middle-aged women are
sparse (7, 13, 14). Few prospective studies had the
opportunity to investigate the association between
obesity and NIDDM in both men and women (13, 15,
16), and few studies (7, 13, 16) published data on
cardiovascular risk factors and subsequent diabetes in
both sexes within the same study population. More-
over, severat of the few prospective studies on diabe-
tes were carried out in populations with 2 high prev-
alence of diabetes but a low prevalence of
cardiovascular disease (7, 15, 17).
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The aim of the present 12-year follow-up study was to
mvestigate risk factors for diabetes mellitus among
11,654 free-living middle-aged men and women, Sex-
stratified analyses with validated and identical endpoints
aillowed a comparison of risk factor patterns in the two
sexes. We focused mainly on cardiovascular fisk factors
and height in addition to obesity and glucose, which are
eswablished risk factors for NIDDM (2).

MATERIALS AND METHODS
Subjects

A population-based survey of cardlovascular risk fac-
wrs and disease was performed in 1977-1978 in
Finnmark, the nerthernmost county in Norway. The sur-
vey was conducted by the National Health Screening
Service in coilaboratdon with the University of Tromsg
and local health authorities, and details of study design
and procedures have been published (18, 19). All resident
men and wormnen aged 35-52 years and a sample of those
aged 20-34 vears were invited through a personal,
mailed letter. The present analysis is restricted to those
aged from 35 to 52 years at screening. The attendance
rate in this age group was 87.8 percent. Fifty percent of
the cohort were defined as Norse, 36 percent were of
Finnish or Saami (Lappish) origin, and i4 percent were
of unknown ethnicity.

Sereening procedures and baseline data

Enclosed with the letter of invitation was a ques-
tionnaire that included cardiovascular history and
symptoms, smoking habits, ethricity, and usual level
of leisure physical activity (scif reported as low, mod-
erate, regular training, or hard training). At the exam-
ination, the questionnaire was checked for consis-
tency. Menopausal status in women was recorded.
Time since the last meal was recorded in hours. Body
height was measured to the nearest centimeter and
weight to the nearest half kilogram. Body mass index
was defined as weight (kg)/height (m)* Blood pres-
sure was measured twice with a mercury sphygmoma-
nometer with the subject sitting and after 4 minutes’
rest. The lower values were used, Details of laboratory
methods have been published (I8, 19). Noxnfasting
serum  glucose, total cholesterol, and triglycerides
were analyzed at the Central Laboratory, Ulleval Hos-
pital, Oslo (20). Serum high density lipoprotein (HDL)
cholestercl was determined at the Institute of Medical
Biology, University of Tromse, after precipitation of
low density lipoprotein and very low density lipopro-
tein with the heparin-manganese method (19).

Foliow-up and case identification

Among the 12,785 persons who participated, 33
men and 21 women were exciuded from follow-up
because of a physician-verified diagnosis of diabetes
before screening or within 3 months thereafier, or
becauvse of a screening serum glucose concentration of
=11.1 mmolditer. Persons with missing values for
body height or HDL cholesterol were also excluded,
leaving 6,098 men and 5,556 women available for
analysis. They were followed from screening through
December 31, 1989, for an average of 12 vears.

Incident cases of diabeies were detected through
hospital discharge diagnosis lists and a systematic
survey of hospital records in the only two hospitals in
Finnmark. To detect cases among unhospitalized per-
sons and among those who had moved from the county
during follow-up, & postal survey was undertaken
among all 10,714 participants who were alive by June
1991; 81.8 percent responded. Replies that indicated
diabetes were validated by medical records in hospi-
tals and primary health care with the respondent’s
written consent. We then accepted a doctor-confirmed
diagnosis without an evaluation of whether World
Health Organization diagnostic criteria {21) had been
met. Eight cases were not confirmed because of non-
respense from the doctor in charge, and nine subjects
who reported dizbetes did not give a written permis-
sion for validation. They were not included as cases. If
no exact date of diagnosis was given, the date midway
in the time interval stated was vsed. Deceased persons,
with date and underlying and contributing causes of
death, were identified by linkage to the Norwegian
Registry of Deaths.

Study approval

The study was approved by the Regional Ethical
Committee for Medical Research and by the Norwe-
gian Data Inspectorate. The Norwegian State Health
Directorate permitted access to medical record files.

Statistical methods

Incidence rates were based on person-years from the
date of screening until the diagnesis of diabetes, with
the date of death, emigration, or December 31, 1989,
as censoring date, whichever came first, Two persons
were censored when secondary dizbetes mellitus was
diagnosed. Age adjustment of the incidence rates was
done by the direct method on 5-year age groups and
with the total cohort as standard population. Baseline
variables were age adjusted and compared by analysis
of covariance. Age-adjusted and multiple-adjusted rel-
ative risks were obtained by Cox proportional hazards
anatysis. Preliminary analyses revealed significant in-
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teractions between sex and serum HDL cholesterol
and between sex and body mass index. Accordingly,
all analyses were sex stratified. Systolic blood pres-
sure was not included in the multivariable model be-
cause of a high correlation with diastolic blood pres-
sure (Pearson’s r > (.6 m both sexes), and serum
triglycerides were omitted because of a high correla-
tion with HDL cholesterol (r = —0.4 in both sexes).
Relative risks for continuous variables are shown for
units of increase arbitrarily chosen to approximate
standard deviations for both sexes. Adjustment for
ethnicity was dene in analyses that include height,
since the two variables are strongly corselated in this
study population. Adjustment for time since the last
meal and for menopausal status at baseline {in women)
did not change relative risk estimates materially and
was omifted from the final analyses.

Because of different distributions for several base-
line variables, the relative risk by sex-specific rather
than combined quartiles was used. The quartile {Q1-
Q4) cutpoints were the following: body mass index
{ke/m®): men: <23.2, 23.2-25.0, 25.1-27.0, =27.1;
women: <22.0, 22.0-24.1, 24.2-27.1, =27.2; height
(em): men: <168, 168172, 173-177, =178; women:
<136, 156-160, 161-164, =165; HDL cholesterol
(mmol/liter): men: <1.05, 1.05-1.22, 1.23-1.45,
= 1.46; women: <1.26, 1.26-1.48, 1.45-1.73, =1.74;
glucose (mmol/liter): men: <5.38, 5.38-5.76, 5.77-
6.37, =6.38; women: <5.27, 5.27-5.76, 3,77-6.21,

TABLE 1.
Study, 1977-1982

=6.22; systolic blood pressure (mmHg): men: <123,
123-132, 133-142, =143; women: <119, 119-126,
127-138, =139; and diastolic blood pressuze
(mmHg): men: <79, 7986, 87-92, =93; women:
<75, 75-80, 81-88, =89

The pumber of subjects included in the individnal
anafyses varies slightly because of missing values.
Significance tests were two tailed, and the significance
level was chosen at 5 percent. SAS versicn 6.00 soft-
ware (SAS Institute, Inc., Cary, North Carolina) was
used,

RESULTS

In totzl, 87 incident cases of diabetes among men
and 73 cases among women were registered. The
mean age at entry was higher in future disbetic sub-
jects, and baseline variables adjusted for age are
shown for prediabetic and nondiabetic subjects in table
1. Future diabetic subjects were more obese and less
physically active, and they had higher blood pressure,
seram ghacose, and triglycerides than did the others.
Predizbetic women were shorter than other women,
but no relation between height and diabetes was seen
among men. A significantly larger proportion of pre-
diabetic women than of prediabetic men were treated
for hypertension (age-adjusted p = 0.0277). In gen-
eral, baseline vaiues were relatively more adverse for
female than for male future diabetic subjects, and the

£ge-adjusted baseline variables in men and women initially free of diabetes by future dizbetic status, the Finnmark

Blood pressure (fnmHg)

Ags not agusted Body mass index Body height
for age (years) Systolic Diastofic Kg/m?) {em)
Mean sDt Mean sD Mean SB Mean sD Mean SB
Men
Developed diabeles (1= &7} 45.9 42 148.3 74 a3.4 114 226 46 1735.2 66
Remained nondiabetic
tn=5,011} 434 53 134.2 1200 85.0 111 253 33000 w2y 7.0§
Women
Devaloped diabstes (1= 75) #6.8 4.5 141.7 227 89.7 122 31.5 a1 872 8.5
Remalned nondiabstic
{n= 5,481) 433 5.3 128.2 17,5000 1.8 10,8422 25.0 4.30ee 159.8 B.5use
Nomtasting serum (mmolilter) Hypar
“Torl HBL - Cament  Prysiealy Do
Glucose cholesterol chalestorolt Trigtycerides S"‘(f,’;"’s a‘?ﬂ‘z;‘* treatment
Mean sh Mean sD Mean sD Maan sD {%)
Man
Daveloped diabeles (n = 87} 645 107 5.80 142 1.37 0.33 236 1.34 45.7 66.8 14.3
Ramalned nondiabelic
(= 6,011) 5.92 080t 6.70 125§ 128 0.35¢8= 1.81 0.9gwes 57.0% 774" 3.40er
Woman
Developed digbetes {r = 75) 6.64 1534 676 142 122 027 224 118 387 &§7.2 283
Remalned nordiabetic
(rr=5,487) 581 Q.75 6.51 1.308 1.52 Q387 1.34 [t 44.38 TI28 5.3

5 <0.05 = p<Q.01; **° p<0.007.

T 8B, standard deviation; HDL cholestarol, high denstty iboprotein cholastero!,
3 Those who reported moderate lelsure physical acivity or regular of hard tradning.

§ Not significant.
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sex differences in baseline variables seen in the non-
diabetic population {table 1) were largely eliminated.
Serum HDL cholesterol was relatively more reduced
in the prediabetic women; the mean HDL cholesterol
was not significantly different from that of prediabetic
men. The mean HDL cholesterol was lower in predi-
abetic subjects who were treated for hypertension than
in those who were not (age-adjusted means in men,
1.03 mmolditer vs. 1.20 mmol/liter; in women 1.12
mmol/iter vs. 1.27 mmolfiter) (not shown in table).

Pearson’s correlation coefficients between baseline
serum lipids were generally similar in men and women
but were different for body mass index and height (r =
—0.05 in men, r = ~0.21 iz women, p < 0.0001), in
contrast to the cormrelation coefficients for body mass
index and triglycerides (r = 0.3), HDL cholesterol
(r = ~0.2), total cholesterol (r = 0.2), and diastolic
blood pressure (r = (.3), where no sex differences
were seen. In men, there was no cormelation between
body mass index and glucose (r = 0.0), whereas a
weak, positive correlation (r = 0.1, p < 0.001) was
seen in women. An inverse correlation between height
and HDL cholesterol was seeninmen (r = —0.1, p <
0.001) but not in women (r = 0.0) (not shown in
tables).

Figure 1 presents the relative risk of diabetes by
sex-specific quartiles of various baseline variables. A
strong dose-response relation between diabetes and
body mass index was present in both sexes. Sex-
related differences in the relations between diabetes
and height, HDL cholesterol, and glucose are apparent
in figure 1. Adjustment for body mass index attenu-
ated in particular the relation of disbetes with blood
pressure {in both sexes} and HDL cholestercl (in men).

The 12-year incidence rate of diabetes was 1.1 per
1,000 person-years in women and 1.2 per 1,000
person-years in men (table 2). However, the distribu-
tion of cases according to serum HDL cholesterol
differed by sex. In table 2, common cutoff points were
chosen to allow comparison between the sexes. HDL
cholesterol concentrations less than 1.5 mmol/liter
were associated with a higher incidence of diabetes in
women than in men, while the situation was reversed
at HDL cholesterol concenrations greater than 1.5
mmol/liter. Comespondingly, age-adjusted relative
risk estimates were 0.07 (95 percent confidence inter-
val (L.03-0.16) in women and 0.43 (95 percent confi-
dence interval 0.22-0.82) in men in the highest com-
pared with the lowest HDL cholesterol group, and the
sex differences were even more pronounced when
adjusted for other dsk factors, of which body mass
index was the major confounder.

The relation between body mass index and diabetes
was explored in more detail in table 3, subdividing

subjects with a body mass index =27.1 kg/m” into
stratz with common cutoff points for men and women.
The age-adjusted relative risk rose greatly with in-
creasing body mass index. However, in women the
relation was heavily confounded. At a body mass
index =35.0 kg/m?, the rclative risk in women was
reduced from 36.6 to 11.1 (95 percent corfidence
interval 4.6-26.5) after multiple adjustment, while the
relative risk among men was less influenced.

Table 4 presents age-adjusted and multiple-adjusted
nisk factors for diabetes. Adjusted only for age, sys-
tolic and diastolic blood pressures were highty signif-
icant risk factors, and the relative risks were similar in
the sexes, whereas serumn triglycerides and HIDL cho-
lesterol were stronger risk factors for women. Total
cholesterol did not predict diabetes in either sex and
was not included in the final model. Adjusted for age,
HDL cholesterol was a significant predictor in both
sexes. In the fully adjusted model, the risk of diabetes
was 47 percent Iower in women but only nonsignifi-
cantly 3 percent lower in mex for every 0.3-mmol/liter
increment in HDL cholesterol. Physical activity was
inversely associated with diabetes in the age-adjusted
model, but the association was weaker after adjust-
ment for other risk factors. In a multivariable analysis
that included only those with a body mass index
227.1 kgim?®, leisure physical activity had a protective
effect of borderline significance among men {relative
risk per level increase, 0.69; 93 percent confidence
interval 0.46-1.04). Otherwise, the risk factor patterns
remnained virtually unchanged {data not shown).

One third of the prediabetic women but only 13
percent of the prediabetic men were treated for hyper-
tension at baseline. Therefore, a muitivariabie analysis
similar to the one in table 4 was performed, but with-
out those on antihypertensive treatment. The analysis
included 74 cases among men and 51 cases among
women. Only smali changes i relative risk estimaies
occurred. In particular, the relative risk associated with
HDL choelestero! was 0.63 (95 percent confidence in-
terval 0.46-0.85} in women and 0.99 (95 percent
confidence interval 0.80-1.24) in men (data not shown
in table).

At baseline, 1,169 women (21 percent) reported
having undergone menopause. Semum total cholesterol
and triglycerides, body mass index, and smoking fre-
quency differed significantly by menopausal status,
while diastolic blood pressure, serum HDL choles-
terol, and glucose did not {not showr). Menopausal
status (yes/no) did not predict diabetes when included
in an analysis as in table 4 (relative risk, 0.67; 95
percent confidence interval 0.37-1.22), did not con-
found the associations between other risk factors and
diabetes, and was not included in the final model.

Ami J Epidemiol  Vol. 147, No. 1, 1998
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FIGURE 1. Relative risk of diabeles mellitus in men and women by sex-specific quarliles of baseline {actors, the Finnmark Study,
19771889, Quartile [Q1-Q4) cutpeints: bady mass index (weight (kgi/height (m)7): men: <23.2, 23.2-25.0, 25.1-27.0, =27.1; women: <22.0,
22.0-24.1, 24.2-27.1, =27.2; height {cm): men: <168, 168~172, 173-177, =178 women: <156, 156-160, 161164, =185, glucose
(mmoliter): men; <5.38, 5.38-5.76, 5.77-6.37, =6.38; women: <5.27, 5.27-5.78, 5.77-6.21, =6.22; high densily lipoprotein chofestero!
{(HDL cholestercl} (mmol/iter): men: <1.05, 1.05-1.22, 1.23-1.45, =1.46; women: <1.25, 1.26-1.48, 1.40-1.73, =1.74; systolic bicod
pressure {BP) (mmHg) men: <123, 123-132, 133142, =143; women: <118, 119-126, 127-138, =139, diastolic bicod pressure (mmHg):
men: <79, 78-86, 87-92, =83; waomen: <75, 75-80, 81-88, =88. A, age-adjusied relative risk, men; 4, age- and body mass index-adjusted
relative risk, men; O, age-adjusted relative risk, women; @, age- and body mass index-adjusted relative risk, women.

DISCUSSION Htus. First, body mass index was the dominant risk
This population-bzased study demonsirates several — factor in men, and a dose-response relation was seen in
sex-related differences in risk factors for diabetes mel-  both sexes. However, in women, the strong relation

Am J Epidemiol  Vol. 147, No. 1, 1988
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TABLE 2, Age-adjusted incidence rates of diabetes par 1,000 person-years and age-adjusted and multiple-adjusted relative risk
by high density lipoprotein cholesterol (HDL cholesterol} and sex, the Finnmark Study, 1977-1989

Man Wermen
HOL Felaliva Relalve
chalesterol Porson-  Cases Rata/ i Person-  Cases Rate/ risk
{mmo¥iter) years o) 1,000t AGe MuKpe yoars no.) 1,000 Age Multiple
adjugted  adjustedt adfusted adjusted

<1.0 13,461 26 1.08 1.00 1.00 3,289 14 4.47 1.00 1.00
1.0+1.49 42,234 47 1.14 0.58 1.06% 30,368 51 1.7 0.39 0.60%
215 15,812 14 085 0.43 1.063 33,036 10 .30 0.07 0,17+
Total 71,537 87 1.22 86,694 75 112
b, test for rend 0.8514 <0.0001

* p <005 % p<0.001.

T Adiustad for age, body mass index, giucoss, diastolic blood prassurs, height, smoking, anthypeniensive treatment, physical actvity,

and ethnicity.
1 Not significant.

TABLE 3. Relative risk of diabetes according to body mass index {BM)), by sex, the Finnmark Study,

1977-1989
Men (87 cases) Wormen (75 cases)
BMI Rekative risk Aelative risk
tho/m) c;ﬁ Age Mukiple ©0) Aga Mutti
adjissted adjusteds adjustad ultipia adfusied

=27.0 27 1.00 1.00C {ref.) 0 1.00 1.00 {ref.)
27.1-28.9 16 319 2,53 {1.34—4.79)1 i2 7.85 5.80 {2.36-13.28)
£28.0-31.9 20 672 5.47 (2.97-10.07) 24 18.94 9.23 {4.25-20.02)
32.0-34.9 13 20.04 13.05 (6.23-27.32) 10 14.18 6.49 {2.53-16.65)
z35.0 11 42.00 27.89 (12.27-63.42) 19 36.80 11.07 {4.83-26.46)
p, tast for trend <0.0001 <0.0001

* Relative risk adjusted for age, diastolic blood pressure, high density lipoprotein cholesterol, glucose,
smoking, height, antihypertensive treatment, physical activity, and ethnicity.

1 Numbers in parentheses, 95% confidencs interval.

between body mass index and diabetes was con-
founded by other factors. Second, there were sex-
related differences in the associations between serum
HDL cholesterol and diabetes and between height and
dizbetes. Physical activity was inversely related with
diabetes, especizally among obese subjects. This obser-
vation accords with previous studies (22) and carries
an important public health message. Physical activity
increases insulin sensitivity in working muscles (23}
and may exert & direct protective effect among those
who are otherwise at a high risk for diabetes.

In general, a strong positive association between
obesity and NIDDM has been noted in prospective
studies among men (13, 15, 16, 24-28) and women
{13, 1416, 29) but, with few exceptions (15), possible
differences by sex have not been taken intc account.
Therefore, the observed sex-related difference in the
relation between body mass index and diabetes is of
particular interest. Multivariable adjustment greatly
attenuated the association between body mass index
and diabetes in women, while the relation was less
influenced in men. The Nurses” Health Study reported

& strong, continuous relation between body mass index
and dizbetes in women (29) but did not adjust for
serum lipids or blood pressure.

In men, adipose tissue tends to accumulate in the
abdominal region. In women, both “feminine” and
“masculing” obesity may occur, with adipose tissue
preponderance for the gluteofemoral or the abdominal
region, respectively (30). Abdominal obesity is asso-
ciated with metabolic aberrances in both sexes (30—
32) and with hyperandrogenicity in women (33). It is
an independent risk factor for NIDDM in both men
and women (14, 15, 25}. The clustering of high serum
triglycerides, low HDL cholesterol, hypertension, hy-
perinsulinemia, and insulin resistance, which was la-
beled the metabotic syndrome or Syndrome X (343, is
often accomnpanied by abdominal obesity (35). A study
by Krotkiewski et al. (30) showed that women seemed
10 tolerate moderate obesity better than men do. Only
the most obese women in their study had metabolic
aberrances similar to those of men. The future diabetic
wormmen in our study “were like men” in a metabolic
sense with regard to baseline levels of HDL choles-

Am J Epidemio!  Vol. 147, No, 1, 1928
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TABLE 4. Risk factors for diabetes mellitus in men and women, the Finhmark Study, 1977-1989

Varkbles Men (87 cases) Women {75 cases}

Refathve risk® Falativa riskt Refative Hsk® Halalive dskt
Age (5 years) 1.61 (1.30-1.99)f 1.52 (1.21-1.90) 2.02 (1.58-2.58) 1.44 (1.10-1.89)
BMIg {3 kg/mz) 2.22 {1.98—2.50) 2,09 (1.79-2.43} 1.72 (1.57-1.88) 1.35 {1.21-1.51)
Body height (5 om} 1.07 {0.90-1.26) 1.15 [0.97~1.35} 0.65 (0.53-0.79) 0,71 {0.58-0.87}

Systolic BP§ (15 mmHg)
Diastolic BP (10 mmHg)

Total cholesterol (1 mmolliter)
HDL chelesterol§ (0.3 mmolditer)
Triglycerides {1 mmol/itet}
Glucosa (1 mmoliter)

Daily smoking {yes/no}
Hypertension freatment (yes/mo) 423 (2.33~7.68)
Physical activity (one level) 0.67 {0.45-0.82)

1.33 {1.13~1.55)
1.73 {1.47~2.05)
1.08 {0.91-1,28)
0.71 (0.57-C.58)
1.48 (1.28-1.72)
1.68 {1.39-2.01}
0.66 (0.43-1.01)

1.17 {0.96-1.43)
0.97 {0.78-1.19)

1,67 (1.382,02)
0.85 {0.55-1.30)
1.98 {1.03-3.80)
0.84 (0.61-1.16)

1.50 (1.30-1.72)
1.79 {1.48-2.18)
1.14 (0.97-1.34)
0.41 {0.32-0.52)
2.14 {1.83-2.50)
2.46 {2.04-2.96)
0.72 {0.45-1.16)
6,52 {3.32-8.18)
0.66 {0,44-0.,99)

1.18 {0.85~1.50}
0.53 {0.471-0,70)

2.24 (1.91-2.87)
0.79 {0.47-1.31)
2,68 (1.534.67)
0.91 {0.61-1.36)

* Peiative risk adjusted for age (height also adjusted for ethnicity).
+ Relative risk adiusted for the othsr risk factors and for ethnicity.
4 Numbers in parentheses, 5% confidence interval.

§ BMI, body mass index; BF, blood prassure; HDL cholestercl, high density fipoprotain cholssterol.

terol, triglycerides, and blood pressure, but their mean
body mass index was higher. Our data cannot disclose,
but may support, a possible connection between ab-
dominal obesity, androgenicity, and diabetes.

Serumn HDL cholesterol was a stong independent
risk factor of diabetes in women, An increment of 0.3
mmol/diter in HDL cholesterol was associated with a
47 percent lower risk among women but did not pre-
dict diabetes in men after multiple adjustment. Among
men ic the British Regional Heart Swtudy {(27), the
highest versus lowest guintile of HDL cholesterol car-
ried a relative sk of 0.7 (95 percent confidence in-
terval 0.5-1.2, p for linear trend = $.03) after multipie
adjustment, Only two prospective stadies (7, 36) offer
datz on HDL cholesterol levels in prediabetic women.
Future diabetics in the San Antonio Heart Study (7)
had Jower HDL cholesterol concentrations than did
nondiabetics, and the differences of 0.3 mmol/liter in
women and 0.09 mmol/liter in men were almost iden-
tical to our findings. However, that study included
only 17 male and 26 female predizbetic subjects.
Among eldesly persons in the Framingham Study,
HDL cholesierol was 0.2 mmol/iter lower in predia-
betic men and women {36). To our knowledge, no
prospective analysis of HDL cholesterol and diabeles
with relevant multivariable adjustment has been pub-
lished for women until the present one. Sex differ-
ences in the relations of body mass index and serum
lipids with diabetes warrant further investigations.

Antihypertensive treatment was associated with a
twofold (men) to threefold {women) increased risk of
diabetes in this study. Antihypertensive agenis may
precipitate diabetes (26. 37), but the coincidence be-
tween hypertension and diabetes could be due to in-
sulin resistance (38). In this study, serum HDL cho-
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lesterol was lower in prediabetic subjects who were
treated for hypertension at screening compared with
those who were not. Whether this was 2 treatment side
effect or whether it simply reflects the common asso-
ciation between hypertension and serum lipids (34) is
not known.

Serum glucose was 2 highly significant predictor of
diabetes, in accordance with previous findings in men
(7, 13, 16, 25, 26) and women (7, 13, 14, 16). A high
serum glucose concentration may indicate glucose in-
tolerance and may be regarded as an intermediate step
along the causal pathway to diabetes. The relative risk
associated with glucose was significantly higher in
women than in men. No glucose tolerance test or other
indices of insuln resistance were performed at base-
line. We treated a casual serum glucose =11.1 mmol/
liter as prevalent diabetes (21) and excluded those
subjects from follow-up. Of the 162 subjects who later
developed diabetes, 14.2 percent (14 women, 9 men)
had a random serum glucose concentration from 7.8
mmo¥liter to 11.0 mmolfiter, while the percentage
was 2.6 among the remaining subjects, suggesting that
baseline manifest glucose intolerance was not a major
feature of this study population.

Of the classic cardiovascular risk factors, only blood
pressure emerged as a significant risk factor for dia-
betes in our study after age adjustment, and relative
risks were slightly higher (nonsignificant} in women.
Diastolic blood pressure was not a significant risk
factor after multiple adjustment. The study confizms
previous findings that blood pressure is increased in
prediabetic subjects, {7, 16, 25-28, 36) but is not
always a significant risk factor in muitvariable models
(13, 27, 28). Serum total cholesterol did not predict
diabetes in this and several other studies (16, 27, 28).
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We observed a2 nonsignificant, inverse relation be-
tween smoking and diabetes in both sexes, while oth-
ers reported smoking and diabetes to be positively (27,
28, 39) or not (16, 25) related,

This is the first prospective study to report an in-
verse relation between height and diabetes in women,
and the finding is at variance with the Nurses” Health
Stdy where no association was seen (29). The risk of
diabetes was 29 percent lower per 5-cmn increase in
height after adjustment for age, body mass index, and
other nisk factors. There seems to be no obvicus ex-
planation for the observed sex difference. Adult height
is determined by genetics and by environmental fac-
tors during early life (40). An inverse comelation be-
tween adult height and glucose tolerance was noted in
men and women in the Isle of Ely Diabetes Project
(41). In a study of 50-year-old men and women, those
with Syndrome X were shorter than others (42}, but
there was no such association in 2 sample of men aged
59--70 years (42}. In a diabetes prevalence study from
Bangladesh, adult women with hyperglycemia were
significantly shorter than other women, but no similar
association was observed among men (43). The au-
thors ascribe this finding to more prevalent malnutri-
tion among girls than among boys in early childhocd.
As recently reviewed by Stern (8), increasing evidence
connects low birth weight and possibly inadequate
nutrition in early life to the metabolic syndrome and to
NIDDM in adults. Glucose intolerance (44), insulin
resistance (43), and Syndrome X and NIDDM (42)
have been linked to reduced fetal and infant growth.
Theoretically, the association between height and di-
abeies in women in the present study may express an
adverse influence from early life factors. On the other
hand, the lack of such an association among men
should caution against premature conclusions.

The population-based approach, the large study size,
and factual, not self reported, biologic baseline mea-
surements are strengths of the present study, but some
limitations should be considered. No baseline data
were collected to identify glucose-intolerant subjects.
The diagnosis of diabetes during follow-up was clin-
ical. Preferably, screening for disbetes using fasting
glucose and a glucose tolerance test (21) shouid be
undertaken in the whole cohort by the end of follow-
up, since dizbetes may go clinically unrecognized
{21), but this was not feasible. A recent Norwegian
population-based prevalence study that did make use
of fasting glucose and glucose tolerance tests {46)
showed that the prevalence of undetected diabetes was
far less than the estimated 50 percent commoniy re-
ferred to from the United States (47). Among subjects
=40 years old, 83 percent of the cases had been
detected prior to the screening. Misclassification of

cases would tend to dilute the observed associations
between risk factors and disease. Based on the inci-
dence rates of diabetes among those who responded to
the postal survey in 1991, we estimated that 11 cases
of diabetes were missed among the questionnaire
aonresponders. Available data on insulin treatment
could not be used to distinguish between insulin-
dependent and non-insulin-dependent diabetes, since
the latter may be teated with insulin. However,
insulin-dependent diabetes mellitus is relatively rare in
Finamark (48), and all study subjects were at least 35
years old at study entry.

Alcohol consumption raises HDL cholesterol (49),
and heavy alcohol intake may induce secondary dia-
betes, but no baseline data were coliected on this
potential confounder. However, alcohol use is rather
modest in Norway, with alcohol-related disease ac-
counting for less than 1 percent of all deaths {50}. By
1987, 40 percent of the women and 13 percent of the
men in Finnmark were alcohol abstainers (51). Among
users, alcohol intake was more frequent in men. In the
present study, among the 531 men and 195 women
who died during follow-up, 44 men and three women
had some alcohol-related condition: mentioned on the
death certificate. None of them had diabetes. Only two
subjects in this cohort had a diagnosed secondary
(pancreatic) diabetes and were not included as cases.
A sex difference in drinking habits may therefore
have influenced our findings through an effect on
HDL cholesterol, but this is unlikely to be a major
confounder.

Existing knowledge of the role of menopause with
regard to diabetes incidence is very limited. At baseline,
2] percent of the women in this study had undergone
menopause. We observed higher serum total cholesterol
and triglyceride concentrations in post- than in premeno-
pausal women, while HDL cholestercol, glucose, and di-
astolic blood pressure did not vary by mencpausai status.
This finding accords with previous studies (52, 33).
Menopausal stats at baseline did not predict diabetes
and did not act as a confounder in muitivariable models.
In the San Antonio Heart Study, there was no si cnificant
interaction between menopausal status and conversion to
NIDDM (54).

No informatior on hormonal replacement treatment
was collected in the baseline sarvey. However, by
1987, only 2 percent of Finnmark women aged 45—62
years used exogenous estrogen (51). Further, few data
exist to assess whether estrogen could be a true con-
founder of the relative risks reported. Postmenopausal
estrogen use may affect the levels of HDL cholesterol
(55) and of triglycerides and glucose (56) but did not
increase the misk of clinical diabetes in the Nurses’
Health Study (57).
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Diabetes is an important risk factor for coronary
heart disease (10, 11), but risk factors for the two
diseases overlap only partially in the present study
population. Total cholesterol and smoking were not
related to the risk of diabetes, and blood pressure
was nof 2 significant predictor in the multivariable
model. On the other hand, the classic cardiovascular
risk factors, but not body mass index, were signif-
icant predictors of myocardial infarction in both
sexes (58). Walden et al. {12) found HDL choles-
terol to be more reduced in women with type 2
digbetes than in men, and they concluded that dia-
betes has a more adverse effect on Hpoproteins in
women. However, lipid abnormalities preceded and
were indeed a strong predictor (in women) for dia-
betes in our study, not a consequence of the diabetic
state. Since HDL cholesterol is an equally imporant
coronary risk factor in men and women (38), the sex-
specific relations between serum lipids and diabetes may
be one reason for diluted sex differences in coronary
disease among diabetic subjects, and they may be in-
volved in the apparently accelerated atherosclerotic pro-
cess in diabetic women (12).

In conclusion, several sex-related dissirnilarities
were noted in the relations between body mass index,
height, serum lipids, and glucose and subsequent dia-
betes mellitus in this middle-aged population. After
muliivariable adjustment, body mass index was a
stronger predictor in men, possibly because an in-
creased body mass index is more directly refated to
abdominal cbesity and the amount of visceral fat in
men. Serum HDL cholesterol and glucose were stron-
ger risk factors among women. The risk factor patterns
were suggestive of insulin resistance and may shed
some light on attenuated sex differences in coronary
disease among diabetic subjects. Further studies are
needed 1o elucidate the temporal sequence of events
that lead to diabetes and concomitant corenary disease
and to explore the sex-related differences that seem (o
be invalved.
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ABSTRACT

The mortality from coronary and cerebrovascuiar diseases is higher in the northernmost
Finnmark County than in other Norwegian counties. In a population based cohort study,
we compared the incidence of myocardial infarction, stroke, and diabetes mellitus in
different ethnic groups in Finnmark. A total of 10,622 subjects of Norse, Sami and
Finnish origin were followed for 14 years. During approximately 130,000 person-years
we identified 509 and 84 cases of myocardial infarction among men and women,
respectively, 107 and 75 cases of stroke, and 96 and 73 cases of clinical diabetes
mellitus. A total of 533 men and 199 women died. Norse subjects born out of Finnmark
had the most favorable risk factor levels and, in general, the lowest incidence of disease.
Men of Finnish origin had a higher incidence rate of all end points than other men, and
Finnish women had a higher incidence rate of myocardial infarction than other women.
Sami women were more obese, but did not have a higher diabetes incidence than other
women. After adjustment for major cardiovascular risk factors and height, most ethnic

differences were attenuated.
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cohort studies



Finnmark County in northern Norway
has had a higher mortality of ischemic
heart disease and stroke than other
Norwegian  counties  for  several
decades.! The population of this county
is an ethnic mix of Norse, Sami
(Lappish) and Finnish descendants. In a
cross-sectional study in Finmmark in
1974, the prevalence of coronary heart
disease (CHD) was only one-quarter of
the expected among Sami men.” Fewer
Samis reported myocardial infarction
among first degree telatives as
compared with those of Norse origin,z"4
whiie people of Finnish descent seemed
particularly prene to coropary heart
disease.” A lower coronary mortality in
Sami than in Norse subjects was
observed in a recent study, and it was
suggested that the Samis may be
genetically protected against CHD.S In
addition, a correlation, based on county
ecological data, was reported between
previous infant mortality and present
cardiovascular mortality among adult
roen in Norway,’ raising the hypothesis
that adverse living conditions in
childhood increase the risk of
cardiovascular disease in aduithood.”

Diabetes mellitus is  strongly
associated with cardiovascular disease
irrespective of ethnicity.” ™ However, a
high diabetes prevalence is not always
accompanied by a high incidence of
CHD,™"? warranting  concomitant
studies of both diseases. To our
knowledge, 100  previous  study
investigated non-insulin-dependent
diabetes mellitus (NIDDM) in the
different ethnic groups of northern
Scandinavia.

In this study we examine the
incidence of myocardial infarction,
stroke, and diabeies mellitus among
10,622 middle aged men and women of
Norse, Finnish and Sami origin. We

investigate whether ethnic differences in
cardiovascular disease and diabetes
exist, and, where present, whether such
differences can be explained by ethnic
variations in cardiovascular risk factors
and height.

SUBJECTS AND METHODS

Study population

A population-based  cardiovascular
survey was undertaken in Finnmark in
1974/75 by the National Health
Screening Service, in collaboration with
county health authorities and the
University of Tromse. All residents 35
10 49 years old and a sample of those 20
to 34 years old were invited. Three
years later, the survey was replicated. A
total of 13,412 subjects ($0.5% of those
invited) who were 35 years or more
attended one or both surveys.

Details on screening procedures
and methods have been pubiishe:ci.”'16
Briefly, all subjects were invited to
participate by personal letter which
included 2  questionnaire  about
symptors and history of cardiovascular
disease and diabetes mellitus, ethnjcity,
smoking habits, and usual leisure and
occupational physical aciivity level, At
the examination, the questionnaire was
checked for inconsistencies,
municipality of birth and time since the
last meal was recorded, and height and
weight were measured. Blood pressure
was measured twice with the person
sitting and after four minutes’ rest. Non-
fasting  serum  total  cholesterol,
triglycerides, and  glucose  were
determined at Ulleval Hospital, Oslo.™

The questions on ethnicity read:
Are two or more of your grandparents
of Sami origin? Are two or more of
your grandparenis of Finnish origin?
(vesmo/do not know). The subjects



were divided into Finnish (17%), Sami
(13%), Finnish/Sami (4%} and
“unknown” (15%) ethnicity. The rest
{51%) were classified as Norse, since
admixture of persons of foreign origin
was known to be negligibie. Twentytwo
percent of the participants reported to
be bom out of Finnmark. The
percentage varied from 37% among the
Norse to 8% in the other ethnic groups.
Information on municipality of birth
was missing for 136 subjects.

Follow-up and case identification

A total of 126 subjects had a verified
history of myocardial infarction, stroke,
or diabetes mellitus diagnesed before
screening and were excluded from
follow-up. Subjects who reported
“unknown” ethnicity or had a missing
value for height were excluded.
Included in the prospective analysis
were 8,349 subjects born in Finnmark
and 2,273 Norse subjects born in other
Norwegian counties. They  were
followed from the first screening
attended through December 31, 1989;
on average 14 vyears. The 1I-digit
personal identification number allowed
a linkage to the Causes of Death Regi-
stry, and underlying and contributory
causes of death are known for all
deceased participants. Cases of myo-
cardial infarction, stroke and diabetes
mellitus  were registered through
discharge diagnosis registers and
through a survey of the medical record
files in the two Finnmark hospitals.

In all, 14% of the present cohort
moved from Finnmark during foliow-
up. The percentage varied by ethnic
group; from 37% among Norse born out
of Finnmark to 5% among Sami
subjects. To detect ambulant and out-of-
county events, we mailed a
questionnaire fo all 9,693 participants

who were alive by June 1991, using
updated addresses provided by Statistics
Norway. A total of 82% responded to
the postal survey; the response rate did
not vary by ethnicity. When a reply
indicated cardiovascular disease or
diabetes, we obtained additicnal
information from the relevant hospital
or physician with the respondent’s
written consent. We classified each
event according to pre-set diagnostic
criteria. ' We included as outcomes
definite and probable first events of
myocardia! infarction and stroke, and
verified clinical cases of diabetes
mellitus.  Details on  classification
criteria are available.' ™"

Variable definitions

Subjects reported their usual leisure
physical activity as either: reading,
watching TV or other sedentary
activities (L1), light physical activity for
at least four hours per week (L2),
exercise to keep fit, heavy gardening etc
for at least four hours per week (L3), or
regular  hard training (L4). They
reported their physical activity at wozk
as either: mostly sedentary work (W1),
much walking (W2), work with much
lifting and walking {W3), or heavy
manual work (W4). We classified those
who reported L3 or L4 and/or W3 or
W4 as "physically active",

Data analysis

We allocated the subjects into four
mutuaily exclusive groups, based on
ethnicity and municipality of birth:
Norse [ (Norse born in Norwegian
counties except Finnmark), Norse II
(Norse born in Fianmark), Finnish, and
Sami. All analyses were sex specific.
Baseline variables were age adjusted.
We calculated observation years from
date of first examination unzil first event



of a non-fatal or fatal myocardial
infarction (including sudden death), a
first stroke, or until diabetes mellitus
was diagnosed, with date of death from
other reasons, emigration, or December
31, 1989 as censoring date. Observation
years were calculated for each endpoint
independently from the others. We age
adjusted the incidence rates by the direct
method, using 5-year groups, with the
total study population as standard. We
used Cox’s proportional hazard
analysis to estimate multiple adjusted
relative risks. Norse subjects born in
Finnmark (Norse II) were chosen as the
reference group.

The 222 women and 268 men (4%)
who reported a mixed Sami/Finnish
origin had baseline characteristics
between Sami and Finnish values. Their
inclusion in the Sami subgroup did not
materially alter the resulis and
conclusions for this group.

RESULTS

Age adjusted baseline characteristics are
shown for men (Table 1) and women
(Table 2), by ethnic group. The age
distributions were similar, bui inier-
ethnic differences in a number of risk
factors were noted. Norse men born out
of Finnmark were tailer, smoked less
and had lower total cholesterol than
other men (Table 1). A larger percen-
tage among Norse men bom out of
Finnmark reported low physical activity
at work. Norse women bomm out of
Finnmark were taller and had a more
favorable risk factor profile than other
women {Table 2). Together with Sami
women, they smoked less than the
others.

During  approximately 150,000
person-years, there were 509 and 84
first events of myocardial infarction

among men and women; 107 and 75
first events of stroke; and 96 and 73
new cases of clinical diabetes meilitus.
A total of 533 men and 199 women died
during followup. The age adjusted total
mortality rates per 1,000 person-years in
men were: 3.3 (Norse 1), 6.6 (Norse 1),
8.0 {(Finnish), and 73 (Sami).
Corresponding rates for women were
2.6, 2.5, 2.4, and 3.7 deaths per 1,000
person-years. Age adjusted incidence
rates and rate ratios for men and women
are shown in Tables 3 and 4 for each
endpoint. Norse men bom owt of
Finnmark had the lowest rates while
Finnish men had the highest. While
Norse women born out of Finnmark
tended to have lower rates, the patterns
across the other groups were not
consistent. This may, in part, be due to
the small number of cases in each ethnic
group. Samli women had =z similar
diabetes incidence rate as other women,
despite a higher mean BML

We used Cox’ regression analysis
to  examine whether the ethnic
differences in  known risk factors
explained the differences in incidence
rates. Adjustment for physical activity
did not influence relative risk estimates
for any endpoint, and was therefore
omitted from further analyses. In Tables
3 and 4 , relative risk estimates are
shown for each endpoint, adjusted first
for age only, then for age plus potential
confounders, and finally, for age,
potential confounders and height. The
addition of serum total cholesterol,
blood pressure and smoking to the
model generally attenuated the inter-
ethnic differences in relative risk of
myocardial infarction. The inclusion of
height in the model did not change the
estimates materially, except to lower the
relative risk in Sami women.



For stroke, the adjustment for blood
pressure, cholesterol and smoking
attenuated the differences among men,
without much change in the differences
among women. The inclusion of height
generally resulted in modest attenua-
tion, except for Samt women where the
refative risk estimate changed from 1.1
to 0.8.

BMI was the most important
confounder of the relation between
ethnicity and diabetes, while smoking
did not affect relative risk estimates (not
shown). In models adjusting for age and
BMI, the relative risk In men were 1.0
for Norse I, 1.1 for Finnish, and 0.7 for
Sami ethnicity; for women they were
0.6, 1.0, and 0.6 respectively. Further
adjustment  for  blood  pressure,
triglycerides and glucose attenuated the
estimate for Sami women (Table 4). The
addition of height to the multivariable
model altered the estimates slightly for
Sami subjects (Table 4).

The role of height as a disease
predictor was further explored. In
models that included the whole study
population, and controiling for age and
ethnicity, height was inversely related to
stroke in men (relative risk (RR ) per 5
cin = 0.8; 95% confidence interval (CI)
= 0.7-1.0) and women (RR = 0.7; 95%
CI = 0.6-0.9) (not shown in tables). The
inverse refation between height and
stroke seemed to be present within all
ethnic groups, except Norse men bom
out of Finpmark, but there were few
cases within each group and the
confidence intervals did not preclude
unity (Table 5). Among women, there
was an inverse relation between height
and myocardial infarction (RR per 5 cm
= 0.9; 95% CI = 0.8-1.0), and height
and diabetes (RR per 5 cm = 0.8; 95%
CY = 0.7-0.9), but no such association
was seen among men {myocardial

infarction: RR per 5 cm = 1.0, 95% Cl =
0.9-1.1), (diabetes: RR per 5 ecm = 1.0;
95% CI =0.9-1.2) (not shown in tables).
The relations between height and
myocardial infarction and height and
diabetes were inconsistent across the
ethnic groups (Table 35). Again, few
cases within each subgroup limit the
value of subgroup comparisons.

DISCUSSION

We observed differences in risk factor
levels as well as in age adjusted rate
ratios of cardiovascular disease and
diabetes among the different ethnic
groups living in Finnmark County,
Norway. Adjustment for major risk
factors attenuated most, but not all of
these ethnic differences. Our study cn
myocardial infarction incidence did not
support the recent finding of a much
lower coronary mortality among Sami
than among Norse men in Finnmark
[rate ratic 0.4 (95% Cl= 0.2-0.7),
adjusted for major risk factors].®

No genetic markers were included,
and the relative contributions of
hereditary and environmental factors to
disease susceptibility are difficult to
separate, Serum total cholesterol is the
main intermediate factor on the causal
pathway to coronary heart disease and
was included in our analyses. However,
serum cholesterol may be influenced by
genes,20 fetal environment,”! dietary
fat,22 and consumption of boiled,
unfiltered coffee ™ Apolipoprotein E
phenotype E4/4, which is is associated
with high seram total cholesterol,” is
common in the Finnish population,”
but may be more frequent among Samis
than among Finns? A high
consumption of chDlesterol-increasing,23
boiled coffee is more common in

Finnmark than in southern I\Iorwa;\f,26



and may have been more common
among Samis than among Norse
subjects.” Furthermore, the diet may
contain several factors which enhance
and protect against atherosclerosis and
thrombogenicity. Traditionally, Sami
reindeer herders lived on a diet which
differed considerably from that of the
generzl  population, with  lean,
antioxidant-rich reindeer meat as the
staple food.” In a Finnish study, serum
concentrations of o-tocopherol
correlated with the consumption of
reindeer meat, and the observed lower
coropary mortality among Samis than
among Finns in that study was
attributed 1o diet rather than to
genetics.25 In contrast, coronary and
total mortality among Swedish reindeer
breeding Samis did not differ from that
of the general Swedish population.23

All ethnic groups in our study had a
low incidence of diabetes meliitus
compared with other populations of a
similar age.” In contrast to indigenous
populations who are experiencing a
westernization in lifestyle and diet with
a concordant increase i the prevalence
of diabetes,”® the Samis in our study
had a reduced risk of diabetes compared
with the Norse population. After
mutivariable adjustment, the relative
risk associated with Sami origin was (.8
in women and 0.9 in men. The similar
diabetes incidence rates in  Sami,
Finnish and Norse women borm in
Finnmark were unexpected, since these
groups differed considerably in body
mass index. Obesity is  closely
associated with the high diabetes
prevalence in some ethnic minorities.”’
and body fat distribution and abdominal
fat amount are additional important
diabetes determinanis.”™ No data are
available on body fat distribution ir the
ethnic groups of northern Norway.

A low level of physical activity
may explain some of the excess diabetes
incidence in minority groups.**
Traditionally, the nomadic part of the
Sami population was engaged in
physically demanding reindeer herding,
while fishing, farming and mining are
other traditional occupations in
Finnmark. At present, only a minority
of the Samis is engaged in reindeer
herding. Nevertheless, Sami men
reported a higher level of physical
activity at work, and Sami men were
overall more physically active than
others in this study. Physical activity
protects against diabetes, regardless of
body mass index,”**7  but did not
influence the ethnicity associated
estimates for the endpoints in our study.

Cases of diabetes were based on
clinical diagnoses, and an ethnic bias in
case detection must be considered. The
formral access to health services is
similar for all inhabitants, but a lesser
use of health care facilities among the
Samis due to language and cultural
barriers has been re:ported.3g On the
other hand, the well known association
between obesity and diabetes could
favor case finding among Sami women.
Most cases among non-hospitalized
persons were registered through the
postal survey. From rates among postal
survey respondents we estimated that
altogether 11 cases of diabetes were
missed ameng non-respondents. None
were expected among Sami or Finnish
women, and only 3 cases were expected
in the group with the highest frequency
of emigration from Finnmark (Norse 1),
and who therefore were least likely to
be detected through the record survey in
local hospitals. A distinction between
[DDM and NIDDM could not be made,
but only seven normal weighted
subjects started insulin treatment when



diabetes was diagnosed. This, and a low
IDDM  incidence In  Sami sub-
populations 7 and in Finnmark com-
pared with other Norwegian counties,®
argues against a strong influence from
late onset IDDM. The total mortality
rate was higher among Samis than
among Norse, but not large enough to
let selective mortality be a likely
explanation for the lower diabetes
incidence in the Sami group.

In addition to well known risk
factors, we examined the role of body
height. Adult height is determined by
genetics and by environmental factors in
fetal life and childhood.*"** The present
cohort was born between 1925 and
1942, Poor nutrition was common in
Finnmark throughout that period.”
Living conditions, as indicated by infant
mortality rates and average height,
lagged far behind central areas in
Norway, and were probably tougher for
the Sami and Finnish than for the
average Norse population in Finnmark.”
An inverse relation between height and
stroke has been reported from the
Finnmark Study.18 In the present study,
height was inversely related to stroke in
all ethnic subgroups except men bom
out of Finnmark. Thus, the association
between height and stroke may indicate
that environmental factors early in life
are involved in stroke disposition, as
suggested by some authors.?* By
contrast, height was related to
myocardial infarction and diabetes only
in women, and the point estimates
varied between ethnic groups. An
inverse relation between height and all
cause mortality was observed in a large
Norwegian study,'15 but the relation
between height and cardiovascular
diseases,%'w and height and glocose
intolerance™”! has been inconsistent in
epidemiologic studies.

Immigrant Norse men and women
had lower incidence of cardiovascular
diseases and diabetes than Norse
subjects born in Finnmark in the present
study. They were taller, reflecting
known geographical differences in body
height in the Norwegian popuiation,52
and had more favorable risk profiles
including lower serum total cholesterol
and a lower proportion of smokers. No
data were collected on cccupation and
social class, but sedentary work was
reported more often by Norse men bom
out of Finnmark than by other men.
This could indicate a higher social class.
Thus, it is not possible from this
analysis to discern to what extent the
more favorable risk factor levels and the
lower risk of disease among Norse
immigrants to Finnmark reflect genetic
differences, more favorable conditions
during early }ife and childhood or rather
social class and associated lifestyle
factors in adulthood.
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TABLE 3. Age Adjusted Incidence Rates of Myocardial Infarction, Stroke and Diabetes Mellitus per 1000
Person-years, Adjusted Relative Risks and 95% Confidence Intervals {CI) in Men by Ethnic Group: The
Finnmark Study

Born out of Finnmark

Bom in Finnmark

Norse Norse Finnish Sami
Myocardial infarction
No. of cases 89 199 125 96
Person-years at risk 16016 29817 15342 15876
Incidence rare® 5.8 6.7 8.0 6.1
Rate ratio* 0.9 ref 1.2 0.9
Relative risk A 1.0 1.1 0.9
Relative risk B 1.0 1.1 0.9
95% CI {.8-1.3 0.9-1.4 0.7-1.1
Stroke
No. of cases 14 36 29 28
Person-vears at risk i6258 30310 15654 16100
Incidence rate* 09 i2 18 1.8
Rate ratio* 0.8 ref 1.5 i.5
Relative risk A 0.9 1.4 1.4
Relative risk B 0.9 1.3 1.1
5% CI 0.5-1.7 0.8-2.2 0.6-1.9
Diabetes meilitus
No. of cases 17 38 25 16
Persc  years atrisk 16221 30247 15625 16141
Incidence rate™ 1.1 1.3 1.6 1.0
Rate ratic® 0.9 ref i3 0.8
Relative risk C 1.0 1.1 0.7
Relative risk D 1.0 i1 0.9
95% CI 0.6-1.7 0.7-1.9 0.5-1.6
adjusted for: *age A:age,systolic blood pressure,serum total cholesterol,daily smoking, B: as A + height,

C:age.systolic blood pressure,body mass index, serum triglycerides, serum ghicose, D:as C + height
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TABLE 4. Age Adjusted Incidence Rates of Myocardial Infarction, Stroke and Diabetes Mellitus per 1000

Person-years, Adjusted Relative Risks and 95% Confidence Intervals (CI) in Women by Ethnic Group: The
Finamark Study

Bom out of Finnmark Born in Finnmark

Norse Norse

Finnish Sami
Myocardial infarction
No, of cases 12 32 22 18
Person-years at risk 15720 27388 14040 15019
Incidence rate* 0.8 1.2 15 1.2
Rate ratio* 0.7 ref £3 1.1
Relative risk A 0.8 i.2 1.0
Relativ erisk B 6.9 I.1 0.8
95% CI 0.4-1.7 0.6-1.9 0.4-1.5
Stroke
No. of cases i3 32 11 i9
Person-years at risk 15712 27374 14080 15008
Incidence rate™® 0.8 1.2 6.8 L3
Rate ratio* 0.7 ref 0.7 1.1
Relative risk A 0.8 0.6 1.1
Relative risk B 0.9 0.6 0.8
95% C1 0.5-1.7 0.3-1.2 0.4-1.6
Diabetes meilitus
No. of cases g 30 17 18
Person-years at risk 15691 27338 14062 14968
Incidence rate*® 0.5 1.7 1.2 1.2
Rate ratio* 0.5 ref 1.1 1.1
Relative risk C 0.4 1.0 0.9
Relative risk D 0.4 1.0 0.8
95% CI 0.2-1.1 0.5-1.8 0.4-1.5

adjusted for: *age A:age,systolic blood pressure,serum total cholesterol,daily smoking, B: as A + height,
C:age,systolic blood pressure,body mass index, serum triglycerides, serum glucose, D: as C + height
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