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Salonen J T (Department of Community Health and General Practice, University of Kuopio, Kuopio, Finland),
Tuomilehto J, Nissinen A, Kaplan G A and Puska P. Contribution of risk factor changes to the decline in coronary
incidence during the North Karelia Project: A within community analysis. /nternational Journal of Epidemiology, 1989,
18: 595-601.
" We investigated the contribution of risk factor changes to the decline in incidence of ischaemic heart disease between |
three five-year periods (1972-76, 1977-81, 1982-86) in a community-based cardiovascular disease (CVD) contro!
programme, the North Karelia project. Random population samples of over 10 000 people were examined in 1972,
1977 and 1982 and followed for five years. Population attributable benefits were estimated for each time period from
reductions in excess risks associated with S-cholesterol, tobacco products per day and the mean of systolic and
diastolic blood pressure which were entered in logistic models with age and sex. Changes in risk factors accounted in
North Karelia for 89% and in the reference population for 20% of the decline in ischaemic heart disease from 1972-6 to
1977-81. In healthy people, risk factor reductions accounted in North Karelia for 100%, but in the reference population
only for 23% of the decline. The decline was non-significant in both areas from 1977-81 to 1982-86. In subjects with
either CVD or diabetes, there was no decline in North Karelia in either period, whereas 30% and 64% of the decline {(ns}
in the reference population in the two periods, respectively, was attributable to risk factor changes. These data suggest
that although the decline in the incidence of ischaemic heart'disease in North Karelia did not differ from that in the
reference population it was largely attributable to risk factor reductions in the healthy population. The decline in the
reference population appears to be associated with changes in lifestyle, secondary prevention activities and medical
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care.

During the last two decades a number of large scale
studies have -attempted to demonstrate the value of
primary prevention of cardiovascular disease (CVD)
eg the North Karelia project,’* the Multiple Risk
Factor Intervention Trial>¢ and the European Multi-
factorial Trial in the Prevention of Coronary Heart
Disease.” Although the evidence which led to these
intervention programmes is convincing, the studies
have not established preventive effects of the expected
magnitude. It may be that the hypotheses underlying
these interventions are incorrect but, before accepting

* Department of Community Health and General Practice, University

) of Kuopio, Kuopio, Finland.

** Department of Epidemiology, National Public Health Institute of
Finland, Helsinki, Finland.

T Human Population Laboratory, California, Department of Health
Services, Berkeley, California, USA.

this explanation which conflicts so strongly with other
epidemiological evidence it is important to analyse the
experience of these studies. In most cases the interven-
tion commuriity or population has achieved substantijal
reductions in CVD, but this has been accompanied by
greater than expected declines in the non-intervention
comparison population.>’

In order to understand the performance of these
prevention programmes, it is important to examine the
dynamics of change in cardiovascular risk factors in the
intervention and non-intervention populations. One
strategy is to carry out within-group analyses of the
contribution of risk factor and other changes to the
decline in cardiovascular events experienced by each
group. These analyses might indicate differential rea-
sons for the changes in the incidence of ischaemic heart

“disease (IHD) experienced in the intervention and the

reference populations. Such an analysis requires, at
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hospitalization or death due to THD (ICD
During 1977-81, 341 of the 9229 eligible p
the 1977 survey and during 1982-86, 161

“eligible people examined in 1982 had an id
defined event.

the minimum, two periods of disease surveillance and
independent risk factor measurement at the beginning
of each period. .

The purpose of the present study was to carry out
such an analysis using data collected as part of the
North Karelia Project in Eastern Finland.™* Risk
factor surveys of independent population samples
were performed in the intervention province, North
Karelia, and the reference province, Kuopio, in 1972,
1977 and 1982. Data on individuals from the national
hospital discharge and death certificate registries
allowed an examination of within-province trends in
the incidence of ischaemic heart disease. Coupled with
the three independent points in time for risk -factor
measurements it was possible to analyse the role in
cardiovascular risk and other factors in the decline in
THD incidence in the intervention and non-interven-
tion province. C

METHODS , . .
Three independently drawn population samples were
invited to participate in a survey at the beginning (in
1972), after five years (in 1977) and after 10 years (in
1982) of a community-based CVD control programine, .
the North Karelia project.> The 1972 survey con-
cerned subjects aged 25-59, the 1977 those aged 30-64
years and the 1982 survey people aged 25-64 years.
The method of sampling differed slightly in'each sur-.
vey: in 1972 a systematic sample (people born on two
given days of all months), in 1977 a 6.6% random
sample, and in 1982 a random sample of equal size in
strata of men and women aged 25-34, 3544, 45-54 and
55-64 years were used. The surveys included a self-
administered questionnaire, blood pressure, height
and weight measurement and the determination of
serum total cholesterol -described . in detail
elsewhere.'3 Subjects aged 30 to 59 years were
included in the present analysis. The proportion par-
ticipating of those invited and eligible was in North
Karelia 94% in 1972, 89% in 1977 and 80% in 1982 and
in the reference province, 91%, 91% and 82% .13
Members of the 1972 sample were excluded from the
1977 and 1982 data and also participants of the 1977
survey from the 1982 sample. Also subjects with data
missing for any of the risk factors - (smoking, cho-
lesterol, blood pressure) were excluded from the pres-
ent analysis. - . ,
For the purpose.of this study, the 1972, 1977 and
1982 survey participants were record-linked with the
national hospital discharge and death certificate regis-
tries during 1972-86 by using the Finnish personal
identification number. During 1972-76, 444 of the
10 018 people examined in 1972 experienced either a

tion score combining daily tobacco con
serum cholesterol concentration and the me
tolic and diastolic blood pressure was compu
the pooled data set from each of the 1972;:1
1982 cohorts in North Karelia and the referenc
lation (n = 23 437) and the five-year follow-u

each cohort. The analysis of covariance (ANCOV.
was used to compute the adjusted risk factor
and test the statistical significance of their v:
over the three time points (1972, 1977 and 1982
as the time—area (programme versus ref
interaction. : :

1977-81 were estimated using SPSS-X mult
logistic models, in which a binary term 0, 1)iw
entered for the effect of time (1972 cohort versu
cohort and 1977 cohort versus 1982 cohort). Ania

women) in all analyses by entering these
taneously in the models. Men and women were [
in the analysis in order to ensure satisfactory s
_power. No other adjustments were made in

‘Using SPSS—X® statistical software a logis

The declines in IHD incidence from 197

tiple logistic modelling due to the limited statistical
power. The odds ratios (OR) for time periods ‘were
computed as the natural antilogarithm of the pd
coefficient for the term indicating cohort (O,
first, 1, if the latter). The relative declines i
“incidence’ were calculated as 1-OR. In addit
derive the impact of risk factor changes on the de
of IHD incidence, an adjustment for smoking (tobac
products per day), serum cholesterol (mg/dl),
blood pressure (mmHg, mean of systolic and diag
pressure) was applied by entering these variable
contributions of the risk factor changes (popul
attributable benefits) were estimated as the rel
difference in the excess risks (1-OR) between:the
three-variable (age and gender adjustment) an

variable model (additional risk factor adjustment)
follows: '

((1 - ORU) - (1 - ORa))/(l - ORu)
or 1-((1-OR,)/(1-OR,)), where OR, donates"
age and gender adjusted odds ratio for the latter tir
period and OR, the odds ratio adjusted additional
for risk factors. :

RESULTS :
The average levels of daily tobacco product consum]



(ICD-8 410~ , serum cholesterol and mean of systolic and
(ble participa tolic blood pressure, adjusted for age, gender,
3, 161 out, mily history of CVD, diabetes and history of CVD,
1ad an ident

e presented in Table 1 for the age group of 30-59
ears in North Karelia and the reference population in
1972, 1977 and 1982. In only daily tobacco product
consumption there was a statistically significantly

re a logistic
€O consumptio;

1 the mean of sys. (p<0.05), greater decline over ten years in North
1 computed using Karelia than in the reference population (35.2% versus
1e 1972, 197

2.1%). Neither in serum cholesterol (12.1% versus
11.5%) nor in blood pressure (6.6% versus 5.9%) was
the ten-year decline in North Karelia greater than in
the reference population. The reduction in the logistic
. e function score combining tobacco product consump-
of their variat tion, serum cholesterol and the mean of systolic and
7and 1982) as we ' diastolic blood pressure was significantly (p<0.001)
rersus referef] greater in North Karelia than in the reference popula-
tion between 1972 and 1977 (12.4% versus 0.0%) but

1e reference po
follow-up data for
nce (ANCOVA)?
risk factor me

‘from 197?“76 not between 1977 and 1982 (19.6% in both areas) in an
38-X multivart analysis of covariance (29.6% versus 19.6% over 10

years). Most of the difference between areas in the risk
:ohort versus 197 factor score (the ‘expected risk’) came from smoking.
short). An adj In another ANCOVA (adjusting for age and gen-
:nder (men versu der) using additional break-down according to history
ing these sim of either CVD or diabetes, subjects with either con-

ymen were pog
sfactory statisti
made in the m
limited statistic:
ime periods wer
hm of the parti
cohort (O, if the
declines in IHD
R. In addition t
ges on the declin
smoking (tobacc
srol (mg/dl)
tolic and diastol
sse variables. Thi

dition (the ‘sick’) had 40.3% higher risk factor score
(5.2% versus 3.7%, p = 0.079 for difference), but the

the ‘healthy’ and the ‘sick’.

The expected risks were estimated as the loglstlc
function scores including tobacco consumption, serum
cholesterol, and the mean of systolic and diastolic
blood pressure. In covariance models for North
Karelia, the observed decline in the ‘incidence’ of IHD
was greater (18.0% versus 13.0% for unadjusted) or

secorid five-year periodf
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decline over time did not differ significantly between--

TaBLe 1 The adjusted mean rzsk factor levels in North Karelia and the reference area in 1972, 1977 and 1982 and relative changes in the first and

-equal (12.1% versus 12.4% for adjusted) to the
expected from 1972-76 to 1977-81. From 1977-81 to
1982-86 the observed incidence increased by 14.4%
(adjusted 13.2%) whereas the expected one decreased
18.9% (adjusted 19.6%). :

Inlogistic models the age- and gender-adjusted inci- -
dence of IHD declined in North Karelia from 1972-76 E
to 1977-81 by 17.9% and from 1977-81 to 1982-86 by ;‘3}
2.6% (ns). The respective declines in the reference i
population were 12.9% and 9.3%. Over the ten-year ‘
period the observed decline in IHD incidence in North :
Karelia was smaller (19.3%) than expected (30.4%) on
the basis of risk factor changes. In the reference popu- ;
lation, the observed decline over ten-years was similar .
to the expected (23.0% versus 20.4%). As in the linear |
covariance models, there were no significant differ- !
ences between areas in the age- and gender-adjusted !
decline of ITHD incidence. i

The observed lack of decline in IHD incidence in ;
North Karelia from 1977-81 to 1982-86 is consistent '
with the national mortality statistics, which also show a f
levelling-off of the decline in age-adjusted IHD mor- :

- tality in North Karelia for both men and women aged
35-64 from the year 1979 on and no decline between
1980 and.1986.

When the cohorts were stratified accordmg to
history of either CVD or diabetes (Figure 1), there
-~ were significant (p<0.05) declines only among those
free of these conditions in North Karelia (18.3%) from
1972-6 to 1977-81 and among the ‘sick’ in the refer-
ence area {12.3% and 17.0% in the two periods,
respectively), whereas the declines among the ‘sick’ in
North Karelia and among the ‘healthy’ in the reference
area were miot statistically significant.
In the logistic modelling, the proportion of the

nges (populatio

North Karelia

Reference area

«d as the relatiy

1972 1977

1982 1972 1977 1982

% change

- Mean Mean from 1972 Mean from 1977 Mean Mean from 1972 Mean from 1977

% change % change % change

ORu) No of tobacco products/d 5.4 4.6 —13.9%**
Serum cholesterol (mmol/) 7.00 6.61 — 5.1%**

OR, donates th Mean blood pressure (mmHg) 121 115 - 5.1%**
or the latter ti Logistic risk factor score§ . 4.43 3.88 - —12.4%**

3.5 —22.9** 4.7 4.8 +2.0 46 —54
6.15 - 17.0 6.85 6.63 -3.3 6.06 — 8.6**
113 - 2.0 119 117 -1.8 112 - — 4.4%%

312 —19.6%** 4.08 4.08 0.0 3.28 —19.6***

isted additionally
Number of people 4584 4157

2159 5434 5072 2002

§The estimated five-year risk of IHD event.

+Covariance-corrected for age, gender, family history of cardiovascular disease, diabetes and history of cardiovascular disease.
1The statistical significance of the difference in changes between North Karelia and the reference areas as tested in two-way (by area and time)
analysis of covariance, indicated as *p<0.05, **p<0.01 and ***p<0.001.
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Change in IHD Incidence in 5 years (%)

16.5

NK, Healthy NK, Sick

I From 1972-6 to 77-81

Ref, Healthy

From 1977-81 to 82:

FIGURE 1 Age- and gender-adjusted five-year change in the incidence of ischaemic heart disease events in North K
Ppopulation in people with no history of either cardiovascular disease or diabetes (the ‘healthy’) and in those with

‘sick’).

decline 'in THD incidence attributable to tobacco
product consumption, serum cholesterol and the mean
of systolic and diastolic blood pressure was 89% in
North Karelia from 1972-77 to 1977-81 and 20% in the
reference population. Figure 2 shows these population
attributable benefits in the strata according to history
of either CVD or diabetes. In both periods, risk factor
changes explained all of the decline among the
‘healthy’ North Karelians, whereas there was no
decline of IHD incidence among the sick North
Karelians. In the reference area, 23% of the decline
from 1972-76 to 1977-81 and none of it from 1977-81
to 1982-86 was accounted for by the risk factor changes
among ‘healthy’ people. Among the ‘sick’, 30% and
64% of the decline in IHD incidence, respectlvely, was
attributable to risk factor changes.

DISCUSSION

In the present data based on three large, separate
population-based cohorts, we . observed a similar
decline in the incidence of hospitalization and death
due to IHD in North Karelia and in the reference
population from the first five years of the CVD preven-
tion programme to the subsequent five years. From the
second to the third five-year period there was no

decline in North Karelia and a |
reference area. This finding is in
observations of similar trends in t
total populations of both provi‘nc‘
period.%10 :

than in the reference population. Wh
were estimated on the basis of smo

THD incidence in North Kareha was
reference populatlon greater thant

tionally suggest, that whereas in N_
the decline in IHD incidence was ¢

pressure, in the reference proviii
THD decline was explained by th

present analysis to exclude the poss
finding.
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NK, healthy .

Ref, healthy

Ref, sick

0 20

B From 1972-6 to 77-81

Populatlon Attributable Benefit (%)

60 80 - 100

2= From 1977-81 to 82-6

FIGURE 2 Proportion of the decline in the age- and gender-adjusted inciderice of ischaemic heart dlsease events in North Karella and inthe -

reference population in the ‘healthy’ and in the ‘sick’.

in the cohort examined at the beginning of the pro-

gramme was not influenced by the programme or in.

other words-that the effect of the programme on the
incidence of IHD appeared only five years after imple-
mentation. -Realistically, the programme could have
had some effect on IHD incidence within five years,
especially as adecline in the incidence of acute myocar-
dial infarction (AMI) in the whole population started
in 1975-76.% Consequently, the decline in the
observed incidence of IHD in North Karelia from
1972-76 to 1977-81 was already reduced by the poten-
tial effect of the programme. For this reason the actual
decline in the incidence of IHD in North Karelia was
presumably greater than the one observed in the pres-
ent data.

Second, the apphcatmn of loglstlc models assumes
that the risk factor levels for individual members of the
cohorts remained unchanged-during the five-year fol-
low-up periods. Part of the attenuation in the predic-
tive power of the risk factors on IHD: incidence ‘was
probably due to changes in risk factor levels in indivi-
duals after the pre-follow-up examination of the three
cohorts.” As the risk factor changes were greater in
North Karelia than in the reference area, this dilution
of the benefit, should have been greater in North
Karelia, and if anything; biased the results towards the
null hypothesis. - '

One possible explanation for our finding is that the

~.aetiological impact of these risk factors diminished

over time in North Karelia but not in the reference
area. This seems unlikely and it appears-that: -
(1) the criteria for diagnosis of THD’ on death certifi-
cates and/or hospital discharge forms changed over
time in: North Karelia and became more ‘sensitive’ so
that some of the true decline in THD incidence.was
masked or an opp051te trend took place in the refer-
ence area, or ° :
(2) the cross- sect10na1 surveys estnnated 'the nsk
factor changesi in North Kareha andthe refrence ared
imprecisely, or : ' » : ;
(3) a component or several components in the- 1nter-
vention in North Karelia, not reflected in the risk
factor changes had an unfavourable effect on the inci-
dence of THD particularly among ‘sick’ people, or' -
(4) changes in‘medical care or other changes in life-
style, not reflected in-the risk factor changes, had a
favourable effect on IHD 1nc1dence in the Ieference
population. .

The- questlon of changes in’ the dlagn051s of IHD
over time in North Karelia will be addressed elsewhere

. by comparing the annual numbers of events in the

heast attack registry and the national hospital. dis-
charge files and will not be discussed further here. A
bias in the estimates of risk factor changes is possible.
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Participation fell more in North Karelia (from 94% to
80%) than in the reference population (from 91% to
82%). Unfortunately participants and non-partici-
pants were not compared with respect to risk factor
levels. It is possible that the participation bias could
even be exaggerated in a population exposed to edu-
cational intervention.

In order to investigate the possibility of harmful
elements in the intervention programme in North
Karelia and lifestyle changes in the reference area, the
decline in THD incidence and the contribution of risk
factor changes to the decline in incidence was esti-
mated separately among people with and without a
history of either CVD or diabetes. Although only
indicative due to the limited statistical power, these
analyses reveal that:

(1) the incidence of IHD declined in North Karelia
only among subjects with no history of CVD or
diabetes (whereas in the reference population the
decline was greater in those with a history of either
CVD or diabetes), and

(2) practically all of the decline in incidence in pre-
"viously healthy individuals North Karelia could be
explained by risk factor changes (whereas less than a
quarter of the decline in incidence in the healthy refer-
ence population was attributable to risk factor changes
according to our analysis. ,

These findings could imply that if the intervention in
North Karelia had unfavourable effects, these
occurred among people with previous CVD. In the
MREFIT study, mortality from IHD was higher in men
receiving special intervention than in those receiving
usual care among subjects who had resting ECG
abnormalities and were hypertensive at entty to the
study. In other subgroups coronary. mortality was
lower in the special intervention than the usual care
group. It has been speculated that aggressive anti-
hypertensive treatment (possibly with high doses of
diuretics only) could do more harm than good among
people with coronary heart disease.’ :

Diuretics were the main antihypertensive regimen in
North Karelia in the 1970s although the use of beta-
adrenoceptor blocking agents started to increase
rapidly in the late 1970s and this increase continued in
the early 1980s.2 In 1977, the proportion of diuretics
used in antibypertensive medication was higher in
North Karelia than in the reference population.t?

Asnoted above, the declines in the incidence of IHD
observed in the present data are likely to be under-
estimations. In a preliminary analysis using the heart
attack registry data (from the period 1972-81) from
North Karelia, the decline in the mortality due to acute
myocardial infarctions was estimated to have been

attributable to a similar extent to a decrease in:the
‘true” incidence (of first AMI for each person) and to
an improvement in the long-term survival aftey ihe’
AML?® Thus, it appears likely that there was also a
decline in the incidence of IHD among the people - ith
either CVD or diabetes, but this decline was, neverthe.
less, smaller than in people free of these diseasés’ ™ -

Inthereference province, and possibly in other parts

of Finland, secular trends other than changes in smok-

ing, serum cholesterol and blood pressure might have
induced a considerable proportion of the decline in the
incidence and mortality from IHD in the 1970s ‘and’-
1980s. These secular changes could include favdy; ble’
socioeconomic developments, the increase’ in'ithe

quantity and quality of resources of both prima;

-secondary health care, the migration from rura

to cities and the urbanization of the lifestyle wit
sequent changes in the diet, predominantly a redug
of fat consumption. These trends could reduce the'ris
of IHD by influencing, besides smoking, serum cho
lesterol and blood pressure, eg the blood coagulation
system and platelet function. Psychological factors -
can, at least theoretically, affect the risk of IHD b
operating through hormonal and neurological e
lation. No data are available concerning these fact Is
The greater decline in ‘incidence’ of IHD among the
‘sick’ than in ‘healthy’ people in the reference popu
tion from 1977-81 to 1982-86 suggests that an improv
ment in the medical care or possibly secordary
preventive services could have contributed t
decline considerably or at least their impaci
greater in the reference than in the intervention
It must be noted here that the main hospital in‘the
reference province was upgraded to a universit ﬁo
pital in 1972 and major programmes to enhange the
acute and post-hospital care for and secondary pr
tion of the patients with an AMI were implemeritéd iz
the reference province in the late 1970s. The nu >
coronary by-pass operations was negligible in th '70s
and started to rise only in the 1980s, acceleratingin th
late 1980s. So, by-pass surgery is not a part of
change in coronary care that might have contrib
the decline in IHD rates in the reference area.
Whether any unfavourable effects of the inte
tion in North Karelia or lifestyle changes in the
ence population or both, and of what magni
caused a diminution in North Karelia or an exc
the reference population of the declines in IHD
and hospitalizations, as compared to those expected o
the basis of risk factor changes, remains som yhat
open. Animportant implication of the present finding
is, however, that in addition to a cross-community:
analysis,"* a within-community analysis, based onsuffi
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evaluation of community-based disease control
programimes.
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