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Contribution of trends in survival and coronary-event rates to
changes in coronary heart disease mortality: 10-year results
from 37 WHO MONICA Project populations

Hugh Tunstall-Pedoe, Kari Kuulasmaa, Markku MahOnen, Hanna Totonen, Esa Ruokokoski, Philippe Amouyel, for
the WHO MONICA (monitoring trends and determinants in cardiovascular disease) Project*

Summary

Background The WHO MONICA (monitoring trends and
determinants in cardiovascular disease) Project monitored,
from the early 1980s, trends over 10 years in coronary
heart disease (CHD) across 37 populations in 21 countries.
We aimed to validate trends in mortality, partitioning
responsibility between changing coronary-event rates and
changing survival.

Methods Registers identified non-fatal definite myocardial
infarction and definite, possible, or unclassifiable coronary
deaths in men and women aged 35-64 years, followed up
for 28 days in or out of hospital. We calculated rates from
population denominators to estimate trends in age
standardised rates and case fatality (percentage of 28-day
fatalities=[ 100-survival percentage]).

Findings During 371 population-years, 166000 events were
registered. Official CHD mortality rates, based on death
certification, fell (annual changes: men -4·0% [range -10·8
to 3·2]; women -4·0% [-12·7 to 3·0]). By MONICA criteria,
CHD mortality rates were higher, but fell less (-2· 7% [-8·0
to 4·2] and -2·1% [-8·5 to 4·1]). Changes in non-fatal rates
were smaller (-2·1%, [-6·9 to 2·8] and -0·8% [-9·8 to
6·8]). MONICA coronary-event rates (fatal and non-fatal
combined) fell more (-2·1% [-6·5 to 2·8] and -1·4% [-6·7
to 2·8]) than case fatality (-0·6% [-4·2 to 3·1] and -0·8%
[-4·8 to 2·9]). Contribution to changing CHD mortality
varied, but in populations in which mortality decreased,
coronary-event rates contributed two thirds and case
fatality one third.

Interpretation Over the decade studied, the 37 populations
in the WHO MONICA Project showed substantial
contributions from changes in survival, but the major
determinant of decline in CHD mortality is whatever drives
changing coronary-event rates.
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Introduction
The WHO MONICA (monitoring trends and
determinants in cardiovascular disease) Project was
designed to answer key questions arising from the 1978
Bethesda Conference on the Decline in Coronary Heart
Disease Mortality.' The continuing relevance of these
questions was highlighted by results from the ARIC
study.' Are reported declines in coronary heart disease
(CHD) mortality genuine? If they are, how much is
attributable to improved survival rather than to declining
coronary-event rates? Consequential hypotheses arise
from the latter question about inter-relations of changes
in coronary-event rates, survival (or case fatality), risk
factors, and coronary care.

The WHO MONICA Project set out to measure,
within defined populations over 10 years, trends in
rates of events from CHD and their case fatality,
trends in risk factors, and trends in acute coronary
care.>' The protocol, developed between 1979 and
1982, identified six possible associations: between risk
factors and incidence; medical care and case fatality;
incidence and case fatality; medical care and incidence;
risk factors and case fatality; and medical care and risk
factors. The first two relations, between trends in risk
factors and incidence (or event rates) and between
trends in coronary care and case fatality, were the basis
of the two major null hypotheses of the study, reflecting
the continuing concerns of those involved in health
promotion versus those involved in coronary care (WHO
MONICA Project protocol available at: URL:
www.ktl.fi/publications/monica/manual/partlli-l.htm
URN: NBN:fi-fe 19981147).

This report covers the first definitive 10-year results
from 37 populations in 21 countries across four continents.
It addresses the original Bethesda questions. The results of
standardised measurement of trends are compared with the
routine mortality statistics. We estimate the contribution to
trends in validated CHD mortality of changing survival
compared with changing coronary-event rates.

Methods
Registration of events
MONICA populations and registration procedures have been
described with full specification of diagnostic criteria (for
relevant section of MONICA Manual see URL:
www.ktl.fi/publications/monica/manuallpart4/iv-l.htm URN:
NBN:fi-fe 19981154).5 Standard coding and criteria were
applied throughout, with internal and external quality control,
to validate all suspected coronary events in individuals aged
35-64 years of defined populations. MONICA coronary events
were made up of specified non-fatal events-survival to 28 days
from onset-and fatal events-CHD deaths occurring before or
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Country Population Abbreviation Registration Mean population Data quality scores

Years
aged 3H4 years

Coronaryevents Demographic
(1000s)

Australia Newcastle AUS-NEW 1985-1993 9 148 1·6 1·6
Perth AUS-PER 1984-1993 10 381 1·1 1·0

Belgium Charleroi BEL-CHA 1983-1992 10 77 0·5 20
Ghent BEL-GHE 1983-1992 10 85 0·8 2·0

Canada Halifax County CAN-HAL 1984-1993 10 108 18 2·0
China Beijing CHN-BEI 1984-1993 10 283 1·2 1·0
Czech Republic CzechRepublic CZE-CZ E 1984-1993 10 238 1·8 1·0
Denmark Glostrup DEN-GLO 1982-1991 10 133 0·8 2·0
Finland KuopioProvince FIN-KUO 1983-1992 10 96 1·8 2·0

North Karelia FIN-NKA 1983-1992 10 65 1·8 2·0
Turku/Loirnaa FIN-TUL 1983-1992 10 78 1·8 20

France Lille FRA-L1L 1985-1994 10 339 1·2 2·0
Strasbourg FRA-STR 1985-1993 9 333 1·7 1·0
Toulouse FRA-TOU 1985-1993 9 321 0·9 20

Germany Augsburg GER-AUG 1985-1994 10 215 1·3 2·0
Bremen GER-BRE 1985-1992 8 217 1-4 0·5
East Germany GER-EGE 1985-1993 9 246 1·1 0·0

Iceland Iceland ICE-ICE 1981-1994 14 75 1·8 1·7
Italy Area Brianza ITA-BRI 1985-1994 10 343 1·7 2·0

Friuli ITA-FRI 1984-1993 10 376 1·7 2·0
Lithuania Kaunas LTU-KAU 1983-1992 10 146 1·7 1·0
NewZealand Auckland NEZ-AUC 1983-1991 9 289 1·5 2·0
Poland Tarnobrzeg Voivodship POL-TAR 1984-1993 10 197 0·9 1·0

Warsaw POL-WAR 1984-1994 11 202 1-4 2·0
Russia Moscow-Control RUS-MOC 1985-1993 9 85 0·9 10

MOSCDW-Intervention RUS-MOI 1985-1993 9 230 0·9 1·0
Novosiblrsk-Control RUS-NOC 1984-1992 9 175 0·9 1·0
Novosibirsk-Intervention RUS-NOI 1984-1993 10 54 1·1 1·0

Spain Catalonia SPA-CAT 1985-1994 10 389 1·5 2·0
Sweden Gothenburg SWE-GOT 1984-1994 11 153 1·4 2·0

NorthernSweden SWE-NSW 1985-1995 11 194 1·9 2·0
Switzerland Ticino SWI-TIC 1985-1993 9 114 1·1 2·0

Vaud/Fribourg SWI-VAF 1985-1993 9 292 0·9 2·0
UK Belfast UNK-BEL 1983-1993 11 158 1·9 10

Glasgow UNK-GLA 1985-1994 10 130 1·9 2·0
USA Stanford USA-STA 1980-1992 13 99 1·6 1·0
Yugoslavia NoviSad YUG-NOS 1984-1995 12 113 1·9 1·0

'See text explanationof scores and scoring.

Table 1: Populations studied, years of coronary-event registration, mean population size, and summary scores of data quality*

after admission or discharge from hospital but within 28 days of
onset.':" MONICA definition 1 for coronary events was used in
the main analysis, It included non-fatal events satisfying the
criteria for definite myocardial infarction, and fatal events
classified as definite, possible, and unclassifiable coronary
deaths, the latter comprising mainly sudden deaths with no
available diagnostic information. MONICA definition 1
therefore excluded "possible" non-fatal events. ,.7 Previous
angina or infarction were recorded, but first and recurrent events
were not distinguished, except in secondary analyses.'

Contemporaneous routine death certificates that listed CHD
as the underlying cause of death were enumerated for
comparison with validated MONICA fatal events, and
calculation of official CHD mortality rates.

Statistical procedures
Event rates for age-group 35-64 years were standardised directly
by 5-year groups to the World Standard Population." We used
the relation between the Poisson and X2 distributions to derive
95% CIs for weighted sums of Poisson parameters." The annual
numbers of events within age-groups was assumed to follow a
Poisson distribution with allowance for overdispersion.":" We
calculated trends from the age-standardised annual rates (r.)
with the log-linear model, where log denotes the natural
logarithm, t the year, and e" the error term of the regression
model:

log r,=a+bt+e,.

The estimate 100b is the rate of change of the event rate
expressed in this paper as average annual percentage change. For
small changes, it is about IOO[exp(b)-I), the estimated change
during a year.

Case fatality (percentage of events becoming fatal by 28 days
from onset) was standardised to the distribution of MONICA
events (weighting age 35-44 years by I, 45-54 years by 3, and
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55-64 years by 7, divided by 11), with elimination of empty cells
by amalgamation when necessary. The 95% CIs were calculated
from the SE of the weighted sum of binomial variables with use
of the normal approximation. We calculated trends from annual
age-standardised case fatality by log-linear regression, with the
assumption that the annual case fatality within age-groups
follows the binomial distribution, and with allowance for
additional deviation from the regression line, as for trends in
event rates. Percentage change in case fatality is expressed as the
relative change from 100%, so, for example, a change from 50%
to 49% is 2%, for reasons listed.

We calculated correlation coefficients without consideration
of SEs of the variables, and probably underestimated them."

MONICA CHD mortality (fatal event) rate M, coronary-event
rate C, and case fatality F are related by M=CXF. With the
assumption of constant rates of change, where M' indicates the
average annual change in MONICA mortality rate (and similarly
for C' and F'), then by calculus: M'/M=(C'/C)+(F'/F).

Change in MONICA CHD mortality rates is therefore the
sum of change in coronary-event rates plus change in case
fatality, all expressed as average annual percentage change. This
calculation allows partitioning of the relative contribution to the
percentage change in mortality rates of percentage change in
coronary-event rates and percentage change in case fatality,
specifically where the latter is reported as relative rather than
absolute percentage change. (In practice, in any given
population, the accuracy of this theoretical equation will depend
on the precision of the separately estimated trends. The accuracy
may be influenced by the effects of age-standardisation of rates
and of possible non-linearity in trends on linear estimates).

Sensitivity analyses
We did the main analyses on all the populations with equal
weighting, and all the years accepted for each population.
Trends in coronary events qualifying for MONICA definition 1
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Population Official CHD Numbersof events in MONICA Casefatality (%) Official CHD Mean (SE) rates per 100 000 in MONICA
deaths*

Fatalt Non-fatal* Coronary§
(SE) mortality rate

CHO mortality Non-fatal* Coronary events§
per 100000*

AU5-NEW 1233 1296 (24%) 1917 3213 40·6 (1·7) 181 (5) 191 (5) 288 (7) 479 (9)
AU5-PER 2292 2483 (11%) 4366 6849 36·8 (1·2) 131 (3) 142 (3) 247 (4) 389(5)
BEL-CHA 587 991 (46%) 1005 1996 50·1 (2·2) 139 (6) 237 (8) 250 (8) 487 (11)
BEL-GHE 431 728 (46%) 818 1546 47-4 (2·5) 94 (5) 161 (6) 185 (7) 346(9)
CANHAL 814 901 (10%) 1544 2445 37·5 (2·0) 176 (6) 194 (7) 328(8) 523 (11)
CHN-BEI 653 683 (9%) 484 1167 58·8 (2·9) 46 (2) 48 (2) 33 (2) 81 (2)
CZE-CZE 3105 3105 (10%) 2842 5947 52·8 (1·3) 266 (5) 266 (5) 249 (5) 515 (7)
OEN-GLO 1171 1697 (27%) 1564 3261 52·5 (1· 7) 187 (5) 271 (7) 246 (6) 517 (9)

FIN-KUO 1490 1542 (2%) 1855 3397 45·7 (1'7) 313 (8) 324 (8) 394 (9) 718 (12)
FIN-NKA 1280 1309 (2%) 1419 2728 48·1 (1·9) 389 (11) 398 (1) 437 (12) 835 (16)
FIN-TUL 949 986 (1%) 1042 2028 48·5 (2·2) 255 (8) 265 (8) 284 (9) 549 (12)

FRA-L1L 1433 2792 (46%) 2031 4823 58·7 (1-4) 89 (2) 172 (3) 126 (3) 298 (4)
FRA-STR 1180 2076 (45%) 2230 4306 49·0 (1·5) 80 (2) 141 (3) 152 (3) 292 (4)
FRA-TOU 751 1294 (40%) 1983 3277 40·0 (1·7) 53 (2) 91 (3) 142 (3) 233 (4)
GER-AUG 1438 1734 (32%) 1425 3159 55·1 (1·8) 130 (3) 157 (4) 129 (3) 286 (5)
GER-BRE 1182 1542 (36%) 1594 3136 49·6 (1·8) 137 (4) 178 (5) 183 (5) 361 (6)
GER-EGE 1539 1930 (16%) 1952 3882 50·0 (1·6) 149 (4) 186 (4) 184 (4) 370 (6)
ICE-ICE 901 919 (5%1 1578 2497 36·9 (1·9) 175 (6) 178 (6) 308 (8) 486 (10)
ITA-BRI 1789 1948 (24%) 2902 4850 40·7 (1-4) 103 (2) 112 (3) 167 (3) 279 (4)
ITA-FRI 1964 2223 (20%) 2746 4969 45·1 (1-4) 99 (2) 112 (2) 141 (3) 253 (4)
LTU-KAU 1940 1678 (11%) 1439 3117 54·8 (1-8) 313 (7) 271 (7) 228 (6) 498 (9)
NEZ-AUC 2575 2649 (5%) 2740 5389 49·5 (1·4) 207 (4) 213 (4) 221 (4) 434 (6)
POL-TAR 1968 3711 (41%) 799 4510 82·7 (H) 202 (5) 378 (6) 83 (3) 461 (7)
POL-WAR 1878 3505 (42%) 2382 5887 59·9 (1·3) 187 (4) 347 (6) 238 (5) 586 (8)
RUS-MOC 1160 1005 (12%) 663 1668 60·7 (2·4) 330 (10) 285 (9) 192 (8) 477 (12)
RU5-MOI 2914 2507 (11%) 1565 4072 62·5 (1·5) 326 (6) 280 (6) 173 (4) 453 (7)
RU5-NOC 1834 11 1876 (0%) 1292 3168 59·9 (1·8) 271 (6) 276 (6) 188 (5) 464 (8)
RU5-NOI 970 653 (4%) 451 1104 60·1 (3·0) 410 (13) 279 (1) 189 (9) 468 (14)
SPA-CAT 1259 1505 (41%) 2650 4155 36·7 (1·5) 63 (2) 76 (2) 135 (3) 210 (3)
SWE-GOT 1309 1376 (10%) 1757 3133 43·6 (1·8) 151 (4) 159 (4) 205 (5) 363 (7)
SWE-NSW 2002 2081 (4%) 3614 5695 36·1 (1·3) 178 (4) 185 (4) 324 (5) 509 (7)
SWI-TIC 467 474 (36%) 987 1461 33·5 (2·5) 94 (4) 95 (4) 195 (6) 290 (8)
SWI-VAF 1064 1091 (38%) 1831 2922 38·4 (1·8) 84 (3) 86 (3) 144 (3) 231 (4)
UNK-BEL 2488 2476 (12%) 3594 6070 41·0 (1·3) 280 (6) 279 (6) 416 (7) 695 (9)
UNK-GLA 239411 2627 (8%) 2823 5450 48·2 (1·3) 332 (7) 365 (7) 412 (8) 777 (11)
USA-STA 955 1182 (9%) 1333 2515 47·9 (2·0) 163 (5) 201 (6) 230 (6) 431 (9)
YUG-NOS 1293 1428 (3%) 1370 2798 51·9 (1·9) 195 (5) 215 (6) 208 (6) 422 (8)

Mean 1477 1730 (20%) 1854 3584 49·0 189 211 223 434
SO 672 808 (16%) 905 1510 9·9 98 89 93 160

'Based on death-certificate enumeration. tPercentage unclassifiable deaths without diagnostic information. *Oefinite myocardial-Infarction rate. §WHO MONICA definition 1. ~Oata
missing for 1 year.

Table 2: Number of events, age-standardised 28-day case fatality, and mean (Sf) annual event rates per 100 000 during
registration in men

were estimated by log linear regression. We then did sensitivity
analyses on the findings to find out whether they were robust.

Results
Availability and quality of data
37 populations provided data for this report on men and
women aged 35-64 years. Table 1 lists the populations,
years of registration, and population sizes. Most populations
provided data for 10 years (range 8-14), and all provided
data for 1985-91. Table 1 shows centrally generated quality
scores for the coronary-event and demographic data from
which event rates and trends were calculated. In the WHO
MONICA Project a full score is 2·0 and 0 denotes at least
one serious problem with the data, but not that they are
necessarily invalid. Full reports on data qualiry are available
(coronary events URL: www.ktl.fi/publications/monica/
coreqa/coreqa.htm URN: NBN:fi-fe 19991072; for
demographic data URL: www.ktl.fi/publications/monica/
demoqa/demoqa.htm URN: NBN:fi-fe 19991073).

Coronary-event rates and case fatality
During 371 population-years of observation, 166000
coronary events were registered that met criteria for
MONICA definition 1. 35 populations provided data on
men and women, and two on men only. We analysed data
for men (table 2) and women (table 3) separately and show
by population first the numbers of events registered in
different categories and then the mean annual event rates
derived from them. Numbers of events shown are: the total
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of certified (official) CHD deaths; the number of
MONICA fatal events registered; the percentage of these
in the unclassifiable MONICA category; numbers of
MONICA non-fatal and of coronary events (fatal plus
non-fatal). The mean case fatality is followed by the mean
(SE) annual event rates for the different event categories
averaged over the years of registration, all rates sharing the
same population denominators.

The mean number of events registered by population
was 3584 (range 1104-6849) in men and 951 (398-2143)
in women. Mean MONICA coronary-event rates and case
fatality, with 95% CIs, are ranked by population in
descending order for each sex (figure 1). Subsequent
descriptions of average annual percentage changes in rates
are against a background of different mean rates.

North Karelia (Finland) had the highest lO-year mean
coronary-event rate in men, and Beijing (China) the
lowest. In women the highest rate was in Glasgow (UK)
and the lowest in Catalonia (Spain). Coronary-event rates
in women were, on average, 24% of those in men, but the
sex ratio varied between populations.

Tamobrzeg Voivodship (Poland), a rural community
with limited potential for diagnostic confirmation of non
fatal events, had the highest case fatality in the two sexes,
whereas Ticino (Switzerland) had the lowest case fatality in
men, and Halifax (Canada) the lowest in women. Unlike
coronary-event rates, the range of case fatality was similar
in the two sexes, but the mean was higher in women, even
after age standardisation (men 49'0%, women 53'8%).
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Population Official CHD Numbers of events in MONICA Casefatality {%} Official CHD Mean (SE) rates per 100 000 in MONICA
deaths'

Fatalt Non-fatal* Coronary§
(SE) mortality rate

CHO mortality Non-Iatalr
per 100000'

Coronary events§

AU5-NEW 401 445 (34%) 626 1071 40·9 (3·1) 57 (3) 63 (3) 90 (4) 153 (5)
AU5-PER 554 686 (15%) 921 1607 41-7 (2·5) 32 (1) 39 (2) 53 (2) 92 (2)
BEL-CHA 168 332 (52%) 224 556 59·3 (0) 35 (3) 70 (4) 48 (3) 118 (5)
BEL-GHE 126 231 (52%) 167 398 58·0 (5·1) 25 (2) 45 (3) 33 (3) 7714)
CAN-HAL 186 229 (10%) 449 678 33·6 (3·6) 38 (3) 47 (3) 92 (4) 139 (5)
CHN-BEI 350 350 (13%) 125 475 73·6 (0) 26 (1) 25 (1) 9 (1) 35 (2)
CZE-CZE 761 749 (13%) 586 1335 53-9(2-8) 57 (2) 56 (2) 45 (2) 101 (3)
OEN-GLO 283 529 (39%) 380 909 58·0 (3·3) 44 (3) 82 (4) 58 (3) 140 (5)
FIN-KUO 248 258 (2%) 402 660 38·7 (4·2) 46 (3) 48 (3) 76 (4) 124 (5)
FIN-NKA 216 214 (2%) 315 529 41·3 (4·6) 59 (4) 59 (4) 86 (5) 145 (6)
FIN-TUL 205 212 (2%) 221 433 48·9 (5·3) 44 (3) 46 (3) 48 (3) 94 (5)
FRA-L1L 290 816 (55%) 361 1177 69·5 (2·8) 16 (1) 44 (2) 19 (1) 64 (2)
FRA-STR 271 583152%) 446 1029 57-1(3·2) 17 (1) 36 (2) 27 (1) 64 (2)
FRA-TOU 137 333 (57%) 228 561 59·8 (4·2) 9 (1) 22 (1) 15 (1) 36 (2)
GER-AUG 385 496 (34%) 268 764 64·6 (3·6) 32 (2) 41 (2) 22 (1) 6312)
GER-BRE 263 429 (45%) 379 808 52·0 (3·6) 26 (2) 4212) 3812) 81 (3)
GER-EGE 454 632 (18%) 351 983 62·8 (3·2) 36 (2) 50 (2) 28 (2) 78 (2)
ICE-ICE 178 182 (7%) 336 518 34·114·3) 3413) 34 (3) 6414) 99 (4)
ITA-BRI 341 424 (35%) 382 806 52·5 (3·7) 18 (1) 22 (1) 20 (1) 42 (1)
ITA-FRI 479 528 (27%) 526 1054 49·9 (3·2) 21 (1) 24(1) 2411) 47 (1)
LTU-KAU 498 367 (25%) 302 669 53·714·1) 60 (3) 44 (2) 36 (2) 80 (3)
NEZ-AUC 723 745 (6%) 699 1444 51-4 (2·6) 57 (2) 59 (2) 55 (2) 115 (3)
POL-TAR 366 1087 (62%) 138 1225 88-4 (1·9) 33 (2) 98 (3) 13 (1) 110 (3)
POLWAR 572 1075 (40%) 729 1804 59·2 (2·3) 48 (2) 91 (3) 6212) 153 (4)
RU5-MOC 389 315 (17%) 202 517 602 (50) 6713) 5513) 3613) 92 (41
RU5-MOI 986 793 (15%) 369 1162 66·5 (3·1) 7612) 61 (2) 2912) 90 (3)
RU5-NOC 69111 717 (1%) 359 1076 66·5 (3·0) 72 (3) 74 (3) 37 (2) 111 (3)
RU5-NOI 361 296 (4%) 130 426 70·6 (4·5) 113 (6) 91 (5) 39 (3) 130 (6)
SPA-CAT 240 336 (44%) 396 732 45·5 (3·7) 11 (1) 16 (1) 19 (1) 35 (1)
SWE-GOT 315 358 (9%) 412 770 45-4 (3·7) 34 (2) 39 (2) 45 (2) 84 (3)
SWENSW 401 458 (3%) 872 1330 34-4127) 35 (2) 41 (2) 7813) 119 (3)
UNK-BEL 833 842 (18%) 1117 1959 41·5 (2·3) 79 (3) 79 (3) 10813) 188 (4)
UNK-GLA 94211 1018 (11%) 1125 2143 46·4 (22) 114 (4) 12314) 14214) 265 (6)
USA-STA 347 488 (14%) 417 905 53·7 (3·3) 5113) 72 (3) 62 (3) 134 (4)
YUG-NOS 321 381 (5%) 376 757 49·9 (3'6) 43 (2) 51 (3) 51 (3) 101 (4)
Mean 408 512 (24%) 438 951 53·8 45 54 49 103
SO 225 254 (19%) 257 445 12·3 25 24 30 47

*Based on death-certificate enumeration. tPercentage unclassifiable deaths without diagnostic Information. *OefiOitemyocardial-infarction rate. §WHO MONICA definition 1. ~Oata
missing for 1 year.

Table 3: Numbers of events, age-standardised 28-day case fatality, and mean (S£) annual event rates per 100000 during
registration in women

Mortality rates estimated according to MONICA
criteria, which include unclassifiable deaths, were higher in
almost all populations than the official rates based on
routine death certification.' Exceptions to this difference
were found in the former Soviet Union. Populations varied
substantially, however, in the proportion of unclassifiable
deaths and in whether unclassifiable deaths came more
from cases attributed originally to CHD or to other causes.

There was a high correlation across populations between
the rates in men and women: official CHD mortality
r=0-87, MONICA CHD mortality r=0'80, non-fatal
events r=0'91, MONICA coronary events r=0'84, and
case fatality r=0·86.

Trends in event rates and case fatality
The average (SE) annual percentage relative trends in
different event rates and in case fatality are shown
separately for men (table 4) and women (table 5). The
population rankings of trends in MONICA coronary-event
rates, and trends in case fatality, by sex, with 95% CIs, are
shown in figure 2. CIs were generally wider for women
than for men, which reflected the smaller numbers of
events. Imprecision of estimates was also a consequence of
non-linearity of trends.

There were correlations across populations between
trends in rates in the two sexes; official CHD mortality
r=0'67, MONICA CHD mortality r=0'70, non-fatal events
r=0'51, MONICA coronary events r=0'68, case fatality
r=0·57.

Most rates were falling. The decline in MONICA
mortality rates was generally smaller in percentage terms
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than that in official mortality rates, but greater than that in
non-fatal event rates. The latter changed little on average
in women. Trends for coronary-event rate were
intermediate. Change in case fatality was smaller on
average than change in mortality rates or in coronary-event
rates.

Coronary-event rates in men decreased in 28 of 37
populations (unequivocally in 22) and increased in nine
(two). Case fatality in men decreased in 25 (11) and
increased in 12 (six). In women, coronary-event rates
decreased in 22 (14) of35 populations and increased in 13
(two). Case fatality decreased in 22 (eight) populations
and increased in 13 (two).

The greatest fall in coronary-event rates in men occurred
in three north European populations, the leader being
North Kare1ia (Finland), which had the highest rates at the
start. With the exception of Catalonia (Spain), male
populations experiencing notable increase in rates were
mainly eastern (central and eastern Europe and Asia). In
women, the populations experiencing the greatest
increases were also generally eastern, but the general
pattern of increases and decreases seemed to be less
geographically stereotyped. There was no significant trend
in the coronary-event rate for the population with the
highest rate in women. In Glasgow (UK), a non-significant
tendency for non-fatal event rates to increase equalled a
similar tendency for MONICA mortality rates and case
fatality to decline.

For case fatality, trends in men were more consistent
geographically than those in women. Lower than median
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rankings for improvement in case fatality were seen in all
11 of the populations that historically belonged to the
eastern bloc, joined only by the three Finnish
populations, Lille (France), Augsburg (Germany), and
Glostrup (Denmark; figure 2). Trends in women were
less striking when viewed in isolation, but were
compatible with those in men, in that seven of the 11
former eastern bloc populations had trend rankings lower
than the median.

o
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of the annual change in MONICA coronary-event rate
and the mean 10-year rates (tables 2-5) showed a weak
inverse relation in men (r=-0'33) that reflected a
tendency for high rates to fall and for low rates to rise.
There was no equivalent pattern in women (r=-0·03).

250

Determinants of change in MONICA CHD mortality rates
The second question from the Bethesda Conference was
whether declining mortality rates from CHD were driven
by changes in coronary-event rates or in case fatality.'
Within a population the percentage change in the
MONICA CHD mortality rate is theoretically equal to
the sum of the percentage change in case fatality and the
percentage change in coronary-event rates, although the
actual goodness of fit will vary with the precision of the
estimates. Small differences arise from the method of
estimation. We ranked populations by percentage decline
in MONICA CHD mortality rates (figure 3). Mortality
decline was not plotted directly, but by its two
components, change in case fatality and change in
coronary-event rates. If these were both positive or both
negative we presented cumulated results; where one was
negative and the other positive, the difference between
the two values represented the change in MONICA
CHD mortality rates. There was greater consistency in
the two trends for men than for women. The
contribution to the change of MONICA CHD mortality
rates is greater from change in coronary-event rates than
from case fatality. Change in coronary-event rates seems
to influence the trend more where mortality is decreasing
than where it is increasing. With smaller numbers of
events for analysis, results in women show greater
inconsistency than those for men.

The relative contributions from change in coronary
event rates and change in case fatality, in the study as a
whole, and in groups of populations defined by what
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Associations between changes in rates
The first question from the Bethesda Conference,
whether declining trends in CHD mortality were real,' is
answered in tables 4 and 5. For both sexes there was
reasonable agreement in most populations between
trends in official CHD mortality rates-accepting death
certification data at face value-and in MONICA CHD
mortality rates, based on standardised MONICA
registration of fatal events. In populations in which rates
were declining, the percentage change in MONICA
CHD mortality was generally smaller than that for
official rates. Discrepancies of more than 5'0% between
trends in official and MONICA CHD mortality rates
occurred for men in Beijing (China) and Novosibirsk
Control (Russia). In women, added to these two
populations were LiIle (France), Friuli (Italy),
Novosibirsk-Intervention (Russia), and Novi Sad
(Yugoslavia). Discrepancies of more than 3·0% occurred
for another four male and five female populations. For
many of the remaining populations, differences were
small, especially for those in which mortality rates were
high and falling.

Trends in MONICA non-fatal event rates showed a
moderately positive correlation with those in MONICA
CHD mortality in men (r=0'37) and in women (r=0·23).
Comparison, across populations for the 10-year period,

1000 Coronary-event rate in men

Population
Figure 1: Population ran kings of coronary event rates and case fatality by sex with 95% Cis
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Population Number of years Official CHOmortality MONICACHOmortality MONICAnon-tatal event MONICAcoronary-event MONICA28-day case
rate rate rate rate fatility

AU5-NEW 9 -7·4 (H) -7·4 (1·2) -3·5 (0·5) -5·1 (0·6) -2·2 (0·9)
AU5-PER 10 -5-4 (0·5) -4·5 (0·5) -2·3 (0·3) -3·1 (0·3) -1·5 (0·6)
BEL-CHA 10 -5·5 (1·0) -15 (1·9) 2·0 (1·1) 0·3 (1·1) -1·8 (1·1)
BEL-GHE 10 ---€·2 (1·4) -48 (0·9) -1·8 (1·3) -3·2 (0·9) -16 (0·9)
CAN-HAL 10 -7·5 (1·5) -6-3 (0·9) -3·8 (H) -4·7 (0-8) -1·5 (0·9)
CHN-BEI 10 -2-1 (1·8) 3-4 (1-6) 0-6 (1·7) 2-3 (1-0) 1-1 (1-1)
CZE-CZE 10 -0·9 (1·1) 0-3 (09) -1·2 (07) -0-4 (0·6) 0·7 (0-4)
DEN-GLO 10 -4·7 (1·1) -2·7 (11) -5·7 (1·1) -4·2 (0-8) 1·5 (0·8)
FIN-KUO 10 -5·5 (0·8) -5-0 (0·8) -6·9 (1·3) -6·0 (0·7) 1·0 (0·9)
FIN-NKA 10 -6·8 (0·6) -7-0 (0-5) ---€·1 (1·3) -6·5 (0·7) -05 (0·7)
FIN-TUL 10 -4·7 (1·3) -4·5 (1-4) -3·8 (1·0) -4·2 (1·0) -02 (0-8)
FRA-L1L 10 -3·3 (1·1) -1·5 (1·0) -0·6 (1·3) -1·1 (0·9) -0·3 (0·6)
FRA-TOU 9 ---€·2 (1·0) -5·7 (0·9) -2·3 (0'7) -3·9 (0·8) -17 (0·6)
FRA-STR 9 -9·8 (0·8) -6·2 (1·0) 0·6 (0·8) -2·1 (0·8) -3·8 (0·8)
GER-AUG 10 -3·7 (0·7) -2·2 (0'7) -4·4 (0·8) -3-2 (0·4) 1-3 (0·6)
GER-8RE 8 ---€·O (1-0) -4·2 (1·0) -2-6 (1·5) -3·4 (0·8) -0·9 (0·8)
GER-EGE 9 1·4 (1·5) 0·9 (1·0) -1·9 (1·2) -0·5 (0·9) 1·7 (0·8)
ICE-ICE 14 -6·4 (1·0) -6·4 (H) -3·7 (0'7) -4·7 (0'7) -2·1 (0-6)
ITA-BRI 10 -3·5 (0·7) -3·4 (0·5) -1·5 (0·5) -2·3 (0·2) -0-8 (0-6)
ITA-FRI 10 -6·3 (0·9) -2·9 (1·5) 0·8 (0·4) -0·9 (0-7) -2·0 (0·9)
LTU-KAU 10 0·9 (0·9) 2·0 (0·9) 0·2 (0'7) 1·2 (0·5) 10 (0·6)
NEZ-AUC 9 -5·0 (0·6) -5·5 (0·9) -4·7 (1·3) -5·1 (0·8) -06 (0·8)
POL-TAR 10 3·2 (1·7) 2·2 (1-0) -4·1 (2·4) 1·1 (0·8) 12 (0·5)
POL-WAR 11 0·3 (0·8) 0·5 (11) 1·2 (1·2) 0·8 (H) -0·4 (0·4)
RU5-MOC 9 2·2 (1-2) 2·0 (15) -57 (1·7) -1·0 (0·7) 3·0 (1·1)
RU5-MOI 9 3·1 (1·1) 2·8 (13) -52 (1·6) -0·1 (0·9) 3·1 (0·8)
RU5-NOC 9 -10·8 (4·6) 0-2 (1-9) 1-7 (2·9) 0·9(1-6) -0·1 (1·5)
RU5-NOI 10 2·9 (1·9) 4-2 (1-9) 0-9 (3·3) 2-8 (1-5) 1-4 (1-6)
SPA-CAT 10 -1·8 (1·3) 0·3 (1'2) 2·8 (1·3) 1·8 (1·0) -17 (1·0)
SWE-GOT 11 -5·5 (0·7) -3·8 (0-7) -4·4 (0-9) -4·2 (0·6) 03 (0·6)
SWE-NSW 11 -7·9 (1·2) -8-0 (0-9) -3·5 (0·7) -5-1 (0'7) -29 (0·6)
SWI-TIC 9 -5·6 (1·7) -5·8 (1·7) -1-1 (1-2) -2·6 (1·2) -4·2 (1·5)
SWI-VAF 9 -6·4 (1·6) ---€·8 (16) -1·7 (0·8) -3·6 (0·7) -3·0 (1·4)
UNK-BEL 11 ---€·1 (0·8) -6·0 (0·6) -3·6 (0·8) -4·6 (0·6) -1·5 (0·5)
UNK-GLA 10 -2·3 (0·8) -2·6 (0·6) -0-4 (1·3) -1·4 (0·6) -1-3 (0·9)
USA-STA 13 -5·5 (1·0) -5·5 (0·9) -3·1 (0·9) -4·2 (0·8) -1·6 (0·6)
YUG-NOS 12 -4·0 (1·1) -0·4 (1·2) 1·3 (1·0) 0·4 (0·6) -0-4 (0·9)
Mean (SD) 10 -4·0 (3·6) -2-7 (3·5) -2·1 (2·5) -2·1 (2·5) -0·6 (H)

first and last years, to exclude potential start-up or run
down effects in coronary-event registration. Results did
not change greatly for most centres. Next, trends were
compared in the first and second halves of each
population registration period, with the assumption of a
linear trend in each, meeting in the middle. Trends
differed significantly between the two periods in a few
populations, (which posed potential difficulties and
benefits for MONICA hypothesis testing). Such
differences were generally inconsistent between the
sexes.

Data for case fatality and event rates were reworked
with exclusion of unclassifiable deaths. The findings
affected results for individual centres, with dilution of
the overall conclusions without negation. Inclusion or
exclusion of unclassifiable deaths had no consistent
effect on the relation between trends in official and
MONICA CHD mortality.

Mean annual trends in non-fatal events overall in men
were -1'6% when possible non-fatal events were added
to the non-fatal definites, diminishing the trend estimate
of -2,1 % by 0'5%, whereas in women the annual trend
estimate of -0·8% was unchanged. However, we have
previously reported that collection of data on possible
non-fatal events was so restricted in some MONICA
populations because it was not the definitive MONICA
endpoint for non-fatal events, that a subset of MONICA
populations would be needed for a formal comparison of
trends in definitive and possible non-fatal events."

Ten centres, with quality scores of less than 1·0 for
coronary event or demographic data were excluded and
the analyses rerun. Overall findings were not affected
enough to suggest that centres with poor scores had

Table 4: Trends in age-standardised event rates for men aged 35-64 years expressed as average (SE) annual relative percentage
change

happened to their CHD mortality, are shown in figure 3
and summarised in table 6. The top third of populations
in figure 3 have the greatest decline in CHD mortality,
In this third there was a clear dominance of trends in
coronary-event rates over trends in case fatality. Change
in case fatality contributed about a third to the total
change, and change in coronary-event rates the other
two thirds. The lower two-thirds of the results are less
consistent, but these ratios still seem to be roughly true
for all populations that have any decline in CHD
mortality, when taken together. In male populations,
mainly eastern, in which mortality is rising, the increase
in case fatality makes a larger contribution. In men, case
fatality seemed to contribute 21 % and coronary-event
trend 79% of the averaged decline in CHD mortality,
and in women 35% and 65%, when all populations were
analysed together.

Sensitivity analyses
We reran the preceding analyses, testing for sensitivity of
the results to the definitions, populations, years, and
analytical models used.

For incidence versus event rates, MONICA recorded
history of angina or myocardial infarction, but this
information was missing for death outside hospital in
many populations. MONICA coronary-event definition
1 includes first and recurrent events. There was a high
correlation across populations between changes in event
rates and changes in first event rates defined in different
ways. MONICA definition 1 is a good proxy measure of
incidence.

The analysis of trends uses a log-linear model. Data
for each population were censored, with removal of the
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Population Numberof years Official CHO mortality MONICA CHO mortality MONICA non-fatalevent MONICA coronary-event MONICA 2lklay case
rate rate rate rate fatality

AUS-NEW 9 -9-4 (2-3) -8-5 (2-3) -3-4 (2-2) -5-6 (1-5) -3-0 (2-1)
AUS-PER 10 -6-6 (1-9) -40(1-1) -0·8 (1-4) -2·2 (0·8) -2·3 (1·1)
BELCHA 10 -5-0 (2-7) -08 (1·9) 3-8 (2-8) 1·1 (1·3) -1·8 (15)
BEL-GHE 10 -8-9 (3-4) -4·6 (3·5) 0-4 (2-1) -3·0 (2·2) -18 (1-8)
CAN-HAL 10 -4-0 (2-1) -41 (1·8) 2·9 (1-1) 0·5 (0-8) -4·6 (19)
CHN-BEI 10 -4-5 (1-6) 1-1 (1·4) -5·1 (5-5) -0·5 (1-4) 1·3 (1-3)
CZE-CZE 10 -D-3 (1-9) 1-2 (2-D) 3·3 (1·9) 2·1 (1-7) -1·2 (09)
DEN-GLO 10 -4-0 (1-7) 0-1 (1-5) -6-1 (1-5) -2·5 (1-3) 2·5 (10)
FIN-KUO 10 -5-2 (1-5) -4-1 (1-5) -4-6 (1·6) -4·5 (1-1) 1·0 (17)
FIN-NKA 10 -5-0 (2-6) -5-1 (2-5) -5-0 (1·2) -5·1 (1-5) -0·2 (2-0)

FIN-TUL 10 -7-5 (2-8) -7-3 (2-1) -1-5 (2-4) -4·5 (1-6) -19(19)
FRA-L1L 10 -5-7 (2·3) -0-7 (1-3) -3-4 (1-4) -1·6 (1-2) 08 (0-7)

FRA-STR 9 -7-6 (2·3) -8-3 (2-4) -4-1 (16) -6·6 (1-7) -23(1-0)
FRA-TOU 9 -5-7 (4·1) -4-4 (2-1) 2-3 (25) -1·7 (1-5) -36 (13)
GER-AUG 10 -1-1 (1-1) 0-9 (1-3) 1-0(3-3) 0-9 (1-7) -0-4 (0-9)
GER-BRE 8 -2-D (3-4) -1-9 (3-4) 3-4 (1-3) 0-7 (1·6) -2-9 (2-2)
GER-EGE 9 0-8 (1·6) 00 (H) 6-8 (1-2) 2-5 (1·3) -2-2 (09)
ICE-ICE 14 -3-4 (1·8) -43 (1-5) -3-5 (1-4) -3-7 (1·3) -1-0 (1-5)
ITA-SRI 10 -11-3 (1·9) -82 (2-2) 1-4 (1-6) -3-5 (1·2) -4-8 (12)
ITA-FRI 10 -8-1 (1·7) -26 (1-2) 1·0 (1-9) -0-8 (1-4) -2-D (10)
LTU-KAU 10 0-8 (1·7) 1·7 (2-7) 3·9 (2-9) 2·7 (2·0) -1-2 (1-6)
NEZAUC 9 -1-8 (1-7) -3·2 (1·2) -3·9 (2-5) -3·5 (1-4) 06 (1-4)
POL-TAR 10 3-0 (1-5) -0·8 (1·6) 5-4 (5-1) -0·1 (1·2) -0·7 (06)
POL-WAR 11 -2-2 (1-2) -1-1 (0·9) 4·1 (1-5) 1·0 (0-4) -2·1 (0-9)
RUS-MOC 9 -2-8 (2-1) -4-6 (1·5) -9·8 (2-5) -6·7 (1-5) 1·5 (1-4)
RUS-MOI 9 0-1 (1-3) -0-3 (19) -7-2 (1-4) -2·5 (1-4) 25 (0-8)
RUS-NOC 9 -12-7 (3-9) 2-7 (1-0) 1-5 (3-8) 2·3 (1-8) 03 (12)
RUS-NOI 10 -D-9 (2-5) 4-1 (26) -5-1 (48) 14 (1-9) 2·9 (2-0)
SPA-CAT 10 0-5 (2-5) 3-3 (1-9) 0-8(1-8) 2-0(1-3) 1-5 (1-5)
SWE-GOT 11 -5-0 (2-0) -2-7 (1-8) -4-6 (1-4) -37 (1-1) 12 (1-3)
SWE-NSW 11 -1-4 (1·9) -2-0 (1-7) -2-7 (09) -2-4 (0-8) 0-4 (1-3)
UNK-BEL 11 -3-9 (1·5) -3-9 (1-3) -1-4 (1-2) -2-4 (0-6) -17 (12)
UNK-GLA 10 -2-3 (1·2) -2·0 (1-5) 2-D (1-4) 0·2 (0-8) -2-1 (1-5)
USA-STA 13 -3-2 (1·8) -31 (1-6) -1-6 (1-2) -2-4 (1·0) -0-4 (09)
YUG-NOS 12 -3-2 (1·8) 4·1 (1-7) 1-6 (2-1) 2-8 (1·3) 0-5 (1-6)
Mean (SD) 10 -4-0 (3·6) -2·1 (3-4) -D-8 (4) -1-4 (2·8) -0-8 (2-0)

Table 5: Trends in age-standardised event rates for women aged 35-64 years expressed as average (SE) annual relative
percentage change

biased the study's conclusions. This finding was also
true when summary results were recalculated with
weighting for data quality or precision.

Discussion
The WHO MONICA Project arose from recognition in
1978 that the reported decline in mortality from CHD in
the USA was neither validated nor explained;' Collection
of standard data, from many heterogeneous populations
over 10 years, would facilitate general understanding.
The protocol was, however, impracticable for less
developed countries without adequate diagnostic
facilities or population denominators. It was also a
challenge for more-developed countries, with some
participants dropping out. MONICA populations with
declining CHD mortality, are not representative of the
whole world.":":" In less-developed countries, CHD
mortality is probably increasing.

Genuine and spurious influences on coronary-event
registration"!' can be seen through the imagery of
weighing scales. The burden of coronary events is the
sum of fatal and non-fatal events, each weighing down
one side of the scales, but survival (100-case fatality
percentage) is the way the balance tilts between them.
The challenge is to discriminate real trends in event rates
and survival from false ones-most difficult when trends
are small. Clinicians inevitably focus on the impact of
treatment on survival in cases reaching hospital, but they
may ignore deaths outside hospital, and the difficulties
of disease recognition, diagnosis, severity, and changing
incidence. Measurement of trends in event rates
necessitates defined and accurate population
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denominators. The SUspICIon, recogninon, and
confirmation of non-fatal versus fatal events determine
the tilt of the balance, but are subject to opposing
influences. Diagnosis of non-fatal cases depends on the
patient seeking appropriate help, leading to appropriate
tests, in a clinical, mainly hospital, setting. Diagnosis of
fatal cases is mainly that of death outside hospital,
according to local medicolegal practices. New financial
barriers to hospital treatment, plus pressures to misuse
coronary diagnoses to conceal increasing drug-related or
alcohol-related deaths, would lead to increases in
apparent case fatality. Better identification of minor,
otherwise silent infarction," better access to health care,
more intensive use of sensitive tests, and rejection of
doubtful deaths would lower it. These apparent trends
would be spurious in being independent of the natural
history of the disease. However, changes in lifestyle or
early development might genuinely change the threshold
for ventricular fibrillation, deflecting the balance
between fatal and non-fatal events, independent of
diagnosis or medical treatment.

We identified previously the high percentage of
unclassifiablc" presumed coronary deaths in MONICA
in which no diagnostic information was available for
review. We also found higher case fatality in women than
in men, characteristically in low incidence populations
which suggested that non-fatal events in women were
being less consistently recognised and detected. IO-year
results suggest little change over the decade since then.

Data quality scores (table 1) were calculated centrally
with explicit criteria for identified problems. These
scores did not necessarily reflect factors that
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Figure 2: Population ranklngs, by sex, of trends in coronary-event rates and case fatality with 95% Cis
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Figure 3: Population ranklngs, by sex, of trends in MONICA
CHD mortality rate showing contribution of trends in coronary
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decline in CHD mortality has been too large and too
long-term to support this argument. There are no
competing causes of death large enough to have
absorbed a decline of anything up to 70% in CHD over
20-30 years. MONICA has corroborated reported
mortality trends in many populations, even those in
which the current MONICA findings suggest that the

5 Men

investigators could influence directly. They were
determined by medical and medicolegal constraints on
data quality and data acquisition, and the stability of the
register environment, including funding. MONICA
results correlate with quality scores for coronary events.
In men, the scores for quality of coronary-event
registration correlated positively with mean coronary
event rates (r=0'39); negatively with mean case fatality
(r=-0'36); negatively with trends in coronary-event rates
(r=-0'38); and negatively with trends in case fatality
(r=-0·20). In women, correlations were in the same
direction: r=0·27 with mean coronary-event rates;
r=-0'68 with mean case fatality; and r=-0'12 and
r=-0'26 with trends in coronary-event rates and case
fatality, respectively.

Coronary-event registration necessitates continuing
preoccupation with access, quality, and completeness of
data coming from different parts of the local health-care
system. Our concern with some components of our
dataset has been diminished by the results of our
sensitivity analyses. These show findings to be robust
overall, with no major impact from changing the criteria
for inclusion of data or populations.

An enduring controversy is whether the focus of
coronary-event registration should be on incident cases, a
term that raises complex issues, or on all events, including
recurrences. Mortality statistics do not discriminate. In
many, but not all MONICA populations, the medical
history was unavailable for many coronary deaths,
although the distinction could be made for hospital
admissions, as was done by ARIC.' For these analyses
we used coronary-event rates and found that they
correlated highly with variously defined first-event rates.

Although said to be spurious when it began, the
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Populations defined Number of Mean trend Mean change Mean relative

by trends in mortality populations In mortality in coronary· change in case

rate rates (%) event rates (%) fatality (%)

Third with greatest decline
Men 12 -604 -4·3 -2·1
Women 12 -5·6 -3·9 -1·9

Ali populations with a decline

Men 26 -4·6 -304 -1·2
Women 25 -3·7 -2·5 -1·2

Ali populations with an increase

Men 11 1-7 0·8 1·0
Women 10 1·9 104 0·4

All populations
Men 37 -2·7 -2·1 -0·6
Women 35 -2·1 -104 -0·8

Table 6: Populations grouped by trends in MONICA CHD
mortality rates to show contribution of change in case fatality
and change in coronary-event rates

official CHD mortality rates may be imperfect estimates
of the true absolute rates. Study populations were
carefully chosen at the outset, but the amount of
diagnostic information on fatal cases is commonly
inadequate. Validation of the diagnosis by the local
MONICA investigators had to be done with the same, or
less evidence, than that available to the certifying
doctors. Unavailable evidence, or tests, cannot
subsequently be created. Medicolegal precedents, local
rules on confidentiality, and health-service organisation
commonly precluded adequate audit of the certification
of this major cause of premature and sudden death.
Death certification has remained resistant to the
transparency, quality control, and standardisation to
which other medical conduct is now being subjected.

The percentage of unclassifiable deaths in tables 2 and
3 show these difficulties. The percentages were highest
in Belgium, France, Germany, Poland, Spain, and
Switzerland. A third or more of presumed coronary
deaths among men were involved, and larger proportions
in women. The case for inclusion of these deaths has
been argued elsewhere.' Unclassifiable deaths explain
discrepancies in CHD death rates between populations
with varying proportions of non-coronary, non-stroke,
cardiovascular deaths, and are relevant to the southern
European or French "paradox". Tables 2 and 3 explain
why inclusion or exclusion of unclassifiable deaths had
an inconsistent effect in the validation of trends in
official CHD mortality. Populations differed in whether
their unclassifiable deaths had originally been certified as
attributable to CHD or to other causes. These
percentages may reflect, to some extent, the diligence of
local investigators in the searching of records of different
causes of death, and in questioning the diagnosis. When
starting registration, each centre had to identify locally,
and then monitor, those causes of death that might
conceal potentially misdiagnosed coronary deaths." The
complex relations between unclassifiable deaths and the
original death-certificate diagnoses in different
populations were first analysed in our earlier cross
sectional paper.'

What drives changes in CHD mortality and by how
much is a question that has remained topical ever since
the Bethesda Conference on the Decline of CHD
Mortality.' It has implications for strategies on primary
and secondary prevention and medical care and for the
two main hypotheses that we are testing. These
hypotheses are that changes in survival rates are
determined by changes in medical care, and that changes
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in the incidence of CHD are driven by changes in known
coronary risk factors. Greater complexity can be
postulated, four other potential associations being listed
in the MONICA protocol. The determinants of changes
in CHD mortality have been investigated in four US
populations in the ARIC study.' In these populations,
CHD mortality and case fatality fell together, but overall
incidence remained stable from 1987 to 1994.

The ARIC study was done at the same time as, and
was associated with MONICA, although the age-groups
and criteria differed. The ARIC 8-year results from four
populations are not corroborated in our results. Even the
five North American and Australasian MONICA
populations, which have similarities in mortality trends,
populations, and cultures, all disagreed with ARIC. All
five had a decline in CHD mortality, especially in men,
dominated by a fall in coronary-event rates, and
associated with a highly significant fall in non-fatal event
rates.

MONICA results are heterogeneous. No one
population is typical. Some are dominated by change in
case fatality. Populations (mainly eastern) in which
CHD mortality is increasing differ from the remainder.
However, the largest decreases or increases in mortality
rates occur in populations in which coronary-event rates
and case fatality are going in the same direction. In
populations in which CHD mortality is declining, the
contribution of change in coronary-event rates seems to
be twice that oftrends in case fatality. Contributions are
partitioned two thirds to one third. That seems to be the
best summary statement of what drives declining CHD
mortality.

These results record the heterogeneity of experience of
the WHO MONICA Project, and the limitations of
previous generalisations, made from small numbers of
populations that were similar to one another. After 20
years, the WHO MONICA Project has answered the
original questions from the Bethesda conference on the
validity of mortality trends, and on whether survival or
coronary-event rates contribute more. The answers raise
further questions. Why do results from MONICA and
ARIC differ? Which component of declining mortality
will be carried forward into subsequent decades? Is the
preoccupation of the past 20 years with relating case
fatality to medical treatment and coronary-event rates to
lifestyle and risk factors still valid, or are some of the
other potential relations listed in the MONICA protocol
equally deserving of exploration? Why did case fatality
rise in some MONICA populations? Can lifestyle
influence case fatality? Can medical care influence
coronary-event rates? Many of these questions await
analysis by the WHO MONICA Project in the future.

The conclusion of these first definitive 10-year results
is that, despite substantial contributions from changing
survival, the main determinant of the decline in CHD
mortality is whatever drives changing coronary-event
rates.
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