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ABSTRACT

The recent CHD mortality decline has been attributed to
reduction of risk factors, improved management and potentially
to artifact, The purpose of khia thesis is to assess the
impact of death certificate coding on geographic and time
variations in CHD mortality rates.

Several samples of death certificates were recoded. There
were samples of 400 death certificates originally coded ICD-9
410 (Acute Myocardial Infarction) and of 200 death certificates
from all causes «fOf the provinces of Nova Scotia and
Saskatchewan for the years 1970 and 1984, The net effect of
death certificates falsely coded ICD-9 410 and of the death
certificates which should have been but were not coded ICD-9
410 did not wvary significantly by province or by year.
Therefore, deat% certificate coding errors were unlikely to
explain the differential variation in CHD mortality decline by
province and year. The error rates did increase significantly

with age and with the number of contributing and underlying
v

causes of death reported on the death certificates,
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RESUME

Le déclin de la mortalité par maladie coronarienne obpervé
depuis le début des années aoixantg est attribué & une réduction
nd.l facteu;f\ de risques, 2 uné amélioration des traitements, et
possiblement 2 des artéfacts. Le but de cette thése est

d'évaluer 1'impact potentiel de la variation de la codification

des 'certificats de décds sur les taux de mortalité par maladie

coronarienne.

Des séries de 400 certificats de décgds codifiés Infa;ctus
Aigu du Myocarde et des séries de 200 certificats de décds par
toute cause pour les provinces de Nouvelle Ecosse et de Sas-

katchewan pour les années 1970 et 1984 furent recodifiés.

a—

L'effet combiné des certificats qui n'auraient pas dus etre
codifiés ICD-9 410 et des certificats de décds qui n'etaient pas
mais aursient du etre codifiés ICD-9 410 ne montre pas de varia-

tion significative entre les provinces et les années.

« Une variation dans la codification des certificats de décs

ne peut donc expliquer meme partiellement le déclin dela

- e—

mortalité par maladie coronarienne. Les taux d'erreurs dans la

codification des certificats de décds augmentent de fagon sig-

nificative avec l'age et avec le nombre de causes contributoires

et sous-jacentes au décds enumérées sur le certificat de décds.
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CHAPTER ONE

INTRODUCTIbN AND RATIONALE FOR THE STUDY
. ?

1. INTRODUCTION

For the last half-century, there have been 1important

N

variations in mortality and morbidity rates for Coronary Heart

Digsease (CHD). ?hrodghouc the 1940s and the 19508 there were
marked increases in CHD morbidity and mortality 1in
industrialized countries. Some countries, including the USA
and Canada, were considered ‘to be experiencing CHD epidemics.
In the 1960s, CHD mortality began fo decline unexpectedly among

some populations and has continued to do so. Following the

initial surprise of the first report of the decline of CHD
mortality in "1974 in the USA (i),_—aeveril studies were

conducted to explain this phenomenon.
- [

The patterns of decline for CHD morbidity and mortality

¢

have shown national_and regional inconsistencies. In the USA,

Canada, and Australia, decreases were noted initially in the

-~

mid-1960s. Rates began to decline in Japan, Belgium, Finland

and the Netherlands in the early 1970s. Some countries,

- -

including Spain, Greece and Switzerland, have yet to witness a
¥

CHD mortality decline (2,3).

L 4

Within countries, regional %ariations were observed in CHD
mortality decline. The deélines also varied by gender, age,
ethnicity, and socioeconomic status. For example, the CHD
mortality decline was particulariy pronounced for young, white

males of higher socioeconomic status.




In Canada, the decline 1in CHS mortality rates began in
1965. The onset of the decline occurred unevenly 1in the
different provinces, genefally following a west to east trend.
The decline began in the Prairies (1965) and gradually moved
towards the Maritimes where it was not observed until the 1970s
(4). Deséite declines in CHD mortality in all of the provinces,
differences in CHD rates persist among the provinces. In 1978
the highest rate for fatal first AMI was in Nova Scotia, 273.0
per 100,000 person-years, 1.9 times the reported rate of 143.3
per 100,000 person-years in Saskatchewan, the province with the
lowest rate,

Despite the impressive decline in mortality, CHD remains
the leading cause of death in Canada today, and is the area of
the most rapidly escalating health care <costs (5). CHD
mortélity rates are a crucial source of information for health
care policy making.

At one of the first major conferences organized by the
National Heart Lung and Blood Imnstitute, (NHLBI), in Bethesda
in 1978 (2), the following questions-were raised:

T is the CHD mortality decline due to reduction 1in the
incidence of disease?

- is the CHD mortality decline due to reduction of case

.

fatality?
- is the CHD mortality decline a statistical artifact?
Although there was general consensus that the total CHD

mortality decline is mot a statistical artifact (4), little has

actually been donme to examine the question of how much of the




‘
| -I!

decline could be attributable to such artifacts. In

>

particular, no studies have assessed the degree to which

~

changes in the nosologic coding from the death certificate

could account for the reported variations in the CHD mortality
decline,
2. RATIONALE FOR THE STUDY

Inaccuracies have been reported in deﬁch cegtification
(6), particularly for the cardiovascular system (7). Moreover,
quality assessment studies have reportedrimportant variations
in death certificate coding. Therefore, :; is pertinent to
determine if death certificate coding practice varies over time
and region 1in Canada, and the extent to which differential

variations may account for the observed changes in the CHD

mortality rates in Canada between the years 1970 and 1984, and

¢

between provinces.
Then the research questions are:
1- did the accuracy of death certificate coding vary

%
between Saskatchewan and Nova Scotia between the years 1970 and

~
1984 waith—regeard—to the ICDA code 410 (AMI)?

2- what was the net effect of death certificate coding
error rates variation upon the observed differences between
Saskatchewan and Nova Scotia and between the years 1970 and
1984 for AMI mortality rates?

The following chapter will review the CHD epidemiology:
the CHD mortality rate variations in Canada, USA, and in other
countries; major CHD observagional and intervention studies,

their contribution and limitations; the CHD risk factors and




-

management; and, finally the death certification and death
certificate codiné for CHD. The methods uged to ascertain
death. certificate coding variation are developed 1in chapter
three. The data analysis and the results of this study are
presented 1n chapter four. In the 1last chapter, possible
explanations for the CHD mortality rates decline are discussed.
Included as possibilities are the reduction of incidence, the
reduction of case fatality, and in particular the potential of

the effects of differential death certificate coding errors.



CHAPTER TWO
REVIEW OF LITERATURE

A. CHD MORTALITY

1 INTRODUCTION

The first report on CHD mortality decline in 1974 (1) was
a great surprise. As can be seen in figure 1, the proportion of
all death”due to CHD had increased through the 19408 and 1950s
to the point that observers thought it had re;ched an epidemic.
The increase in the proportion of deaths due to CHD was

largely an artifact of the decltine in competing causes of death

such as infectious, pa:agiﬁif and diarrheal diseases (8). The -

trends in proportion of death due to CHD were also distorted by
other factors such as changes in the proportion of CVD deaths
due to CHD (i.e. in the 19508, concurrent reduction of deaths
dd; to stroke and increase in CHD mortality), evolving medical
terminology, and coding fluctuations wathin the CVD category
and bétween acute and chronic CHD.

The observed CHD mortality decline 8ince the late 50s
remains largely unexplaired. iu the USA, the proportion of
deaths due to cardiovascular diseases declined by 5.3
percentage points, and CHD declined by 7.1 percentage points
between 1968 and 1982 (figure 2). The decline has reached-all

groups of the Canadian B8ociety and the rate of decline 1is

increasing.
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for 1982 are provisional; for 1968, final. From the National Center for
Health Statistics, Division of\Vital Statistics.
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2. CANADIAN PICTURE 8
2.1. Canadsa |

CHD age-adjusted mortality rates for males increased 0.5%
annually from 1950 until 1965, then decreased 1.7Z annually for
the next ten years (4). For females, the CHD age-adjusted
mortality rates remained setable from 1950 to 1960 at wh;ch
point they began to decline 0.4 annually, and the annual rate
of decline reached 2.4% in the 1970s (figure 3). In Canada,

CVD mortality rates have declined 531 for women and 342 for men
gince 1951 (Statistics Canada). -

Even though the decline in CHD was seen in both sexes and
across all age groups, the young (under 45 years of age) and
those of higher socioeconomic status appeared to have initially
benefited the most (9). The only group showing an in:;ease in
CHD mortality were women under thz~£;e of 30. .

T;;nds for acute and chronic CHD behaved differently from
each other. Mortality data on acute CHD (available since 1969
only) shows a persistent decline across all ages and both
sexes, which is, however, more pronounced among the young male
group. Chronic CHD age-adjusted death rates trends over the
same period are less wuniform than for acute CHD, Tﬁ;

male/female CHD mortality rate ratio of 2 remained relatively

constant (4). Also, the rate of decline is increasing (4).
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2.2. Canadian Regions

~

In Canada, the decline in CHD mortality rat;a has varied
by regions. It occurred first in the Prairies in 1965,
gradually moved to other provinces, and finally reached the
Maritimes in thg<l9708. Marked differences remain between the
provinces (Appendix 1): some of the highest rates of CHD
mortality have been obéerved in Nova Scotia, some of the lowest
in Saskatchewan (figure 4). The difference between the two
provinces has gradually decreased both for.COCal CHD mortality
rates (figure 4) and for AMI mortglity rates (appendix 2).

The difference in rates between the two provinces remains
unexplained. Greater reductions of CHD incidence rate may have
occurred in Saskaﬁchewan than in Nova Ssotia, due to- greater ,
favorable changes in 1lifestyle or environmental factors in
Saskatchewan. Also, Saskatchewan may have experienced a
greater reduction in case fatality rate due to better medical
care, better access to hospitals or decreased severity qf the
disease., The differences between the provinces may also be due
to variations in diagnostic and coding practices. Finally, it
could be a combination of the above. |

The Nova Scotia/ Saskatchewqp CVD Project was struck to

4
examine this difference, and data were collected on the

incidence of fatal and non-fatal AMI, rate of Trecurrent
episodes, average intervals between episodes, episode fatality
ratio, and the proportion of persons dying before, during i://’/
subsequent to hospitalization for the years 1977 and 1978. The

study uses objective «criteria <E;}elopcd to validate the
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diagnosis of AMI collected from hospital and death records.
These data are available in Canada at the provincial and
federal levels, and a computer data linkage system has been
developed Eo facilitate utilization of the data,

The results show that age-ade;ted incidence rates of AMI
were 1.31 and 1.28 times higher in Nova Scotia- than in
Saskatchewan~ for males and females, respectively. The
differences in incidence rates are most pronounced for male
over 45 and fsr females 50 to 64 years of age with a{ Nova
Scotia/Saskatchewan incidence rate ratio of 1.;. There were
striking differences in the incidence rates of fatal first AMI;
they were 1.9 and !.53 times greater in Nova Scotia than in
Saskatchewan for males and females, respectively. The
recurrence rate of fatal AMI among ‘females is 1.82 tim;a
greater in Nova Scotia than in Saskatchewan. . S

Most of the differences in CHD mortality rates between the

two provinces are accounted for by males in Nova Scotia over 45

who have a higher incidence of fatal first AMI, and, who also

“‘more frequently die before admission to hospital.

Studies of geographically or temporally different
populations are wuseful in identifying factors influencing
cumulative incidence rates in comparison to individual studies
which are better suited to assess relative risks associated

.with these factors (10). Wing et al. argue that the geographic
pattern of onset of CHD mortality decline is similar to other

patterns of social changes such as aspects of popular consumer

r4
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& culture (diet, smoking and recreation) and shifts in productive

economic activities, but not to diffusion of medica1 care (1l1).

3. UsaA

4

In the USA the proportien of deaths due to CVD increased

~

frod ‘192 in 1900 to 552 in 1950 (8).

Smith and Slatér, through ordinary and cause-deleted 1life
* table analysis, examined the impact of competing causes of
- death; and through regression analysis examined ‘the impact of
InCetnatio;al Classification of Diseases Adapted (ICDA) changes
on trends in CVD‘(B). They conclude that, once changes 1in
competing causes of death for males in the USA are taken into
account, there were marked increases in CVD and CHD through the
first half of the twentieth century (CVD death in the 1920s and
19308, acute CHD death in the 1940s and 1950s). Conversely,
CVD,mortalitf for females did not increase during _the same
"period. There wa; eyidence_sf a major epidemic for the male
population, but in the early 1960s there was a reversal in the
epidemic patterns (8).

In the 20 year span bet;een 1963 and 1953 in the USA,
decline of CVD in genefal was 36 and the decMne for CHD in
particular was 37X, In 1982 alone, approximately 500,000 fewer
deaths occurred in USA than degthe ex;ected from the projected
CVD death rates of 1963. The decline in CVD'mortalify accounted

1 for a 26X decline in the overall mortality rate (i.e. deaths

. '
.

-

“ .
v .o
™ -
N . - - - -
%W - - ¢ . v ’ N
R R ;. Lo . ST et N - P e




+

o

due to any disease or condition), and a 2.6 year increase in
life expectancy at age 35 between 1972 and 1982 (12,13).

By the mid L970s %in the USA, all groups by age, race and
sex had experienced remarkably similar declines in CHD (14).
However, some differen;es still persist such as the male excess
of moézality, with a two to one CHD male/female ratio, aqh a
three to one male/female AMI ratio. CHD mortality rates remain
associated with SES levels (15). Most of the male CHD
mortality declines are attributable to acute CHD ‘while, for
females, substantial declines were found for both the acute and
chronic aspegts of CHD. This important difference may be due.
to diagno;tic custom, different manifestations of CHD in males
énd females, or to a differential impact of the factors related
to the CHD mortality dec}ine‘(lé).

Regional variations werenobseéved also in the USA. 1In the
19508, CHD mortality rates were higher in New England, and the
Southeastern and Western states. In 1968, CHD mortality rates
were the highest in Southeastern states for white m313§\\and in
;he ortheastern states for white females (16). For the period
1950-1976, declines in CHD mortality rates were greater for all
non-whites in the Southeastern states than in some qther states
(New York, California, Utah) where Ehe overall éHD mortality

decline was greater (17). . .

In the USA, the geographical variations in rates, the

o

rates of change over time, and the rate differences in CHD
mortality by sex have been studied independently and conjcintly

(11,14). There is i consistency between the gBeographic

°
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<distribution of CHD mortality rates, and their rate of decline,

(Appendices 3 and 4). This opens the possibility ~that the
. - , ‘ .

factors which account for differences in CHD mortality rates by

regions may not be the same as those factors which account for

the declines in mortdlity rates.

4 INTERNATIONAL PICTURE

CHD mortality rates vary as much as 8-fold among the
countries in the world as can be seen in the rates for 27
countries. For males, Finland, Northern Ireland, and Scotland
have the highest CHD mortality rates and Japan the lowest. For
females, Scotland, Israel and Northern Ireland have the highest
CHD mortality rates, whereas Japan and France have the lowest
(18) (Appendix 5).

Since the 19608, the most pronounced CHD mortality decline
has been reported in the USA (19) (Appendix 6). Among the.most
industriglized countries there have been four distinct trends
of CHD mortality rates over the aears 19568-1977, for the 40-69
age-groups (18) (Appendi; 7):

1. all countries outside of Europe experienced a CHD

mortality decline among males and females (with the

exception of Canadian females); the European experieﬁce is
notquniform;

2. some countries experienced a decline (Finland, Belgium,

Switzerland);

3. some other countries remained stable such as UK,

Germany, Italy and the Netherlands;

4
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4. some European countries experienced an increase, the
most 1mportant beilng the lncrease observed in Bulgaria,
Poland and Yugoslavia.

For the period 1968-1977, the greatest qecreases for males
were of 27% 1in USA, and for females 382 1n Japan. The highest
increases were 1n Poland both for males at 86%, and females at
661,

The rate of change 1n CHD mortality rates does not seem to
depend upon the 1nitial CHD mortality rates. Some countries
yith high CHD mortality rates 1n 1969 experienced marked
declines (USA, Finland), while others remained stable or even
increased (Czechoslovakia, Ireland, Scotland, England and
Wales).

Some countries with low rates of CHD mortality 1in 1969
experiengéd marked decreases (Japan, Belgium), while others
experienced increases (Yugoslavia, Bulgaria, Poland).
Therefore it 1s di%ficult to conclude that countries with low
mortality rates are still recording an increase, and countries
with high wmortality rates have already reached the turning
point and now are recording a decrease (18). _

With regard to the proportion of CHD mortality to CVD
mdrtality, soge countries’ where CHD accounts for a low

proportion of CVD deathsgrecorded a CHD mortality rate increase

(Romania) and some a decrease (Japan). Conversely, countries
with the highest proportion of CVD deaths attributable to CHD

experienced a® CHD mortality rate decline (USA, Canada), while

others an increase (Sweden). Therefore it is difficult to

3
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«gonclude that the CHD mortality decline reflects a changing

pattern of proportional mortality within the greater CVD

category.

The apparent CHD epidemic stimulated much regsearch, both
fundamental research trying to explore CHD mechanisms and
potenti1al therapeutic avenues, as well as epidemiologic studies

trying to assess CHD risk factors and disease prone

populations.




B. CHD MAJOR STUDIES

¢
The marked increase in morbidity and mortality from CHD in
the 1940s and 19508 spurred studies of related risk factors and
lnterventions. With the unexpected and unexplained declines in’
CHD mortality beginning 1n the 19608, major i1nvestigations were
undertaken to explain the trends.
In this section the major studies, the key findings, and

their significance for understanding the major CHD

epidemiologic trends are presented 1n summary form,

}. OBSERVATIONAL STUDIES

Observational studies of CHD, at individual and population
levels, have been reported since the late 1940s. Such studies
were designed to explore the natural history of CHD, and to
identify and assess the relative importance of wvarious risk
markers and factors to the onset of disease and mortality.

The following studies are summarized 1in Table 1:

-Eramingham Study (20,21,22,23,24,25,26,27,28)

-Seven Countries Study (29,30)

-Minnesota Businessmen Study (31)

-San Francisco Loungshoremen Study (32)

-Chicago Western Electric Co. Employees Study (33,34)

-Chicago Peoples Gas Co. Employees Study (35)

-Goteborg Sweden Study (36,37,38)

-Japanese in Honolulu Study (39,22,40,41)




TABLE 1

|
s
;

SN CGBJBCTIVES DES 1GM APOERRAS/ SNPLKE BPOINTS YDODIGS
IMVESTIGATORS POLLOW-P DMSVMTIOES OCLUBIoN »
COMNTROLS IMCLAB IOM
REFUGALS
:
FRAMINGHAM To assess RR Observat ional monitor ex- Random sasple S endpointsa: 24=year IR CHD, men (all ages): 368. women (all
DAWBER, TR and IR as- cohort study, pogure to risk of 52609 men sand -angina pec- ages) 185.
sociated with 2zero-time 1949, factors over women living in toris Identical findings for respondents and volun-
age, male gon- follow-up for 4 time: age, sex, Framingham, ~coronary in- teers. GHD IR two most important risk factors:
der ,HBP, mmok~ to 28 years and HBP, swoking, Mass. 38~ sufficlency increasing age, and male gender particularly for
ing, high serum continues. CHOL, obesity, 62 at entry. -] Al and SUD.
CHOL, alcohol, diabetes, Refusals: 31.4% -sudden death 1f SBP>168 or DBP>9S, RR=].
diabetes, body physical Volunteers: ~“+on-sudden CHD If SBP 148-159 or DBP 99-94, RR=]1.S.
weight, gout, activity 14.2y Overall death If swokers, FR by age: AWl SUD
sedentar ism, loss to follow- age 39-39 3 4
hyperthyroidism up: A age>58 1 2
hematocr it If CHOLO268/<2808, RR of Anl and COHD death=4q at

age 36-19 and decreases to 2 st age S8-59.
mult (SBP, CMOL, S"K) logistic regression coef-
ficient for AMI or CHD death:

SHP CHMOL MK

0.0179 s.0068 9.16»
628 mnl attributable to HEP, CHOL, SK.
1f overweight, Ml and 5UD RR=2. If sedentary,
weak CHD risk.

SAN FRANCISCO T assess RR Prospective ronitor ex- 3994 man aged -~CHD death IR QD death=5.) for 19 years; IR all-cause
and IR asso~ cohogt study, posure to risk 35-64 at entry; -All-cauee death=17.6 for 18 years.
BORMAN], ND ET ciated with zero-time 1951, factors over longehotemen.  desth Por CHD death: R
AL. HBP, atnormal follow-up at 16 time: HBP, G Exclusions: ab—~ Age grougs: 45~54 55~64
BOG or chest years. & chest x-~tay norwality -0k t Ng/non-smok i ng 3.2 4.5
x-t&y, over—~ abnormalities, related to car- -58P>170 swokers/
weight, smok- body welight, diopulsonary S58P<130 nonamokers 4.0 2.5
ing, age. ssoking, age. diseass. loss ~GBP>178 nonamokers/
uimﬁu-q;-. SBPK138 nonamokers 5.6 28.8
<n. D8P 180 smokers/
DuP<B88 smokers 3.4 1.6
-0BF> 188 normmokers/
OsP<B8 nonsmokers 3.3 7.0
-0uP> 108 mokers/
P<88 noneeokers 14.8 7.8
~8P>164/95 skers/
8P<168/95 saokers 4.3 1.6
-8P>168/95 nonswmokers/
BP<168/95 nonsmokers 2.5 5.9
-8P>168/95 smokers/
BP<168/9%  nonswokets 9.6 9.4
' -G abnormal smokers/
LOG notmal smokers 2.7 2.6
-G abnormal nonseokers/
£0G normal nonssokers 2.6 3.1
-G abnormal seokers/
G normal nonemokers 6.6 7.2

Hody weight: no relationship to CHD.

L




TABLE 1
(cont'd)

STy
DRASTICATORE

CHICAGD WESTERM

HLCTRIC OO
DWLOYLS
P, O.

CHICAGO

© PEOPLE®S GAS CO

STMLER, ET AL.

ORECTIVS OESIGe DOUENESY/ SNLES
FOLLON- DIMRVIMTIOS DCOAKION
QOMTROLE DICLME1ION
AEFUBMLE
To sssess R Prospective monitor ex- Random sample
and IR as- cohort study, posure to risk of 1989 man,
sociated with: zero—time 1957, factors owver aged 4855 at
age, HBP, diet, follow—up for 4 time. SbP, his- entry, employed
moking, body years. tory of chest >l ysar
fat, serum pain, cough, clerical,
oL, KOG find- S0B, diet CHOL, light/ heavy
ings, ., fundi changes, labor.
lipoprotein BG findings, Exclusions:CHD
lipase, blood ., lipo~ evidence from
sugar, fundi protein lipase, records or at
changes, family blood sugar, first exam.
history, ac- smok ing, ac- Rafusals. 33%
tivity level, tivity, oc~ Loss to follow—
occupation. cupstion, up: 6%
family GD.
To assess risks Prospective ronitor ex- 1329 man, aged

assoclated with cohort stixdy,

HBP, high CHOL, zsro-time 1958,

swok ing , follow-up for
diabetes, diet, 9.7 years.
ocbesity,

ghysical inac-
tivity, ten-
sion.

To assess risks Gbeervational
of 8P, CHOL and cohort study,
triglycerides,
smoking, ags of follow-up for
parental death, 10 years.
blood group,

coffes, al-

cohol: mﬂc‘l

activity at

work, dyspnes,

overweight,

pulse, heart

volume, geog -

rapghic

mobflity.

2aco-time 1963,

posure to cisk
factors over
time: serum
CHOL, HBP,
mmok ing,
diabetes, diet,
obesity,
physical inac-
tivity, tense
personstity.

ronitor ex-—
posure to risk
factors over
time: B8P, CHOL,
smoking, age
parental death,
blood group,
coffee, al-
cohol, activity
at work,
dyspnea, over-
weight, pulse,
heart volume,
high geograghic
mobllivy.

48-59 at entry,
employées of
People's Gas.
Exclusions: 136
for evidance of
CHD at entry.
Mo refusals, no
loss to follow-
up.

973 men, aged
58 at entry,
residents of
Goteborg,
Sweden .
Probability
sample .

usions: AMI
r angina.
Refusals: 1.
Loss to follow—
up: N

-QiD death

-Agina pec-
toris
-l

]
[

-Incident CHD

-non—fatal Ml
=QD death
-all-cause
death

Refusal and study groups comparable. For CHD:

if chronic cough, AR=2.8; if av nichking tumdi,
AR=3.2, if CHOL>2S6 my/dl, RR's for angina~]l.d,
Mi=]1.5, death=2_1. If heavy smoking, RR=1.6; if
abnoraal HOG, RR=4.1; if chest pain, RR=1.9; if
SOu, RR=1.6; if peptic ulcer, WR=1.8. l2-year IR
Ml and/or QD death=91. No OHD relation to body
weight, blood sugar, lipoprotein, diet, )ob
type, physical activity, pulse, tension, hiymo-
glabin.

IR Al or CHD death~11%/1689 for 12 years.
SHPY158/5BP<138, RR=2.8. CHOL>275/<225, RR=4.6.
Swoking | pack/day/never smoke RR=46. DUP>98 &
ST-T pos/DHP<9@ & ST-T neg, RR=4.5. Smoking +
HEP + overweight + high CHMOL/ none of these,
RR=13. Seoking + HUP + overweight + high Cholv/
an’ 2, RR=5.7. Smoking + HsP + overweight ¢+ high
CHi/any 3, RR=]1.8.

/

son-participants: lower income, more unmarried,
sore alcohol problems, Sick Allowance.

18-year IR for non~fatal AmI & CHD death=59/1009
Significant risk factors for Q:

moking (chi 8g.=11.4); dyspnea (chi 3q=14.2),
‘hlgh SBP (F=4.65); high Dup (P=3.05); CHOL
(F=6.00) ; high triglycerides (¥=2.67).

W difference for blood sugar, obesity, physical
activity, heart rate or volume, vital capacity,
coffee.
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The focus of the discussion will be on the Framingham Study and
on the Seven Countries study. The other observational studies
have confirmed the findings, but they added 1little to the
overall understanding of CHD risk factors.

The Framingham Study was the first major long-term cohort
study of the natural history of CHD in a single community. The
study's purpose was to define the principal risk factors of
CHD, and to assess the relative risks of CHD associated with
these factors. In this study, attention focused on
hypertension, cigarefte smoking, serum cholesterol levels, and
obesity which had been postulated as major risk factors which
could be modisied‘to reduce’'the incidence of CHD morbidity and
mortality, The Framingham Study also initiated estimations of
the relative importance of risk factors through the use of
multivariate analysis . The Framingham Study multiple logistic
risk function coefficients accurately predicted the incidence
rates for AMI, mortality from CHD, and death from all causes in
four other US-based CHD observational community -studies in the
Pooling Project (25).

Several other major community CHD epidemiologic studies
have since been conducted, most in the USA,. The parent-
populations for the US-bas;d CHD studies were relatively
gsimilar. These studies confirmed the Framingham Study findings
to be generalizable to white middle-aged &merican men.

The homopzneity of samples probably impeded better
assessment of the relative strength of CHD risk factors,

vhether alome or combined, and also possibly prevented

U
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identification of some components of risk factors. Variations
on risk factor distribution among different populations 1is
likely to enhance the assessment of true risk association. The
Seven Countries study was designed to assess risk facto in
populations in <contrasting cultures and societies. = The
relative risks associated with the major risk factors (HBP,

<
cigarette smoking, diet-related serum cholesterol level) varied

from country to country.

For instance, the Japanese <cohort, which had high
proportions of smokers and hypertensives but low levels of
serum cholesterol, reported a 1low CHD cumulative 1incidence
rate. Conversely, the Finnish cohorts, with lower proportions
of smokers and hypertensives but with higher overall .levels of
serum cholesterol, exhibited a high CHD cumulative incidence
rate. Also, in the study of dietary differences between Greece
and Finland, it was not 8o much the percentage of calories
consumed from total fats but the percentage of <calories
consumed from saturated fats in the diet which best explained
differences between these countries in death from CHD
cumulative incidence rate.

The major CHD risk factors are age, male gender,
cholesterol, smoking, elevated blood pressure and 1low SES.
Cohort median values for systolic blood pressure and serum
cholesterol as independent variables in multiple regression
analysis explain two-thirds of the coronary death rate variance
among the cohorts. These risk factors will be reviewed in a

later aection of this chapter.
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2. INTERVENTION STUDIES

Once risk factors were identified, the interest shifted to
assessing whether reduction of risk factors would result in
reducing the disease incidencé or severity. Randomized control
trials (RCT) have examined that particular issue for CHD.

The following studies are summarized in Table 2:

MRFIT (42,19,43)

- Oslo Study (44,45,19)

Clofibrate Study (46, 19)

L}pid Research Clinics Coronary Primary Prevention Trial
(LRCCPPT) (47,19,48,49)

- Hypertension Detection and Follow up Program (HDFP)
(19,50,51)

- Veterans Administration Cooperative Study (VA) (19)

The focus of the discussion will be on two RCTs, the LRCCPPT
and MRFIT which 1llustrate the main 1issues associated with

assessing the impact of risk factors reduction.

The LRCCPPT showed that reducing elevated plasma

cholesterol levels significantly reduced CHD risk in men. The
reduction of CHD risk followed a dose-response relationship
with jholesterol reduction. However, the study was limited to
men with very high levels of cholesterol who had not responded
to dietary control alone. This and the lack of difference in
all-causes mortality rates between the two study grodps limits
the applicability of the study results to the general
population with milder risk levels. The clofibrate study

showed a reduction of non fatal AMI significantly greater in
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TABLE 2

-

DITSVISTION STUDIES

GBJBECTIVES DESEGM EXPORRSY
.'KIM IMTERVAITIONS
CONTROLS

To test the multi-centre Treatment with

hypothesis that (3} randomized drug clofibcate

incidence of
ischemic heart
disease can be
reduced by
lowering serum
CHOL using
clofibrate.

To test ef-~
ficacy of drug
treatmant in
protecting
hypertensive
persons against
cv

of uncontrolled
HBe

To test ef-
ficacy ot in-
tensive stepped
care drug
trestment to
control BP in
HBP groups of
DBP 98-184,
105~114, 115+

controlled

trial, double-

blind. 2ero-

time 1965, .
follow-up for S

years.

Double-bl ind,
randomi zed,
placeto- chlorothiazide,
controlled. reserpine, hyd-
Zero-time 1963, ralazine.
follow-up for ) Reqular care
years (RC) .

Randomi zed con- ~Control (RC):

trolled trial, Referred to

zero~time 1973, usual care

follow-up for S ~Treatment

years (5C): Stepped
Care

(S sadication
ateyps) :

1. chloe-
thal idone,

2. reserpine/
algha methyl -
dope, 3. hyd-
ralazine, 4.
quanethidine
sulfate S.Add
or mbstitute
additional
agents.

ShewLES
OISO
DICLAUS 1O
REPUBALS

15,745 male -Incident CHD:

-

Mean reduction 9% CHOL levels in treatment

Wlunteers 36~ fatal AMl, non— group. Incidant CHD reduced 2% in treatmant

59. 56000 high fatal Ml
CHOL level ran~

domized to .
treatmant, 5000

to control.

5000 loy CHOL
randomiked to

and control.

Exclusions; CHD

or comorbidity.

lLoss to fol low-

up: I

523 white and  -~¥atal, non-
black middle~ fatal car-
aged man. diovascular
Inclusions: svents

e 98-129,

compl iance with

drug regimen.

Exclusions:

secondary HBP,
comorbidity.

fopulation-
based 10948
hypertensive
|-n & Women.
Black & white
ajed 34-69, 14 '
US communities.

loss to follow-

up: Referred

care 8.9%;

Stepyed care
5.n.

S-year death

group (nonfatal Anl reduced, fatal Al same).
IHD in treatmsnt group=5.9/1008 per year, in
high CHOL control group=7.4/1008 pet yesar
(p<.05). MR samm in all 3 groups. Incidence
gallstones higher in trestment group; non~CHD
mortaltiy significantly higher in_treatment
group.

8C grouwp: for DHP 98-114, events reduced 70%;
for BP=115-129, events reduced 98 (both
significant). FRR treated/controls=§.3.
S~year IR stroke: RC-29; SC-19.

S~year all-cause desth rates per 108:

from all causes SC 6.4

RC 7.7 p<. 0
Por mild HBP group:
s 5.9
RC 7.4 p<.8l
S~year IR: Death from AmI:
SC 9.)
RC 12.6 p<.01

%
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Sraw ACTINS
. /
A LIPID To test ef-
CLINICS 7 ficacy of CHOL
COROMARY - lowering to
MARY PREVENTION reduce CHD
TRIAL incidence
- !
asL0 Part [: To
HWICRWS, 1 ET  evaluste the
AL. effect of diet
and anti-~
amok ing coun-
selling on in-

cidence of CVD.

Part I1. To

o~ - evaluate effect
P of: treatment
s o of mild HBP on
ﬁ [~ cardiovascular
[o] compl ication
=Y including CID.

S G

milticentre
(12} rendomized
controlled
trial, double
blind. Zero-
time 1973,
tollow—up for
7.4 years,

Random{zed con~
trolled trial,
zero~time 1972~

73, follow—up
for 5 years

LXPORIES,
DITERVENTIONS

Treatment :
olestyramine
24g/day (6
packets) .
Control:
placetn. Both
groups had
CHOL~1ower ing
diet.

Part 1I:
Intervention:
dietary, anti-
amoking advice
to subjects and
wives,
examination
every 6 months,
Control:
examinat ion
only, every
yeat.

Part II: HBP
medication:
Hydrochlorothi~
azide,

Al ghasethyldope
Propranolol.

Controls same

SIWnES
KA 10N
DRCLANS 1O
RERIBALS

L“ men aged
1559 s entry.
Inclusjons:
CHOLD> 265 mg/d);
L~C>19¢
wg/dl. -
taclusions:
CHD, HBP,
comorbidity.
Pre—trial res-
ponse to CHOL
lowvering diet
to LDL-C<175
my/dl. WNo loss
to follow—up.

Part I:

1239 Gslo wen
4849 at entry.
Inclusions:
CHOL 296-388
my/dl, coronary
risk scores in
upper quartile
(based on CHOL
levels, smok-
hﬂ: up),
SupP<lSe.
txclusions:
QD or comor -
bidity.
Refusals: N
loss to follow-
up: <1

Part 1F: 785
men 40—49-at
entry.
Inclusion:
158<SBP<179,
DBP<lle.
txclusjon: CHD,
comorbidity.
loss to follow-~
up: L.

-GiD death

-l

-all-cause mOr~
tality

-other OHMD
manifestations
and CVD

Mean cospl iance: placebo-4.8 packets/day; treat-
mant 4.2 packets/day.

% reduction at 7 ysers: Plsama tot. CHOL LDL~C

placebo: “n .
trestment : 13.48 2.8
p<.881 for toth
Tyear IRs for
primary endpoints: placebo treatmsnt
1

QD death +/or mi 98 81 p<.05 !
All-~cause mortality 37 % pr.85

(More violent and accidental deatha in the
cholestyramine group) -

Part 1. Intervention, control groups comparasble B
at bassline. Swoking decreased 458 more, CMOL

13% more in intervention group than in con-

trols. Incident GD & sudden death 478 lower in
intervention group; significantly cofrelated

only with change In (HOL level, not with dec-

resse in tobacco. 7.5-year IR OHD=3) for in-

tervention group; 57 for control group.

Part 11. CHD higher in treated group, not
statistically significant. Treatment group sean
6P decreased 17 and 10 mmily (SHP & DbP) lower
than controls. Small sample size and short
follow-up tise. torderline to mild essential
HEP~difficult to expect great difference.
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TABLE 2
(cont'd)

STUY QHIECTIVES e
IVESTICATORS

CONTROLS
MREIT To determine if Multi-centre

EXPOSURES, SAPLAS
INTERVANTIONG  EXCLASION

DIOUSION
RAFUBALS

Intervention

12,866 men aged ~CHD mortality

/ uc §1

modification of randomized con- (S1): Counsell- 35-57 at entry, -CVD mortality 7-year IR CHD mortality: 19.3  17.9

elevated CHOL, trolled trial. ing for smoking at high risk

‘ HBP, ard

at high risk of
D would
result in
reductions of
coronary death
rates.

ABHREVIATIONS USLD:

[+ 8

PRIRERERER

Cwolesterol

High blood pressure

Acute myocardial infarction
Coronary heart dissase

Systolic blood pressure
Diasstolic blood pressure
Smoking

Cardiovascular disease
Electrocardiogram .
Cardiac failure

v
o
RC
s1
uc
R
IR
R

R

{

~total mor-

Zero-time 1973~ cessation, CHOL for QD (by talicy
cigaretts smmok- 76. Follow-up

ing in persons (sve) 7 years. Stepped care

lowering. Framingham ~fatal CMD &
equation). Ran- nonfatal AmI
for hyperten- domized to SI
sion. Control of UC group.

« (UC)+ advised Exclusion: CHD.

of high risk Loss to follow-
status, uwp: <18 in SI &
referred to uc,

usual care.

Special intervention

Usual care

ortality rats

CGmulative incidence rate/1880
Relative risk

Cane fatality rate

{not significantly different)
Adjusted RRz: Cox Regression Coefficients for
Significant Variables
ue §1 Difference associated with RR

Age 2.20 1.85 Inccease by 10 ysars

mp 1.2 1.8 Increase by S m Hy

S 1.9 1.46 Increase by 28 cigarettes
LDL 1.25 1.28  Increase by 28 mg/dl
(Cosfficients were not significantly different
between the SI and UC groups)

-
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the treated group (cholestyramine) than in the control group.
However the rates of fatal CHD weré\gimilar in the tvo groups.
Moreover, the all causes of death rates were signifiganély
higher in the treated group thanm in the control group (46).
Therefore, even if an intervention may, L be beneficial for a
specific disease the net effect may result in more harm than

]

good.
MRFIT failed to show beneficial effects from a multiple
intervention on the three major CHD risk factors. The problems

encountered in the MRFIT study demonstrate the difficulties of
such studies. Thew7 years follow up wag short compared to the
30 years follow up in the Framingham study. MRFIT was based on
risk factor rates and on disease occurrence rates from previous
observation studies. Secular changes in these rates occurred
between the observation studies period and that, in which MRFIT
was planned and then executed. The real power to detect the
expected difference between the Special Intervention (SI) and
Usual Care (UC) groups was reduced from a planned .8 to less
than .6 (42). Several other elements of the study (volunteers,
multiple examinations,  different physician attitude)
contributed to a greater than expected reduction in risk
factors and in mottality for the UC group.

Moreover, the wuse of diuretics and propanolol for
hypertensive subjects increased their plasﬂﬁ lipids even if
associated with a fat-lowering diet <counselling which

significantly reduced plasma lipids among subjects not

receiving hypertensive medication (52).
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Several factors lead to difficulties with observational
studies and to inconclusive or controversial results from

studies of interventions on CHD,.

3. DISCUSSION

The epidemiologic }investigation of CHD is a challenge.
One cannot directly perform decisive experimental tests of
disease causation,rfor feasibility and ethical reasons. It 1is
difficult to imagine CHD etiologic trials on human subjects
starting in infancy, with large sample sizes, tight control of
covariates, and extended follow-up until outcome events occur.
Rather, we must rely on observational and intervention studies,
and accept their inherent limitations.

Epidemiologic observational studies must take into account
the biology of risk factors for the identification of the
causal constituents of the disease, and also the relative
prevalence _of the risk factors in the population under study.
Even if two factors are of equal biologic importance in the
causation of a particular disease, such as two necessary but
non sufficient risk factors, these factors can be of quite
different epidemiologic importance. For instance, a rare,
strongly associated risk factor will have a higher  relative
risk but a lower attributable risk than a weaker risk factor
with greater prevalence. gglative risks, attributable risks
and interactions between risk factors depend on the relative
prevalence of all the disease causal components (53).

Observational and intervention studies, for reasons of

feasibility, usually focus on relatively homogeneous disease
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prone subpopulations, and thereby reduci the various possible
RS

combinations of risk factors under study.\ This in turn limits
proper assessment of the various causal components of CHD,
their relative causal strength, and possible interactions.
Among them, measures of attributable risk and etiologic
ffaction, so important in public health, become difficult .to
assess from particularly homogeneous subpopulations under study
at a particular time.

Some studies were designed to focus on several populations

simultaneously so that the distribution of risk factors of

interest varies across a broader range, within the study

population as a whole. Such heterogeneity enhances the
»

interpretation of the 1impact of risk factors. For instance,

combining biologic knowledge related to fats as a risk factor
in CHD with epidemiologic studies of Mediterranean and Finnish
populations allowed better assessment of the impact of diet on
CHD,

Even 1long prospective cohort “studiea, such as the one
conducted in Framingham, remain‘ prone to deficiencies. In
these'studies, the following factors were unknown: pr;—study
risk factors experience of the cohort members, the induction
period, various chronologies of component causes leading to
disease onset, the variable length of latency periods between
disease occurrence and disease detection. Nonetheless, all the

observational studies repeated similar findings from the 1950s

and the 1960s consistently pointed towards the same risk
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factors and comparable strengths. of association across

populations.

Most intervention studies displayed inconclusive results.

The interventions were based on strongly associated risk
A

factors with a biologic gradient, findings from several
population-based cohort, studies; and they tested maneuvers

coherent with the disease history and biology. But, the
interventions were often unifactorigl, and did not account for
"effect-latency" period between time of intdrvention and
observable beneficial effect on the disease (53).

Moreover, the interventions may not have been sufficient,
or timely in the disease chronology, to affect disease outcome.
The’ intervention studies were based on relative risks
determined 10 to 20 years previously, sometimes on different
populations, or on the same populations but with different risk
factor levels and incidence rates.

é&nally, and perhaps most importantly, risk factors may
not be prognostic factors once the disease 1i8s present.

Presence and severity of the disease remain the most important

predictors of death from a disease. Risk factors reduction may
be of minimal importance to the evblution of the disease.
Therefore, the negative findings of the CHD risk factor

intervention gtudies were perhaps only inconclusive.




3l

C. CHD RISK FACTORS

1. INTRODUCTION

Epidemiologic studies strongly suggest that the main risk
factors causally related to CHD are age, gender, HBP,ysmoking,
and serum lipid abnormalities. There is somk evidence for
other less strongly associateéxrlsk factors including obesity,
lacr of physical exercise, personality type and socioeconomlic
status. These factors 1ndividually 1ncrease the risk of CHD,
and a combination of several risk factors may greatly increase
the overall risk of CHD or other CVD. Multivariate analysis

|
has shown fth;o that - HBP, smoking, and cholesterol act
synergistically as risk factors for CHD (54).

In this section, each of the major risk factors will be

reviewed.
2. AGE

For apparently healthy men, age is the most important risk
factor both, for the incidence of CHD and for death from all
causes. Ideally, age should be treated as a continuous
vg;iable and age standardization should be by single years of
age. Several studies (Framingham, Seven Countries, Pooling
Project Research Group), give similar results: for instance,
the CHD risk of a 50 year old man is 1.3 times higher than the
risk of a 45 year old man; at age 59 the risk of CHD death is

10 times‘the risk at age 40 (Appendix 8).
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3. SMOKING

Smoking is one of the major risk factors for CHD. In
Canada, the population attributable risk fraction of CVD for
cigarette smoking (ever) is high: 30.1%7 for males and 31.4X for
females aged 45 to 64, 16.9%7 for males and 18.927 for females

aged 65 to 79 (55).

. Overall mortality as well as mortality from CVD, sudden
death or CHD increase with the number of cigarettes smoked per
day. Sudden death has the strongest relation with smoking dose
(Appendix 9). Also an acute myocardial infarction (AMI) 1is
more frequently fatal for smokers than for non smokers (56).
The harmful effect of cigarette smoking on CHD decreases with
age, and is greater for men. Smoking is a very strong risk
factor when associated with oral contraceptive use in women age
35 or older (Appendix 10). Most of the epidemiologic studies
clearly show a dose response relationship, even if the relation
varies from study to study (25). To 'date, there 1is some
harmful effects evidence of passive smoking among wh%;h is
increased ri:k of CHD. A 16 year follow-up population based
cohort study in Japan shows a significant increased risk of
1.30 for CHD for non-smoking wives of husbands who smoke more
than 20 cigarettes per day (57).

The risk of CHD is reduced markedly after cessation of

£
smoking. The Framingham study data (25) and other studies
suggest a 50 reduction of CHD risk due to smoking, after 2

years of cessation. The exact time required for the ex-smoker

P
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CHD mortality rate to return toc the non smoker rate is still

unresolved, but may be as short as 5 to 10 years (58).
4. HYPERTENSION

Over the past 30 years the concept and treatment of HBP
have evolved greatly. The cPiterion for HBP treatment has
evolved from a diastolic BP greater than 130 mmHg in 1960 to
115 mmHg in 1967 to 105 mmHg in 1970 to 95 wmmHg today. .If
prevention of cerebrovascular disease, renal failure and heart
failure has been successfully achieved by HBP treatment, it 1is
still debated whether HBP reduction prevents CHD or not (59).

All CHD observational studies concur: elevation of both
systolic and diastolic BP increases the riakusf CHD for both
men °~ and women following a curvilinear dose-response
relationship (Appendix 11). The Framingham Study data indicate
that the relative risk of developing CHD is 1.5 with a systolic
BP é}AO mmHg and a diastolic BP 690 mmHg compared with a
systélic BP (140 mmHg and a diastolic BP (90 mmHg. The risk
becomes 2 to 3 with a systolic BP €160 mmHg and s diastolic BP
690mmHg. HBP 1is co;related with overweight (60) which in
itself is also a risk factor for CHD (59).5

CHD is considered to be the most frequent complication of
HBP (59), but, except for malignant HBP, reduction of CHD
incidence or wmortality by antihypertensive therapy  has
continued to elude us (19, 61). For the few stﬁdi@{\ahowing a

beneficial effect of antihypertensive therapy on CHD\ most of

the beneficial effects were restricted to some sub-groups such

-
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as the elderly or the markedly hypertensive. Understanding of
why antihypértensive treatment has failed to show significant
CHD reduction to date is of utmost importance.

One explanation could be that the relationship between HBP
and CHD is one of correlation of a bidirectional causal
association (61). An alternative hypothesis has received
increasing attention. For moderate and pild HBP, the
beneficial effects of medicated antihypertensive therapy could
be offset by detrimental side-effects (59). Such effects are
already known: the potassium-depleting action of diuretics
(59), increased ventricular e;topic activity in long term
thiazide therapy (62), increase in triglycerides and in total
plasma cholesterol as well as decrease in high density
lipoproteins (HDL) and HDL/LDL ratio occurring both with
diuretic and beta-blocker treatments (52,63), and increase in
the serum level of glucose with both diuretic and beta-blocker
treatments. As,antihypertensive therapy can be life-long,

long term exposure to otherwise unnoticed short-term effects

may have a significant impact on CHD.

5. CHOLESTEROL AND DIET

S.1. Association Cholesterol And CHD

'

Longitudinal studies such as the F;amingham Heart S@ldy
have clearly established the contribution of blood lipids to
the risk of CHD (Appendix 12). A total cholesterol 1level
6270mg/100ml carries 8 4 fold risk of CHD compared to a total

cholesterol level ¢ 200mg/100ml (64). LDL cholesterol is the
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most pertinent element with high levels of LDL:- increasing the
risks of CHD. Increased)LDL contributes to the slow process of
atherosclerosis formation (65). On the other hand HDL has a
protective effect against CHD mortality (Appendix 13).
Coefficients for LDL and HDL appear of equal, although
opposite, importance in prediction of CHD disease. It is not
clear which combination or which ratio of components of blood
lipids is the best predictor of CHD. The Framingham study seems
to favor the ratio LDL/HDL (66).

S.2. Factors associated with cholesterol

The LRC s8tudy (66) in &4 countries (Canada, USA, USSR,
Israel) confirms that both genetic and <cultural factors
contribute to levels of c@oleate?ol. Cultural factors include
dietary habits, particularly total calorie intake, intake of
calories from fats and cholésterol, and most importantly,
percent:ge of total calorie intake from saturated fats.
Cultural factors include anthropometric factors such as weight-
hekght index. Demographic factors include age, 8ex and race.
.Behavioral and medical factors such as smoking, exercise and
alcohol habits are important as well (66).

a) Race: LDL and total <cholesterol are low;r and HDL
higher for adult males of the black race. This is consistent
with the reported lower incidence and mortality from CHD for
middle-aged black males (67).

b) \Hormones: hormonal supplement use by post-menopaysal
women appears to be protective against CHD, Hormone users

showed lpwer LDL and total cholesterol and higher HDL ‘values
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and lower mortality rates from all causes after follow up (66).
Oral contraceptive (OC) as a risk for CHD varies greatly among
studies and remains very controversial (68). However there is
little doubt of the increased risk of CHD with concurrent
smoking and OC use (69).

¢) Smoking: levels of HDL are sharply reduced by cigarette
smoking in a dose response relationship (70). However it seens
to be mostly related to HDL 3 which is non-related to CHD (70).

d) Diet: dietary habits correlate with serum cholesterol
(total, LDL, HDL) and with CHD mortality. High intake of
saturated fatty acid cholesterol and low intake of
polyunsaturated and in particular monounsaturated fatty acid
cholesterol (high"Keys Score'") are associated with increased
risk of CHD (71, 34).

Mono and polyunsaturated fatty acids cholesterol increase
the HDL/total cholesterol ratio (7;;;-removing saturated fats
reduc;s LDL cholesterol level twice as fast as adding poly-
unsaturated fatty acids (73). - Changing fatty acids intake can
modify the average plasma cholesterol 1level by predictable
amounts (74). Metabolic studies suggest that alcohol intake
increases HDL fraction 3 rather than fraction 2; HDL fraction 2
being a sttonéer protective factor for CHD,.

5.3. Association of Diet and CHD

Several studies suggest that dietary cholesterol per 1000
kilocalories 1is related to CHD mortality (34,39,71,75).
Vegetable protein, polxaaccharides and dietary fibers are

inversely correlated with CHD. However these relationships and
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the caloric intake are no longer significant once subcapsular
skinfold is taken in;o:;ccount (39, 75). There is little doubt
that dietary change can have an impact on cholehterol level
(73, 76, 77,—;;, 79, 80).

A WHO report states that the LDL cholesterol level for
middle-aged western adults should be reduced by 20mg/100ml to

approximate that of some Mediterranean populations at lower

risk of CHD.

5.4. Does Reduction Of Cholesterol Decreasse CHD Mortality?

a) Upper Quintile Plasma Cholesterol Level

LRCCPPT showed significant decreases in non-fatal and
fatal AMIs among men in the upper quintile of plasma
cholesterol level. However, the overall death rate was not
reduced by the intervention.

The Oslo trial, designed to test the effect of diet and
smoking intervention, after the 5 year observation period
showed Stgnificant reductions in the 1incidence of- fatal and
non-fatal CHD events. The incidence of sudden death was 47%
lower in the intervention group. However, it is difficult to

dissociate the effect of diet change from the effect of smoking

reduction (81). Therefore, a case finding strategy of high
risk patients might be justified. .
~

b) Population
Would & reduction in plasma LDL cholesterol level for the
majority of the population reduce CHD mortality rates? Should

wve establish population~based strategies to reduce LDL
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e
cholesterol levels? Dietary habits and exercise might be the

solution.

~

Natives from Japan who moved to Hawaii or San Francisco
and natives of India who moved to South Africa experienced an
increase in cholesterol levels and in the risk of CHD after
having changed their dietary habits (73).

Animal studies show that a diet-induced reduction 1in
cholesterol produces marked regressloé of goronary
atherosclerotic lesions. To date there is no study on humans
with a diet-alone intervention to confirm these findings.
There is evidence of important changes in the diet of Americans
in the past 20 years with a decrease in average cholesterol
intake from 600 to 800mg/day (Framingham study) to less than
500mg/day (LRC studies). Moreover, serum cholesterol levels
decreased from 225mg/100ml for middle-aged persons in the 1950s
(Framingham study) to 205mg/100ml in the early 1970s (LRC
studies). Similarly, the mean serum cholesterol level for the
upper quintile has changed in the same perfiod from 265mg/10991
to 240mg/100ml. Despite an estimated 32 to 5% decrease
accountable to methodologic and measuremest variations, there
is still a net 5% to ,7¥ overall serum cholesterol level
reduction in the US over the past 20 years. (73).

It Q;s been estimated (Coronary Primary Prevention Trial
(82) that a 1Y decrease in plasma cholesterol level induces a

2% decrease in MI incidence and sudden death. From' these

figures one could estimate that the American overall plasma
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cholesterol level reduction of 5% over the past 20 yea;g;could
account for 10X of the 26% reduction in CHD mortality.

Men who di; of AMI have atherosclerotic lesions over an
average 602Z of their coronary artery surface area. Young (20
years old) Americans or Europeans have atheroslerosis over 1-2%
of their coronary artery surface area. Reduction in the growth
rate of coronary lesions can produce a major decrease in risk
of death from CHD.

Since higher 1levels of education and 1income are
associated with better information, better dietary habits and
lower cholesterol levels it is reasonable to suggest population

based campaigns for dietary changes as a strategy to reduce CHD

incidence and mortality. 4
6. ALCOHOL

Ethanol abuse is an etiologic factor in heart disease such
as congestive cardiomyopathy and arrhythmias which increase the
risk of sudden death (83),

The finding that light alcohol drinking (¢2 drinks a day)
has aﬁ apparent protective effect against CHD (84, 85, 86, 87)
is controversial. The drinking pattern, rather than the amount
of alco;ol,consumed,,might be an important factor. Sporadic
heavy drinking might be harmful in contrast to the apparent
protective effect of a light tegulgr patkern (88). Whatever
protective effect alcohol may have on CHD for 1light drinkers
must be weighted against all other detrimental,realth effects

such as raising BP. Epidemiologic studies face problems in
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‘} obtaining valid information on the quantity of alcohol consumed

(89); therefore, results must be interpreted with caution.

7. OBESITY )

Numerous studies provide evidence that obesity 1is an
important risk factor for CHD. The Framingham study (23),
affter 26 yeara‘ follow~up, shows the Metropolitan Relative

"Weight Obesity Index,r on initial examination, to be a good
predictor of 26-year risk of CHD events, including death in men
.aud womnen, independently of age, ‘cholesterol, systolic BP,
smoking, left ventricular hypertrophy or glucose intolerancg.

Furthermore,-weight gain after the early adult years conveys an

additional CHD risk.
8. EXERCISE \

Despite the lack of certain evidence of the role of
physical inactivity in CHD, epidemiologic evidence suggests
that exercise protects against CHD (90,91,92,93). Habitually

_physically active men are at lower risk of CHD than their less
active counterparts, Participation in vigorous sports or

physical activity confers an additional protection. (92,93).
b . Epidemiologic studies also suggest a dose-response
relationship between physical activity and reduction of CHD
risk; 2000 kilocalories per week of exercising or 1 hour of
hard physical activity reduces CHD risk as well as mortality
from AMI once it has occurred. The risks of physical activity

are minimal compared to the benefits and can be reduced by
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education and guidance. Lack of physical activity is probably
not as important a risk factor for CHD as smoking; cholesterol
and HBP. However, physical activity helps to decrease

cigarette smoking and emotional stress.
9. SOCIOECONOMIC STATUS

Socioeconomic disparities are associated wi;h levels ;E
CHD risk factors. The lower the 1eve1/6% education (pro for
socioeconomic level), the higher the CHD risk factor lavel
(94). The biggest risk factor differences involve smoking,

obesity, physical activity and alcohol intake for men age 20-

o/

69; and smoking, overweight, obesfty, high diastolic BP and

physical inactivity ¥or women age 20-69 (94). If the decline

in CHD risk factors is greater for higher socioeconomic levels,
as , it seems, it may be that the CHD decline is greater in

higher socioeconomic groups and that the difference will

increase in the future.

10. OTHER RISK FACTORS

Diabetes mellitus is a well known CHD risk factor.
Although diabetes is associated with hypertension and
hyperlipidemia, diabetes per se appears to be an independent
risk factor for CHD. Fasting gluco;e level is an independent
risk factor for CHD following a dose-response curve (70).

Thrombosis activity correlates with CHD. Acetylsaliecylic

aciq\(ASA), certain fish oils, exercise, and moderate alcohol
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intake may stimulate fibrinolysis and therefore can be

benefici1al against CHD (70).

Type A behavior has been correlated with 1ncreased risk of

CHD. However, this 18 uncertain since type A persons are more

prone to report symptoms therefore leading to a detection bias.

Oral contraceptive (0OC) use and smoking are 1ndependent

risk factors for CHD but they potentiate each other. Female OC

users who smoke have an 8- to 10-fold risk of CHD compared to

non-0C using, non-smoking women (94).
Age, gender, cholesterol, HBP, smoking, SES and others are

all factors which 1ncrease the risk of CHD. Once CHD has

occurred, therapeutic maneuvers can be undertaken to reduce

morbidity or death from the disease.

o —
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\
D. CHD MANAGEMENT
-
Over the 1last 30 ars, CHD management has become more
sophisticated and aggressive. Improved care has become

generally more available to the population. Accessibility (g/
care has increased, along with the public awareness and

professional knowledge.
1. PREHOSPITAL RESUSCITATION AND CARE

Sixty percent of AMI deaths occur before hospitalization.
Emergency medical services (EMS) are now better equipped and
training in Basic Cardiac Life Support (BCLS) and Advanced
Cardiac Life Support (ACLS) have become more common. Also ,a
suspected <coronary patient is much more likely to be
hospitalized, evaluated and monitored (12), and therefore to
benefit from CHD management. Prehospitalization <cardiac
resuscitation is 8successful when applied very early (within 5
minutes) and to patients with ventricular fibrillation (VF),
However the results of EMS intervention are much less
successful when observed in the population at large because of
the large proportions of CHD which occurs as unwitnessed SUD,
and because patients are often reached only after 5 minutes of
cardiac arrest. Moreover, most of the time BCLS rather than
ACLS 1is initially applied. Goldman (95) estimates that a

maximum of 4% of the mortality decline can be attributed to EMS

and prehospital care.

-
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2. CORONARY CARE UNITS (ccCU)

Control of arrhythmias and, in particular, wventricular
fibrillation (VF) is a major role of CCU. VF usually occurs
within lf* hours of AMI onset. Only 4.5%2 of hospitalized
patients with AMI will present primary VF; of those, 88% will
be successfully resuscitated and discharged alive (95).
Arrhythmia prophylaxis 18 efficacious _at high doses of
medication but such dosages have not used been routinely 1in
most hospitals (95). Other CCU management tools 1include
pacemakers, intravenous nitrates, streptokinase, pulmonary
arterial catheters, after-load reduction therapy and calcium
channel blocking agents. All of these save individual lives
(95), but it is uncertain to what extent they have had an

impact on the population CHD tortality decline.

3. MEDICAL TREATMENT OF CHD

o

* Even though drugs such as nitrates, anticoagulants and
antiarrhythmic agents were available earlier, it was only with
the wide use of Jpeta blockers by the mid 1970's that CHD
treatment improved with regard to symptoms (95). Only beta-
adrenergic blockers have been submitted to RCT, and have shown
significant improvement of survival after AMI. Based on
survival rates of patients eligible for 1long term medical
therapy after AMI, Goldman estimates that medical therapy could

account for 10X of the mortality decline between 1968 and 1976

(95).
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4. CORONARY ARTERY BYPASS SURGERY (CAB)

CAB procedures 1increased from 30,000 in 1970 to 239,000 in
1982 1n the USA. CAB surgery has been shown effective with
triple vessel disease and left main lesion (European
Cooperative Coronary Surgery Study); but CAB does not seem to
prolong life markedly for single or double vessel disease (96).
Assuming maximum potential benefit from CAB (2.6% reduction 1in
annual mortality rate for surgery patients), CAB surgery could

account between 4% to 5.5% of the CHD mortality decline (3,95).

4
The knowledge of CHD has greatly evolved over the last

half centpyry, CHD management and accessibility to care have
greatly 1improved in Canada. Similarly CHD diagnosis and

certification has undergone various changes.

7.
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E. DEATH CERTIFICATION AND CODING

Mortality and morbidity rates are a major source of
information on the health trends of populations. Increasingly,
government departments, private agencies, and the public at
large are using mortality and morbidity statistics as inputs in

their planning and policy decisions related to health programs,.

2 v

1. DEATH CERTIFICATION

Since it has legal implications, the completeness of
registration of d%ath has been justifiably assumed to be of
high aorder. The death certificate provides informationm on the
numbers of deaths, the socio-demographic characteristics of the
deceased and on the conditions that led to death. In Canada,
death certification 1is performed on provincial forms which
contain basically similar information even if slightly
different in their format (samples of the Nova Scotia and of
the Saskatchewan death certificate forms are shown 1in the
appendices 14 and 15).

In Canada, mortality reporting has attained . virtual
completeness (97). The death certificate is filled out by the
attending physician or by the coroner, and compiled by the
provinces and territories. Under the federal-provincial
agreements dating back to 1919, Statistics Canada has been
employing these records to produce national data on mortality.
Accuracy on death certificates tends to be high for such

characteristics as age, sex and date of death (98).
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The physician's major contribution is certification of the

cause of death. For each death, only one condition must be
reported as the "underlying cause of death". With today's
increased life-expectancy, people are 1likely to die with

multiple <conditions or with conditions affecting several
organs. Assignment of . one cause ;f death 18 becoming
increasingly difficult and may not represent the disease
processes resulting in death.

The diagnosis on the death certificates must conform to
the International Statistical <Classification of Diseases,
Injuries and Causes of Death (ICD). The amount of information
available for death certification depends on the familiarity of
the certifying physician with the medical history of the
deceased. Therefore, differences 1in medical practices and
diagnostic labelling between areas or years can be important
for comparative purposes.

If death is due to an accident, or suspicious of homicide
or suicide, or if a physician was not in attendance, the death
has to be certified by a coroner or a medical examiner. A
medical examiner is a physician usually trained in forensic
pathology, whereas a coroner need not be a pathologist or even
a physician. As a result, the accuracy of death certificates
may vary greatly.

The medical certificate of death includes the cause of
death including immediate, antecedent and other significant
conditions contributing to death (appendices 14 and 15).

Accuracy of the statements of cause of death appears to be
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related to the current state of medical knowledge, completeness
of the information available at the time of death, .and the
variety of ways in which death certificates are completeh.

The death certificate has been recognized as an inaccurate
record of the cause of death (6,7,99). Death certificates are
no more accurate for deaths occurring within an institution,
where one would expect better knowledge of the patient's
illnesses by the health professional certifying #he death (6).
In general, the diagnostiec 1information available for death
certificate coding is often sketchy and imprecise (99).

Autopsy findings, added to pertinent clinical information,
could be used to improve death certificate accuracy. However,
autopsies were performed only on 16% of the deaths in the
United States in 1978, and the information is rarely used to
supplement or revise death certificates (7).

A Connecticut study of 272 randomly selected autopsy
reports and corresponding death certificates showed error rates
of 252 of deaths which were falsely attributed to the
circulatory system, and 182 which were not but should have been
attributed to this system, leaving a net gain of 7%.

Within the circulatory system category, there was a 757%
disagreement as to the specific cause of death (7). Similarly,
Engel in 1980 (100) showed that vascular diseases were
overreported on death certificdtes by about 10X when compared
with autopsy report. Cameron (101) showed also that diagnostic

discrepancies increased markedly with age: among those over 75

J
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years of age, fewer than half of the death certificate causes
of death were confirmed by autopsy reports. B

Comparing death certificates and clinical information
obtained from hospital records shows gimilar discrepancy.
Grttelsohn (102) showed that concordance declined with patient
age and length of stay, and also that error Trates were
associated with cause of death and with the hospital where
death occurred. Concordance varied little between the years
1969 and 1975. For the Circulatory system, ICDA 3 digit
agreement rate was 73% and for AMI the agreement rate was 87%.

Hospital discharge codes, if sufficiently accurate, could
be used as a convenient proxy for 1incidence trends of AMI.\
However, a study in Texas found a false positive rate of 39%
(of discharge diagnoses 410 (AMI) which were found to be in
error by a Cardiology Surveillance study) (34). In Finland, a
study found a true positive rate of 84X for AMI in hospital
discharge data (104).

Accuracy of the statements of cause of death and
completeness of the information are reflected in the
nosological coding of the death certificate. The clearer and

more precise the information of the death certificate, the

better will the coding be (99).
2. DEATH CERTIFICATE CODING

The International Classification of Diseases (ICD) is the
basic classification system in use for national and

international morbidity and mortality statistics.

-
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The ICD has been revised about every 10 years to reflect

progress in the classification of disease. The sixth revision

represented a milestone as the underlying cause of death was

defined, and the international form of death certificates was
devised. Recognizing the ICD-8 limifations the United States
Public Health Service published the "Eighth Revision
International Classification of Diseases Adapted for Use 1n the
United States'" (ICDA-8). Canada, in 1968, adopted the ICDA-8.
In 1975, the Ninth Rev;sion (ICD-9) provided for morbidity
coding 1including primary care, mwmultiple cause <coding, and
und®erlying cause of death coding. ICD-9, now 1n use/worldW1de,
was adopted in Canada in 1979.

The ICD-9 codes appea;(in the "Tabular List of Inclusions
and Fourth Digit Subcategories" in the ICD first volume. This
is a numerical list of all the ICD-9 three digit caxegorieg and
each of their subcategories. The three digit categories (001-
99QQ are divided into seventeen broad groupings of diseases and
injuries (chapters). Each chapter 1is divided 1into main
"blocks" of the content of the chapter. Each "block" is formed
by several three digit codes. Some are allocated to important
individual conditions, others to groupings of less important
conditions assignable to the "block". Three digit categories
may be divided in four digit categories to further
differentiate the component parts. Chapter VII, Diseases of

the Circulatory System, contains the Coronary Heart® Disease

"block" with the ICD codes 410-414 (Appendix 16).
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Such revisions as well as other factors can result in
variations in the death certificate coding comparability ratios

and in the accuracy of reported mortality rates.
3. DEATH CERTIFICATE CODING VARIATION

Once the death certificate has been completed, there is
the possibility of error in recording the cause of death for
mortality statistics data during the nosological codi;g phase.

Mortality rates can vary as a function of true variations
in diseases overtime as well as s8ecular changes 1in death
certificate coding. In the latter case, variation can be due
to the quality of the death certificate supplied by the
recording physician (illegible data, migssing documents,
erroneous registration numbers), the nosologist (competency,
preferences) and key entry errors (105).

Migsclassifications vary with respect to their composition
in terms of their ICD digits. Depending on the usage of the
vital statistics, the severity of error will vary according to
the digit erroneously coded.

Each of the ICD revisions has produced some disruption in
the comparability of cause-of-death statistics. The Ninth
Revision assigned different codes for some diseases within the
circulatory system category; chronic CHD, 412 in ICDA-B, became
414 in ICD-9., According to the Ninth Revision, Cardiovdscular
Disease unspecified (ICD-9 No. 429.2) has been separated from

CHD (ICDA-8 No. 410-414). This separation accounts for a large




part of the reduction in chronic CHD mortality rates in 1979
(97).

A recent American study showed that preferences for
generalized cardiovascular terms rather than terms specific to
the heart resulted in artifactual changes in chronic CHD
mortality rates between 1978 and 1979 (106). Whereas the AMI
mortality rates (ICD-9 No. 410) remained stable, the overall
CHD mortality rates (ICD-9 No. 410-414) artificially decreased
by 122 (appendix 17), when ICDA-8 coded death certificates were
recoded according to ICD-9 (97). However, the CHD mortality
rates data from Statistics Canada do not show that difference
in the yearly trend for 'Canada or for reqions.

The change between the Eighth and Ninth Revisions of the
ICD did not affect the coding of AMI (ICD-9 No. 410). The AMI
comparability ratio of deaths assigned according to ICD-9 to
deaths assigned according to ICDA-8 is 1.0003 with a 0.9898 to
1.0108 95% <confidence 1limits (Appendix 17). Therefore,
differences observed in AMI mortality rates would not be due to
the changes in the Ninth Revision of the ICD.

Accuracy of nosological coding of cause of death was
studied by Curb et al. in 1983 (107). 1Inter-observer
variability showed different agreement rates for different
causes of death (three digit ICDA code agreement among three
noaqlogists). The three nosologists agreed on 86.52 of death
certificates; two of the three nosologists agreed on 882 of the
death certificates . Intra-nosologist agreement varied from

94.6X to 96.6X for CHD,
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o In Canada, death certificates ire nosologically coded at
the provincial level, then collected at the federal level in
Statistics Canada. Because there a4re only one or two
nosologists per provinces coding differences among provinces

X ‘1

may arise. Any important systematic differences between them
would 1lead ¢to apparent 1important differences i& mortality
statistics between provinces.

A quality assessment study from the Health Division at
Statistics Canada in 1981 (98) reported an overall 7.18% coding
error rate for "Cause of Death". Two thirds of the errors
involyed the fir;t two digits, of the 4 digit code. The location
of the erroneous digit is of importance. A first digit error
results in death being attributed to causes related to the
wrong body systed, (e.g. diseases of the circulatory system and
mental disorders). A sBcond digit ervror involves two different
diseases 1in the saﬁe system (i.e. hypertensive disease and
CHD). A third digit error involves different forms of the same
disease (i.e. AMI and Angina Pectoris). A similar study in

1979-1980 (105) showed important variation between provinces

over time. Overall cause of death coding error rate varied

from 2.2% to 18.1% between provinces.

Therefore, there is some possibility that death
certificate codihg variation explains some of the differences
observed in CHD mortality rates between the years 1970 and 1984
and between the Provinces of Nova Scotia agngasﬂqtchewgn.

The following two chapters will cover the Methods and the

o Analysis and Results of this study. .

.1
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CHAPTER THREE

METHODS

1. DEATH CERTIFICATE CODING VARIATION ASTERTAINMENT

The objective of the study is to determine if there have
been vaéiations in CHD death certificate coding in Canada, and
if so, what the net effect of such variations has been on the
time and geographic differences observed in the reported
Canadian CHD mortality rates.

In order to compare coding practices between years and
provinces, , a4 standard has to be  used. In Canada, death
certificate coding 1is performed provincially, but nosology
training is done nationally by 4 member of the Nosology
Department from the Health Division in Statistics Canada. This
nosologist is also responsible for the adjudication of any

death certificate questionable in Canada, and is the resource

person for all of the nosologists in Canada. Therefore, this
nosologist was accepted as the standard for this study and
recoded the samples of death certificates according to the
1CD-9. ’ , ‘
Depending upon the result of the recoding of a death
certificate by the study nosologist, we can define true or

K

false positives and negatives in the original coding as

indicated b&‘

\
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death original code study recoding
certificate (410/0other) (410/other)
true 410 410 -
positives
false 410 other
positives
true other other
negatives

~
false other 410
negatives
" -
)
¥

2. SAMPLING STRATEGY

Since the Ninth Revision of the ICD introduced changes in
chronic CHD but not in AMI death certificate ;oding, we decided
to focus the study on AMI death certificate coding. In Canada,
Nova Scotia 1is the province with the highest CHD mortality
r;teq, Saskatchewan with the lowest. Also, Nogva Scotia and
Sagskatchewan are the focus of a laréﬁr study on CHD, the Nova
Scotia Saskatchewan Cardiovascular Sthdy. For these reasons,
this study focuses on the same two provinces. Since AMI was
introduced in 1969 in the ICD,it was decided to examine death
certificates from 1970 so that errors due to the adaptation to
a new classification would no longer apply. Also, we decided ;

to examine death certificates from 1984, the last year -with

complete data available. /
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A stratified random sampling procedure was employed with

-

the two prov.ncea, Nova Scotia and Saskatchewan, and the two
years, 1970 and 1984, representing the four strata.

The samples were selected using the death certifioate
regigttacion numbers. The sample 1list of death certificate
registration numbers was obtained with a random sample
selection computer program. Because of confidentiality of the
death certificate, the sampling procedure was performed within
the Health Division 1n Statistics Canada.

Two series of samples were obtained. The first series was
obtained to examine the true and false positives rates, and
included random samples of death certificates originally coded
I1CD-9 No.'AIO. In the firat series the nosologist knew that
410 was /the code originally assigned. The second series was
Obtained to examine the true and false negatives rates, and
included random samples of all death certificates for -each
et}atu . In the second series, the death certificates were
submitted to the stddy nosologist for recoding without masking
the ICD code originally assigned.

Ingorder to examine the effect of the knowledge of the
originaiocode upon recoding by the study nosologist, the second
series of death certificates were submitted again for recoding
six months later, after the ICD code originally assigned was

blocked out. The six month interval prevented the nosologist

foom remembering the code assigned the first time.

-y
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3. SAMPLE SIZE

Between 1970 and 1984, age adjusted mortality rates for
ICDA codes 410 and 410-414 in Nova-Scotia, Saskatchewan and
‘Canada declined by a minimum of 242 for 410-414 in Saskatchewan
for males between 1970 and 1984 and by a maximum of 47% for
410-414 1n Nova Scotia for males between 1970 and 1984.
Table 3

Age-adjusted mortality rates for 410\§¥d 410-414
Canada Nova Scotia and Saskatchewan

1970 1984 % DECLINE
i I
254.4 133.2 47%
318.1 211.9 34%
169.5 124.9 27%
240.2 183.5 24%
217.5 128.4 41%
4)10-4 312.3 210.1 33%
FEMALES 1970 1984 ZDECLINE
NOVA-SCOTIA
410 108.3 62.6 427%
410-4 i61.7 106.2 34%
SASKATCHEWAN
410 72.17 49.0 32%
410-4 120.9 80.5 33X
CANADA
410 89.9 55.9 382
410-4 157.2 101.7 36%

In order to explain the CHD mortality rate decline between

1970 and 1984, the combination of false positive (FP) and false

negative (FN)_error rates variation would need to produce an
»
overall effect leading to a 241 decrease in CHD mortality
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rates. Since there is no available study on AMI or CHD death

certificate coding error rates variation, computations are
. ‘ -

based on the Canadian estimate error rate of 8% for overall

death certificate coding in 1979 (37).

3.1. False Positive

Sample sike computation are based on the following
premises:
- we are interested in performing pair-wise comparisons

between the four strata on the outcome variable, the false

positive rate.

- we are also interested in performing several pair-wise

comparisons on different combinations of strata.
'

- we wish to be able to detect a difference of at least
five percentage points between the two strata on the outcome,

if such a difference exists.

- we assume a type-1 error of 0.05, and a type-II error of

*

0.20.

0, >

- we agsume a binomial distribution of th outcome

variable, with a maximum variance of \p(l-p)=0.5 .

When testing hypotheses concerning differences between
indepeneent population proportions, the detectability of a
given ééfect size, under fixed conditions of type-I error and
sample size, will vary depending upon where the proportions
fall along the scale between zero and one. However, when the
proﬁ?ftiona are submitted to an arésin transformation, equal

differences are equally detectable (108).

L
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According to the arcsin transformation tables proviged by Cohen
(108), assuming a two-sided type-I error of 0.05, a sample size
of 400 per stratum gives a power of .8l to detect a difference
of 5 percentage points between false positive rates for

different strata.

" 3.2. False Negative

Similar assumptions apply to the false negative rates as
the false positive rates. However, because of considerations of
time and cast, we were limited to sample of n = 200 death
certificates per stratum. ‘

According to tables using the arcsin transformation and
provided by Cohen (108), assuming a two-sided type-I error of
0.05, a sample size of 200 per stratum gives a power of .80 to

detect a difference of 8 percentage points between the strata

false negative rates.

4. DATA COLLECTION

LY

Random samples of death certificates from Saskatchewan and
Nova Scotia for the years 1970 and 1984 were obtained from the
Health Division of Statistics Canada. In order to avoid any
breach of confidentiality, the data obtained were stripped of
all personal identification.

The study nosologist recoded the death certificates on a
coding sheet (Appendix 18) according to a coding manual. The
following variables were examined:

- age and sex
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‘a;«.

- proportion of D.C. recoded as 410
- distribution of codes used for D.C. not recorded 410
- place of death
The data were entered on an IBM P.C. computer using the
DBase III Plus software. The dbase data set was then

transferred to a PC SAS dataset for examination and analysis.
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CHAPTER FOUR

!

ANALYSIS AND RESULTS

1. NET EFFECT OF MISCLASSIFICATION

The status of initial coding {e.g. by the province) when

compared with a standard (e.g. federal coding) can be displayed

as a 2X2 table: ‘
Study Nosologist
- positive negative
positive a b a+b
provincial .
coding
negative c d c+d
a+tc b+d N

(a+b)/N is the provincial estimate of positive rate.

(a+c)/N is the study (standard) estimate of positive rate.

(b+c)/N is the proportion of misclassified positives,

However, given the study nosologist coding as the standard, the

net effect of misclasgification, i.e. the differemce between .

the study and the provincial rates is:

(a+b)/N - (a+c)/N = b-c/N

Example: for a province with a population of one million,
a 7/1000 death rate, a provincial estimate of 20X deaths due to
AMI, and the following distribution of death certificate status

after federal recoding:
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federal coding

AMI Other
AMI 1260 140 1400
provincial
coding
Other 70 5530 5600
1330 5670 7000

Even if the death certificate misclassification rate 1is
30/1000, the net effect of misclassification <creates a
provincial overestimate of 10/1000 deaths due to AMI when

compared with the study standard.

. A

2. AMI CODING VARIATION NET EFFECT

The sample size for each of the four strata (years 1970‘
and 1984, and provinces of Nova Scotia and Saskatchewan) for
the first se;ies of death certificates (with AMI as the cause
of death assigned by the province) were the same (n=400).
Also, the samples sizes for the second series of death
certificates (with the cause of death assigned by the province
being different from AMI) were equal‘(n-ZOO). Therefore, in
order to compare the net effect of death certificates
misclassification on AMI mortality rates between the provinces
and the years, it is not necessary to adjust the samples to the
population estimates of the proportion of :deaths due to AMI.
As the samples are the same for each strata the relative rates

of false positives and false negatives within each strata can

be directly compared amongst the samples drawn.

The goal of the analysis was to determine if systematic

variations in,coding errors contributed to the differences in
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() AMI mortality rates by year and by proyince. Agreements 1n

coding do not contribute to our understanding of errors so the

D-
concordant pairs of coding were excluded in the analysis. If

the errors were random, the discordant pairs should be equally
distributed between the false posgitive and false negative cells
of the table., The McNemar test can be used to determine if the

errors in any one table equal numbers of discordant pairs in
‘ N
- ese twg cells (109).

-

Where there are two or more 2 X 2 tables, the chi square

o~

o
/ =y . . ’
test of \ association €Em—he used to determine if the
N\ I

. . N . A b I3 13
digtribution of dxggordant paﬁrs is consistent across the
Th%ﬂ tégg was used to compare the distributions
\\ _ o
of discordant pairs by year and by province, as can be seen in

\
}
!
i

tables (109).

Table 4.

~

Table 4

Distribution of false positives and of false negatives, -
Nova Scotia and Saskatchewan, 1970 and 1984.

NOVA SCOTIA SASKATCHEWAN
1970 1984 1970 1984
false
positives 9 5 17 3
false 1 [ 0 o1

negatives
X2=3.87, 6df, pé.10

There were no significant differences. However, as five
of the eight cells had expected values less than five, the chi
square estimate of the probability of association is noﬁ*very

o stable or reliable. Consequently the Fisher's exact test was

for pairwise comparisons of discordant pairs amongst the
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different cogbinations of strata. None of the comparisons were
statistically significant (table 5), which means that the
relative distributions of false positives and false negatives

were equal in the 1970 and 1984 samples for Saskatchewan and

Nova Scotia.

Table 5
Pairwise comparisons of discordant pairs
Nova Scotia and Saskatchewan, 1970 and 1984

comparing Fisher's exact test
p-value (two tailed)

Saskatchewan 1970 and

Saskatchewan 1984 .19

Nova Scotia 1970 and

Nova Scotia 1984 1.00

Nova Scotia 1970 and

Saskatchewan 1970 .37

Nova Scotia 1984 and

Saskatchewan 1984 1.00

Nova Scotia and

Saskatchewan .56

1970 and 1984 .17 ™,

By submitting the same samples of death certificates twice

to the nosologist, we were able to estimate the nosologist

intra-rater agreement: of the 800 death cetigficates submitted,

19 were discordant (percent agreemept = 8.9%; kappa= .93)

(table 6).
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Table 6

Nosologist inter-rater agreement

First Codin&

AMI
AM1 . 142
Second
Coding
Not 12
AMI
154

3 FALSE POSITIVES

3.1. Samples Description

3.1.1. Sex

NOT AMI

7

639

646

Examination of samples with regard to

ratios of death from AMI (ICD No.410) are

data for Canada as a whole.

Statistics Canada
Mortality Data

Z males
Canada 1970 66.9
Canada 1984 61.6

Saskatchewan 1970 69.0
Saskatchewan 1984 65.5
Nova Scotia 1970 66.2

Nova Scotia 1984 59.0

The observed decrease 1in

Sample
2 males

65

149

651

800

the male/female

consistent with the

(with 95X confidence
intervals)

66

/*\\ 59

67.
64.
66.

54,

.8

.5

the male/female

(+- 3.3) °
(+- 3.4)
(+- 4.6)
(+- 4.7)
(+- 4.6)
(+- 4.9)

AMI mortaliti

ratio in the sample is similar to the general population trend

observed over the same period.

"x-w
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3.1.2. Age
Data examination of samples with rethd to age at death
from AMI reveals some important differences.

Table 7
Mean Age of Death from AMI

by Province, Year and Sex
(with 95X confidence intervals)

1970 1984
men women men women

SASK 69.0 7.4 71.0 79. 4
(1.4) (1.5) (1.4) (1.6)

NS 67.0 is 74.5 70.0 76.3
(1.3) (2.1) (1.5) (1.7)

As expected, the mean age at death from AMI is higher for
females than for males. There is a significant (p<.001l)
difference of 7.7 years in favor of the women (76.9 +/-.9
years) over the men (69.2 +/-.7 years).

- ATlso the mean age at death from AMI increased between 1970

“\

and 1984 for both provinces, It increased significantly by 2.3
years in Saskatchewan (71.7 to 74.0), and by 3.3 years in Nova
Scotia (69.5 to 72.8). This is consistent with the increase in

life expectancy observed in the general population during thé/%5

game period of time,

<

2 o L

However, a significant (p=,05) difference of 1.7 years in
mean age at death‘from-AMI between Saskatchewan (72.9 years)
and Nova Scotia (71.2 years) was observed. This could reflect
a real difference in age distribution between the two

provinces, or it could be due to the large samples.
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3.1.3,

Examination

death from AMI

Place of Death

of the

shows some

frequency

Table 8

distribution

significant differences.

place of

Frequency distribution of place of death from AMI

Death
EEEe—

within an
T
institution

outside an

institution

Unknown

Nova Scotia
(15.5%) in death from AMI within an
and 1984 (54.9% to 70.42).

decrease in unknown place

(with 95% confidence intervals)

SASKATCHEWAN

1970 1984
66.4 71.9
(4.7) (4.4)
26.3 27.6
(4.3) (4.4)
7.3 0.5

(2.6) (0.7)

x2=52.97, 6df, p<.001l

observed

significant

(p <

NOVA SCOTIA

1970

54.9
(4.9)

39.3
(4.8)

5.8
(2.3)

1984

.05) increase
institution between 1970
Saskatchewan observed a significant

of death between the years 1970 and

®
1984. The very low proportion of unknown place of death for

Sagkatchewan

19%4 remains

unexplained

since

apparent reason for such a dramatic difference.

there 18 no

The difference in proportion of death from AMI observed in

an institution

between

Saskatchewan

Nova

Scotia was

significant in 1970 (66.4% and 54.92), but the differences were

not significant in 1984.

iy

4 o
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1)
The mean age at death from AMI varies whether death occursg

within an institution (72.7 #/-.7 years) or outside (70.3 +/+

1.1 years).

3.2. Univariate Analysis 4

All of the death certificates in the sample were coded AMI
(ICDA 410) as the cause of death. The death certificates
recoded with AMI (ICDA 410) as the cause of death were then
considered as true positives. Accordingly, the death
certificates recoded with a cause of death other than AMI (ICDA
410) were congidered as false positives.

The variables Age,"Year and Province show some significant
differences ain the proportions of true and false positives.
Examination of the mean age at death shows a significant
difference of 4.3 years between true positives (71.9 +/-.6
years) and false positives (76.2 +/-3.3 years).

The proportion of false positives was significantly
(p=.002) greater in 1970 (3.28%) than in 1984 (1.01%). The
proportion of false ©positives was significantly (p=.003)
greater in Saskatchewan in 1970 (4.3%).

Table 9

Distribution of True and False Positives
Saskatchewan and Nova Scotia, 1970 and 1984

Saskatchewan Nova Scotia

‘1970 1984 1970 1984
True positives 379 395 388 393
False positives 17 . 3 9 5
(percent) (4.3) (.8) (2.3) (1.3)

.;ﬁ,y ?
Xx2=13.93, 3 df, p<.003

)
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Inspection of the contribution of each province for each
year to the chi square reveals that Saskatchewan contributes
9.04 to the total chi square figure of 13.93. The variables
sex and place of death do fnot show any sigﬂificant differences
in the proportions of true and false pdositives.

Examination of the distribution of place of death does not
show any significa:é[(p=.09) difference between true and false

ere significant differences in the sex

positives. Nor ar

distribution of tryYe and false positives examined either by

subgroup of year, ovince or province by year.
Table i@
: Sex Distributiqn of True and False Positives
true positives fal\se positives
Men 977 (97.4%) N 26 (2.6%)
Women 578 (98.9%) 7 (1.1%)

———

X%=2.88, 2 df, p=.089
We examined :whether the number of underlying and
contributing causes of death influenced the rate‘ of false
positives .
Table 11

Comorbidity distribution of
true and false positives

<<
Comorbidity 0 1 ) 2 3 4 5
T?ﬁe positive 346 535 415 188 60 11
False positive 1 .9 11 8 3 2
Proportion of ! /
false positive .003 .017 .026 041 .048 154
x2=18.27, p=.00002 ‘
Afchi square for trend was used (109), and the trend was
siénificaqt. Therefore, . the error rate increases

e

T3 — E————
» -
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(§ significantly with the number of comorbid conditions listed on

the death certificate.

{

3.3. Multivariate Analysis
We examined the samples with the wuse of a logistic
regression model with false positive/true positives as the

dependent variable and Year and Province as the independent

variables. The results show a significant coefficient for the !
| variable Year. The odds ratio of a false positive death
i .
~ certificate coding in 1984 compared to 1970 is .299 (95% CI:

.134 - .665).

Table 12
Logistic regression coefficients
(with Year and Province)

.
En

P 4

coefficient std.error Z

year -1.206 407 -2.96
(0=1970, 1=1984) . ;

province -.368 353 -1.04

, (0=SASK. 1=NS) .
A model with Province, Year, Sex as categorical
Al
« independent variable and Age as a continuous variable yields R

significant predicting valués for Year, Sex and Age. None of

the interaction terms between Province, Year and Sex was

significant, ///,X L
3
Co
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0 Table 13
Logistic regression coefficients
(with Year, Province, Sex and Age)
PROVINCE s YEAR SEX AGE
0=SASK. 0=70 0=F in years
1=NS 1=84 1=M
« -
coefficient -.289 -1.368 1.305 .058
std.error .357 419 .408 .016
Z -.81 -3.27 3.2 3.5
odds ratio .75 .25 3.68 1.06
95%CI: lower .37 .11 1.65 1.02
upper 1.50 57 8.21 1.09 -
The odds of having death certificate <coded false
positive increased with the year 1970, mwmale gender and
3 increasing age.
a
, Py \
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CHAPTER FIVE

DISCUSSION AND CONCLUSION

1. CHD MORTALITY RATES

CVD and CHD proportional mortality rates increased
markedly through the first half of the century (8). This was
largely due to important declines in competing causes of death
(8). Factors such as evolving medical terminology, and death
certificate co;ing fluctuation concurrently occurred (8).
Taking into accountrthese potential source of artifacts, there
remained marked increases in CVD and CHD mortality rates
through the first half of the twentieth century,.

In the late 508 and early 60s, the patterns reversed. In
Canada, between 1970 and 1984, CHD mortality rates declined by
33% for the males and by 362 for the females. By the mid
19708, all age, trace and s8sex groups and all regions had
experienced declines in CHD mortality rates (14)., However, the
differences between %rovinces between gender, {ges, and
socioeconomic status remained; the young and those of high
socioeconomic status having benefited the most.

Also, there were important differences in CHD mortality
rate patterns among the countries ‘in the world. It is
difficult to conclude that co¥ntries with low mortality rates
are 8till recording an .increase, and countries with high

mortality rates have already reached the turning point and now

are recording a decrease (18). '
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o Also, within some countries (Canada, USA), the ge;graphic
distribution of CHD mortality rates differs from the geographic
distribution of the rate of decline. This opens the possibility
that the factors, which past cumulat;ve experience is mos t
important for the level of CHD mortality, may not be the same
as those factors which had the greatest impact on the CHD

mortality decline (11,14).

2. CHD MAJOR STUDIES

‘ The Framingham Study assessed the relative risks
asgociated with the main CHD risk factors: age, male gender,
hypertension, cigarette smoking, high serum cholesterocl levels
and obesity. Other studies confirmed the Framingham Study
findings to be generalizable to the white middle-aged Amdrican

men.

The Seven Countries study established that the relative
risks associated with CHD risk factors vary in populations
with contra;ting cultures.

Prospective cohort studies on homogeneous disease-prone
sub-populations, and secular changes of risk factors make the
assessment of attributable risks and etiologic fractions
difficult for larger populations for a particular time,.

Nonetheless, repeated findings from all the observational
studies in the 19508 and the 1960s consistently pointed tow;}ds
the same risk factors and comparable strengths of aasocia}ion
across popglationsi '

o Several studies failed to show positive effects wupon

populations  from -<interventions designed to reduce CHD risk

$
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factors. The in;erventions were on strong CHD risk factors but
did not account for the "beneficial effect latency" period, or
for secular trends of risk factors. Moreover, the relatively
short follow-up period favored the cases to come from, the
subjects who, at entry, were between disease occurrence and
disease detection; these subjects, in whom disease may «have
already occuared, were probably those who would benefit the
least from risk factor reduction ,since presence of risk factors
may not be important predictors of disease outcome.

Therefore, in the light of these conflicting findings, one
can question whether the CHD mortality rate decline reflects a
decline in incidence rates secondary to risk factor reduction,

a reduction in <case fatality rates or are simply due to

artifacts.

3. INCIDENCE RATE DECLINE

A reduction in‘risk factor levels in the population at
large will lead tov!reduced .incidence rates of disease.
However, most CHD cases in the pOpuI?tiou occur among the yvast
proportion of low risk subjects rather than the few high risk
ones, This supports large population based interventions

€

(110). What evidence is there of CHD risk factor reduction in
the population?

3.1. Age \

a

S8ince mortality rates are age standardized, the aging of
the popu&ation should not affect CHD mortality rates. However,

cohort effects can influence age adjusted mortality rates. It
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can be argued that a fifty year old male in 1970 would have a
better health status than his counterpart in 1950 because of
better 1lifestyle and higher socioeconomic status and better

access to care. The cohort effect would then tend to reduce

the CHD relative risk of age.

3.2._§ender
There is no indication of change in gender proportion that

could influence CHD mortality rates.

3.3. Fat Consumption and Cholesterol

Undoubtedly there are problems with the wvalidity of
measurement of dietary intake over the last 20 years. However,
food consumption data from the US Department of Agriculture
shows that per capita consumption of whole milk has decreased
by 25%, butter by 33%Z, and eggs by 15%. As well, per capita
consumption of vegetables and fruits hdw:ldbreaaed by 75% (73).

Data based on the Fr;mingham study show that daily
cholesterol intake decreased from 600mg to 800mg in the early
508 to less than 500mg in the early 1970s for a middle aged man
(26,73). During the same period, the plasma cholesterol levels
decreased from 225mg/100ml to 205mg/100ml (73). Even when
taking into account’ possible changes due to measurement
differences, the overall cholesterol level decreased by 52
between the 19508 and the 1970s (73).

A longitudinal study in Minneapolis and other studies
(0slo study, Western Electric study and MRFIT) showed similar’

regults.. Moreover, the LRCCPPT shows that a 12 reduction in
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cholesterol (mainly Total and LDL) results in a 2% reduction ‘of

AMI and sudden death incidence (49). Attempts at predicting
CHD mortalify decline from serum cholesterol reduction vary
from a 4.3% CHD mortality rate decline for a 5mg/dl cholesterol
reduction (111), to a 192 CHD mortality decrease for a//BZ
cholesterol decrease (49). However, these estimates are baged
on the absolute initial values of the populations under study.

One can then question how these estimates apply to the general

population or to populations from other countries.

3.4, Cigarette Smoking

In December 1983, 5.8 millions Canadians over 15 years old

(31%) were regular cigarette smokers (34X of men and 28.3% of

women). These proportions re;?>\p~sharp decreases from 1970,
z;articularly for men: 9.5 percentage‘points for the adult
population (14.9 percentage points for males and 4.1 percentage
points for females). This decline is consistent for all ages
and both sexes, although to a varying degree. There is evidence
that regular cigarette. smokers are smoking more cigarettes per
day., Between 1970 and 1983, the percentage of persons who
smoked 25 -or more cigarettes pe increased ,by 312 for males
and by 572 for females.

There is no doubt that cligerette smoking is a risk factor
for CHD and that there 1is a dose-response relationship.
However there are qu;stions about the shape of the doae;
response curve (exponential, linear or logarithmic) (112). The

L}

estimated decline in, CHD mortality rate due to smoking

reduction varies f;on 187 to 477 of the :)verall decline
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according to the different studies (112). There 1is s%%y"//—

uncertainty as to how long it takes for an ex-smoker to reach
the never-smoked risk level. Also, there is some discrepancy
between total sales of cigarettes and reported prevalence of

smoking in surveys (113).

3.5. Weight reduction and exercise

There is some evidence which establishes the beneficial
effect of exercise and weight control in reducing CHD risk
(114). However, despite apparent changes in exercise habits
(114), the average height corrected weight of Americans did not
change between 1960 and 1974 (95). Therefore it is very’
difficult to extrapolate the data on physical activity from

studies to population and it is thus difficult to assess the

impact of physical actiyity on CHD mortality decline (114),.

3.6. Hypertension

Even if the potential value of HBP treatment to reduce CHD
mortality risk is substantial, there is conflicting evidence of
its reality. Data from the U,S, Natfonal Health Survey
indicate no reduction in HBP prevalence between 1960 (18,22)
and 1971 (18.1%) (95). However, data from studies such as thf
Framingham study and the Hypertension Detection and Follow up
Program indicate a two to four fold increase in the proportion
of HBP patients treated, effectively between 1960 ‘and 1970,

Therefore it is difficult to estimate the impact of HBP

treatment on CHD mortality decline. A comparison of life

_s;;he, risk factors, dnd CHD management changes in 1l countries

- T ———
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&

Lﬁ L




17

seems to favor improvement in lifestyle and in the risk factor
situation supporting primary prevention in a major role for CHD®™
mortality rates declines (4). .

Therefore, there is evidence that risk factors reductions
had a role in CHD mortality decline, (115). However, if there
is a threshold to the beneficial effect of risk factor
modification, this would influence the ©population based
strategies where risk factoé modification would be minimal for
the majority of the population (116). General CHD management
has evidently improved, but the question is to what extent that

improvement contributed to CHD mortality decline.

4, REDUCTION OF CASE FATALITY

It seems likely that the combination of CCUs, surgical
treatment, prehospitglizatign care and medical treatment 1is
partially responsible for the observed CHD mortality rate
decline. Gillum et al. observed a reduction of 8% for men and
26% for women, 30 to 74 years old in hospital mortality rates
for AMI between 1970 and 1980 (21).

Similarly, in Goteborg (Sweden) a declining trendf‘was
noted between 1968 and 1977 in mortality rates after AMI. The

differences were not statistically significant but samples were
small (117).

In a large employed population, Pell et al (118) found
that beginning in 1969 the 24 hour case fatality rate declined
_.moderately and’ there was a sharp drop in the 30-day case

fatality rate for those who syrvived 24 hours after onset of

attack (118).
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Weinblatt et al. examined the post-AMI prognosis of men
enrolled in the Health Insurance Plan in the 1960s and 1970s.
They showed no difference in long term prognosis between;Tﬁe
two decades (119).

WHO \data from seventeen centers does not show any
mortalit;/ rate difference for) secondary prevention after AMI
(120). Altogether, about 40X of the CHD mortality decline
could be attributed to medical care (secondary prevention)
distributed as CCU 13.5%, HBP treatment 182 (?), long term
medical treatment of CHD 10X, CAB surgery 4%. However, it is
difficult to evaluate if the reduction in case fatality is
directly due to better management or to reduced severity of the
dibease as a constquence of risk factor reduction.

However, better knowledge of the disease, and better

diagnostic methods have led to decision-making, diagnostic and

¥

coding changes. d

-~

5. DIAGNOSTIC AND CODING ARTIFACT ~

It is poésible that secular trends in disease diagnosis,
death certification and coding practices have affected CHD
mortality rates. }

Secular changes in diagnostic practices have occurred
following increases in knowledge on the natural history of the
disease, increased availability of evolving diagnostic
procedures, incr;ased accessibility to <care and increased
expectations from the populations. Several attempts have been

made towards diagnostic validation (Cardiology B8urveillance

Stnhy, Monica Project, Nova S8cotig Saskatchewan C{rdiOVAlculnr

.

e
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Study). The false positive rate has been as high as 39% (103).

One can imagine that better knowledge and diagnostic procedures

would reduce the false positiwve rates, therefore artificially
»

reduce CHD mortality rates.

Some death certification factors would favor artificial
increases in CHD mortality rates: death certification tends to
over-report CVD when compared to autopsy report (100); over-
reporting of CVD also increases with age particularly over 75-
years of dge, and the population is aging. Conversely the
increased proportion of death within institutions would favor
better knowledge of the individual disease process leading to

death; this would favor a decrease in the over-reporting

3

tendency.

Death certificate coding practices have undergone secular
changes also. The 1last revision, the Ninth Revision of the
International Classification of Diseases,; introduced in Canada

in 1979, produced an artificial reduction in chronic CHD
a
mortality rates.

If the decline was a coding artifact, there likely would
have been a shift from CHD to other canﬂiovgsculaf diseases.
However, mortality rates for other CVD categories declined as
well: rheumatic heart disease (ICDA 390-398) by 34.77%,
hypertensive heart disease .(ICDA 400 to 404) by 48.92 and
cer;brovascular disease (ICDA 400 to 404) by 27.92. Together
with CHD, these categories represent 90X of all CVD mortality.
Moreover, theé mortality rate from gll CVD declined by 21.4Z.

<

L
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Thus the CHD decline cannot be explained solely by a coding

shift to other CVD. ’
It cannot be explained by a coding shift to amother cause
of death either since mortality rates for most other causes of
<

death declined as well, the major exception being the increase
of cancers. A coding shift from CHD to\malignant neoplasms
would be hard to imagine (121).

This study shows that for AMI death certificate coding the
error rates do not vary significantly between the years 1970
and 1984, Therefore, AMI death certificate coding practice
variation ca;not explain, evén partially, the CHD mortality
rate decline observed during that period of time.

Also the death certificate coding error rates do not
differ significantly between the provinces of Nova Scotia and
Saskatchewan for either year, 1970 or 198%.0 Thet;fore, death
certificate coding error rates cannot explain these two
provinces CHD mortality rate differences.

It is interesting to notice that death certificate coding
er}or rates increase significantly with age. This is similar to
the findings observed for error rates in diaghosis and death
certificate accuracy.. ‘

Also death certificate coding error rates_ increase

significantly with the number of comorbid conditions noted. on

the death certificate,

g
W

1,
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6. CONGLUSION

The CHD mortality rate decline observed in Canada over the
last quarter of the century is probably real. There,is little
doubt the reduction of CHD risk factors in the population leads
to reduction in incidence rates. The geographic and
chronologic pattern of ongset of the decline in CHD mortality
rates appear to be more similar to other patterns of,socia}
changes ({(diet, smoking) and shifts in productive economic
activities than to diffusion of medical care (11).

<

Individuals have benefited from reducing their risk

#

faétors and from improved CHD fanagement. However, the impact
of CHD management on CHD mortality rates is difficult to assess
at a population level.

Diagnostic and death certification inaccuracies may have
lead to artificial reductions in CHD mortality rates. However,
the lack noticeable shifts within the CVD category or with
another category makes it difficult fo; thé diagnostic and
death certification inaccuracies to exp‘ain an important part
of the CHD mortality r;teé decline.

This‘}Cudy aﬁows that death certificate coding variation
cannoc'expiain, even partially, CHD mortality rates decline.
The study also shows that death certificate coding error rates

increase with age and the number of comorbidity expressed on

the death certificate. .

KRR
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* highest rate among provinces
+ second highest rate among provinces

. APPENDIX I
Age Standardized Mortality Rates, of 1984, By Province, Ages 25-74 \
B.C. ALTA SASK. MAN., ONT. QUE NB' NS PE1 NFLD
Ischemic Heart M 207.8 203.5 214.3 229.1 252.9 259.8 240.5 260.0 267.6 + 270.3 *

‘Disease F 64.8 64.7 57.8 78.8 87.2 89.7 104.3 * 85.2 65.0 100.8 +
Cerebrovascular M 30.0 36.2 32.2 36.5 35.8 41.8 % 34.9 34.7 31.1 39.9 +
Disease F 23.8 28,9 23.0 25.1 24.8 25.8 + 28.6 % 23.0 22.1 23.4
Cancer of Trachea/ :

Bronchus/]_ ung ™M 0.2 70.2 66.8 76.9 90.6 117.4 + 117.9 * 96.0, 107.2 { 85.9
o and Other F 31.2 27.4 23.1 -30.9 32.4 28.5 22.8 37.4 » 17.5 17.7
Breast Cancer F 36.2 34.3 32.9 39.8 43.4 42.4 35.4 39.7 45.2 36.9
Diabetes Mellitus M 8.1 9.7 7.4, 7 15.0 11.4 16.1 16.5 + 21.4 19.3 13.1

F 6.7 5.7 7.0 10.9 9.1 11.4 + 10.3 10.4 6.6 15.1%

Chronic Bronchitis, o - PR -

Emphysema and M 23.3 28.7 24.0 183 24.7 33.3 % 33.2 + 28.9 25.6 43.7
Asthma F 11.4 9.7 8.9 9.5 9.1 - 9.7 11.7 + 13.9 &* 8.5 8.2
Cirrhosis of Liver M 17.1 25.5 17.5 17.1 20.3 20.4 + 16.2 13.1 6.7 7.4
F 8.1 11.0 9.6 11.2 = 8<9 7.1 5.7 6.0, 6.1 3.2

Kidney Disease M 4.5 3.6 5.6 1.1 5.7 7.4 * 4.3 5.0 . 4.9 6.9 +
: F 3.8 4.1 4.5 + 3.5 3.9 3.8 3.3 5.1 # 1.9 3.6
MVT Accidents M 20.4 27.9 35.0 = 14.4 16.2 23.4 28.5 19.3 33.1 13.1
- F 11.0 11.7 11.3 6.2 7.3 6.6 12.0 + 1l.6 16.7 3.1
Suicide M 26.4 35.4 28.9 20.7 23.4 32,3 + 28.2 24.9 30.0 14.0
F 7.5 13.5 6.3 9.1 9.6 9.7 + 4.0 2.8 7.1 1.5

] [) i
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APPENDIX 2 *

. AMI mortality rates NS SAS 1969-84

males and females, ICD No.410

Rate
per .
100,000
]
69 70 71 72 73 74 775 76 77 78 79 80 81 82 83 B84
’ YEAR

3 NS men + NS women ¢ SAS men A  SAS women
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APPENDIX 5

Rate per 100,000 Population, 1977
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APPENDIX 6

Change in Rate, 1969-1977
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APPENDIX 7

A

ONOUPrS OF COUNTRIES LISTED ACCORDI"I1 TO THE TRENDS OF THE ANNOAL CHANGE {X) OF
MORTALITY FROM ISCHAEMIC HEART DISEASE FOR THE 40-89 YEAR AGE GROUPS IN 1968-1977+

Chaege o Males Fomales
L d
Decrease — Austrelis - Aususfia — Austishe -
Belgium - Beigium — Belgique -
Conads - Finland — Finlands -
Fwnlond - France -
isrpol - Isroel — Israel -
Jopan - hafy — hake -
New Zesiand L Jopon — Jspon _——
Norway - New Zealand — Nouvelle-Zélande -
Unlted States of America —_ Switzeriond ~ Suisse -
United States of Americs — Etats-
Unis d" Amérique --
Increase — Buigaris ++ 4+ Buigsria —~ Bulgarie +
Denmark + Hungsry — Hongrie +
France + Poland — Pologne + 44
frelend + Romanis — Roumanis + 4+
Hungary + Sweden — Sudde +
Polend + 4+ 4+ UK England snd Wales — R-U:
Romams ++ Anglarerre ot Gafles +
Sweden + Yugosiavia — goslavi +4
UK Northern reland +
Yugosllv\\. L F+ 4
No change ~ Austris Austria
Czechosiovekia Canads
Garmany, Fedeorsl Republic of Crechosiovakis
Oonmnark
Notheitands Germany, Federal Rooublic ol
lialy
Swatzertand Neotherlands -
UK England snd Wailes ketand
Norway
UK Scottend UK : Northern keland
UK Scotand
® Symbols ¢ end — (eprurent Segroes of b g reere or & pe yoor pvely erfoliows
== I%NAMN ++ >S%
- 1R-23% +4 IN49%
+ I1%-29%




APPENDIX 8

Rate per x
1000

X X Men

QO = =0 Women

200} /

1001 »°

30-34 3539 4044: 4549 50-54 5559 60-62
. Age ol enlry

Fourteen-year incidence of coronaryrfgart dis-
ease (all clinical manilfestations) according to age and sex.



APPENDIX 9

~

Tisk of mortality according to cigarette habn
(men 45 to 74 years, Framinghain Study, 20-year (ulloy.

up)
Average annual incidence per 1001
(age-udjusted)
| Cardiop- ~—————  Coronary
Cigarettes vascular  Sudden disease Ouerall
per da y mortality  death mortality murtuly )
None 7.0 1.3 2.4 120
<2 84 1.7 3.1 18
20 10.2 2.3 4.0 182
> 20 12.4 31 5.2 204
¢t value 3.80 2.66 3.11 547
Risk ratio L77 2.38 2.17 187

(> 20/none)
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APPENDIX 10

Oral contraceptive death rate per 160,000

Age (yrs) Alone Plus > 15 cig'stday _
30-34 2 16
35-39 4 23

40-44 7 ' 83

Cig's = ctgaretta.
Source: Andruth K. Jain, Popuhlnon Council.

L

Death rates for users of oral contraceptives
according to cigdarette smoking status
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APPENDIX 13

11 Logistic Risk Function Estimnates at
Average 4-Yr Follow-up, With
10— Fixed Values of Other Risk
Factor Variables:
» 9
o Smoking = None or Ex
S Quetelet = 2.6
Ly 8 Systolic BP = 130
£ LDL = 140  __
5 7- TRIG = 148
e
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Z 57
-g _—
s 4
5"
0 -
g 3
(8]
2
1-
05/ I !

| I T ] T

.30 35 40 45 50 55 60 65

Coronary heart disease mortality rates by level of high-

density lipoprotein (HDL) cholesterol in United States white males. From

the Lipld Research Clinics population. LDL = low-densily lipoprolein;
TRIG = triglycerides.
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Kind of work done dunng most of working life

8 Kind o business or indudtry in which worked

|sirTHPLACE!

[ TQ Month (by neme), day. Yyear of birth 10 AGA- vears) (Months) 1, (Deys) (Hours) :(Mmufou
BIRTHDATE | I under ! if upnder '
, 1 year t 1 day ‘L

11 City or pl-c—;#tl known) BN

i
i

Y
Province (or country) of birth

{

!
T
INDIAN !
!
3

12 Name of Band

- Treaty No

\

FATHER

"\

13 Surname and aven nawnes of father fprin: or fpe.

, 18 Moiden surname and given names of mother (print or ¢
MOTHER !

14. BIRTHPLACE —Place (1 known) Province (ar country)

X

BIRTHPL ACE ~Place («{ known) Province (or country) -

AL

19 Address of informunt

t
ll 17 Sigmature of informant
SIGNATURE
OF
INFORMANT

W [ 18 Relst:ionship to deceased

20 Date signed —Month, day, yesr

21 Burnal, cremation or other dispositign (apeciily) ate of bursal ovE-pouuon {month, day, year) ]
D'SPOS'T'ON( 23 Namre and address of cemetery, crematorium ar plal - )
FUNERAL | 24 Name and address of {unenlbda!wr {or person in #8) {(print or type)
DIRECTOR | )
pas MEDICAL CERTI! N\
25 Month (by namae), day, year of death T - M
2 B . e namnntlh
DATE [

~- -

-~




#) {print or lyps)

D

z 'z & \(oiRecTOR | -
‘g 2
I ¢
! :, = g MEDICAL CERTI ATH N\
@ = [ DATE 25 Month (by name), day, year of desth Approx. ‘
< o g . b interval be-
—- D OF DEATH i tween onset
_— - - & death
&€ o r—'ﬁ Port |
X ~ 5 5 art !
- i -
E x & llmm.dluu csuse of death (a) . ¢ ~
. o s dua fto, or as 8 consequencs 0/, N
w >
L Antecedant causes, ,
’ & : Wl any, mmving nse to f:.). to, or aa & cons equ.nc‘c. of ’ . v
- = CAUSE the immediate cause (&) ’
OF DEATH |sbove, stating the undor-
=~ iying cause last (e ' .
! Part 1 "
Other significant .
» eonditions contrnibuting- . .
‘ to the death but not —
causally related to the
immediate cayse (a) above
27 Autopsy B. Does the cause of death 29. May further informatuon
, - AUTOPSY ! being stated sbore take account - relating th the ~mase of
CPARTI- held? :‘ bri: of sutopsy fHndings? Yes No death be svailable later? Yrs No
CULARS - — —
—_— —t [ — — -
. =
¥ 30, If accident, suicide, homicide ot 31. Piace of injury (e ¢ home, 32 Date of injury 'Month (by name), dey vearn
4 ' ACCIDENT undetermmined (#necifi) tarm, highwey, etc ) -
' ' ' OR
‘\__/ VIOLENCE "33 How did injun occur’ (dc#cribe circumatancas) .
(1f apphcnbld! .
i . 34 If a woman, d:d death occurg;nlher Yes No 1S Was there a Yes No | 36 1{ '"‘yes ' give date of operauon
dunng pregnancy or within day s surg:cal
“!)!E:'gr'- following temmunation of pregnency? G : operstion? C D ’
T = =T
k PARTI. , 37 Operative Gindings?
’ b CULARS !
\" 38 1 cerufy that the above- Signature (attending phys:cian, coronsr, etc.) N Physician
. CERTIFt. | named person died on Attending attendang
| the date and from the physician after death Coroner
i CA T'JON H ceuses stated herein x D D D
{orrending .
£
physicion, | v~y
eme of
coroner, "‘*’E . physician or coroner (print ot tvpe) Address Date Month, day, year
l ¥ )
. (No'o"qns - \
CERTIFI. Regastration Divaimon 1 certify this return was accepted by me on thia date \ -
- CATION OF \ R
DIVISION ' . A
\REG'STRA' Date Month, dsy, year Signoturs ot Division Regustrar
L3 4223023 12 25-K0-T7
. v :
1 4 B
.
. N
a2t \

W




) ' APPENDIX 16

ISCHABMIC HEART DISEASE (410-414) -

Includes: with mention of hypertension (conditions in 401-405)
Use additional code, if désired, to identify presence of hypertension

p 0

410 . Acute myouédm infarction

Cardiac infarction ' ) Rupture:
Coronary (artery): heart
embolism myocardium °
- occlusion Subendocardial infarction
rupture Any condition in 414.1-414.9 spe-
thrombosis cified as acute or with a stated ‘(/
Infarction: duration of 8 weeks or less —~
* heart
myocardium
ventricle

411  Other acute and subacute forms of Ischaemic heart disease ,

Coronary: Microinfarct of heart
failure Preinfarction syndrome -
insufficiency (acute) Postmyocardial infarction or

Intermediate coronary syndrome Dressler’s syndrome

412 Ol myocardial infarction

Healed myocardial infarct
Past myocardial infarction diagnosed on ECG or other special investiga-

tion, but-currently presenting no symptoms

413 Angina pectoris

Angina: Anginal syndrome
NOS ‘ Stenocardia
cardiac >
decubitus
of effort ;

414  Other forms of chronic ischaemic heart disease

Excludes: cardiovascular arteriosclerosis, degenération, disease or
. sclerosis (429.2)
4140 Coronary atherosclerosis s

Atherosclerotic heart disease Coronary (artery) sclerosis |
Coronary atheroma

414.1 Anewrysm of heart -

Ancurysm: ~ Ventricular aneurysm )
coronary ) : ‘
mural —

4148 Other \

Ischaemia, myocardial (chronic) |
- Any condition in 410 specified u chronic or with a stated dumtion of

over 8 weeks - ]

414.9 Unspecified .

,Ischaemic heart disease NOS




- . APPENDIX 17 -~ ‘

MONTHLY VITAL STATISTICS REPORT “ |

Yble 1. COMPARABILITY RATIOS FOR 72 SELECTED CAUSES; BASED ON A STRATIFIED RANDOM SAMPLE OF 1978 DEATHS ASSIGNED ACCORDING -3 1) Tt
NINTH REVISION AND ON ALL DEATHS ASSIGNED ACCORDING TO THE EIGHTH REVISION OF THE INTERNATIONAL CLASSIFICATION OF DISEASE V.
: UNITED STATES . . ',
{Denominsiors of ratlos wers salected from the List of 70 Selectod Causes of Daath used during 1948-78 far the Anawal Summasy]
. —
N R
Number of desths , Error of the astimate 95 percent
susigned according to— of tha ratio in (J) conlidence imits®
Estimated '
R €o
Causa of death (Ninth Revision 6f the Ninth Eighth e .
. l Internationsl Clasticatfon of Disssses, 1976} Revision | Revision blmvz Standard n.:,,'.d"::, v Lower ‘
' . (estimatad {total fatlo ercor ' g pper ‘
from sample) count)? . ":“ R
- L
{1} (2) L&) (4} (s) o tn
. lschemic heart disease A104%4 | 667520 646,073 0.8784 0.0038 04| TUBBSY | 08709 \
. Acute myocsrdis! Infarction 410 319,562 313477 | . 1.0003 0.0054 - 08 1.0108 0.9898
B3 Ol'\?l’ scuts .r!d subscute forms of ischemic hesrt disesss......oeeensee 811 4,924 4,028 1.2224 0.0661 8.4 1.3519 1.0829
, Angina pectorit “3 1956 186 1.0484 0.0666 84 1.1789 | 09179
Oid myocardial Infarction and other forme ol.chronic Ischemic .
heart disessa..... 412,414] 242,839 322,382 0.7533 0.0085 0.7 0.7640 | 0.7428
e Other disasses of dium. 424 6,164 4195 1.2286 0.0227 1.8 1.2 11841
o i All other lorms of heart d «A15423.425429 143,701 49,810 2.5036 0.0257 1.0 25539 2.4531
H ' »

G i ' . T,
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