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ABSTR.ACT 

The recen t CHD mortality decline has been attributed to 

reduction of risk factors, improved management and potentially . 
to artifact. The purpose of this 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 lCD-9 

410 (Acute Myoêardial Infarction) and of 200 death certificatee 

from aIl causes ",for , the provinces of 

Saskatchewan for the yeàrs 1970 and 1984. 

Nova Scotia and 

The net effect of 

death certificates falsely coded ICD-9 410 and of the death 

certificates which should have been but were not coded lCD-9 

410 did not vary significantly by province or by year. 

Therefore, death certificate coding errors were unlikely to 

explain the differenti~l 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 certificatee. 
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RESjJ.KE 

Le d'c 1 in de la mor taU t' par maladie coronarienne oble rv' 

depub le d'but de. al1n'e. loixante e.t attribuê lune r4duct.ion 
, .,-

de., facteurs de risque., lune amêlioration dei trait~lIlents. et 

pOlliblement l des artlifacts. Le but de cette thése est 

d'6valuer l'im~act potentiel de la variation de la codification 

de. 'certificat. de décès sur le. taux de mortalit~ par maladie 

coronar ienne. 

De •• 'rie. de 400 certificats de d'~ls codifiés Infarctus 

Aiau du Myocarde et de •• 'rie. de 200 certificats de d4cês par 

toute cau.e pour le.' province. de Nouvelle Ecosse et de 5as-

katchewan pour le. année. 1970 et 1984 furent recodifié •. -
L'effet combin' de. certificats qui n'auraient pas dus être 

codifié. ICD-9 41~ et des certificats de décès qui n'etaient pas 

mai. auraient du être codifié. ICD-9 410 ne montre pas de varia-

tion .ilnificative entre les province. et le. ano4es. 

• Une variation dan. ta codification des" certificats de dêcês 

ne p.ut donc expliquer meme partie1lement le déclin dela 

mortalit' par .aladie coronarienne. Le, taux ~'erreur. dan. la 

codification de. certificat. de d6c~. augmentent de façon lig­

nificative avec l'a.e et avec le nombre de cau.e. contributoire. 
" . 

et .ou.-~aceQte. au d'c" enua'r'e •• ur le certificat de d'c ••• 
... 
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CHAPTER ONE 
, 

INTRODUCTION AND RATIONALE FOR THE STUDY 
1 

1. INTRODUCTION 

For the last half-century, th~L€ have been important 

variations in mortality and mor~idity rates for Coronary Heart 

Disease (CHD). Throughout the 1-940s and the 1950s there were 

marked increases in CHD morbidity and mortality 

industrialized countries. Some countries, including the USA 

and Canadac ' were considered 'to be experiencing CHD epidemics. 

In the 1960s, CHD m?rtality began fo decline unexpected~y among 

some populations and has continued to do 80. Followi"ng the 

initial surprise of the first report of the decline of CHD 

mortalit-y in '1974 in the USA 
.' 

(1), -severJ'l studies were 

conducted to explain ~his 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 ln the early 1970s. Some countries, 

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

CHD mortality decline (2,3). 
~ ~ 

Within countries, regional variations were observed in CHD 

mortality decline. The declines also varied by gender, age, 

ethnicity, and socioeconomic status. For example, the CHD 

mortality decline was partieularly pronounced f~r young, white 

males of higher 8ocioeconomic status. 
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o In Canada, the decline in CHD mortality rates began in 

1965. The onset of the decline occurred unevenly in the 

d i f f e-r e n t pro vin ces, g e ne raI 1 Y f 0 11 0 win g a we s t t 0 e a s t t r end • , 

The decline began 1.n the Prairies (1965) and gradually moved 

towards the Maritimes where it was not observed until the 1970s 

(4). Despite declines ln CHD mortality in aIl of the provinces, 

differences in CHD rates persist among the prov.inces. 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 ln mortality, CHD remains 

the leading cause of death 1.n Canada today, and lS the area of 

the MOSt rapidly escalating health care costs (5 ).~ CHO 

mort~lity rates are a crucial source o~ information for health 

care policy making. 

A ton e 0 f the f i r s t ma j 0 r con fer e n ces 0 r g a n i z e d b Y the 

National Heart Lung and Blood Institute, (NHLBI), in Bet~esda 

in 1978 (2), the following questions-were raised: 

is the CHO mortality decline du.e.. to reduction in the 

incidence of disease? 

- is the CHO mortality decline due to reduction of case . . 
fatality? 

• - is the CHO mortality decline a statistical artifact? 

Although there was general consensus that the total CHO 

o m 0 r t a li t Y de cl in e i s no t a 8 ta t i s tic a 1 art i fa c t ( 4), 1 i t t 1 e ha 1 

actually been done to examine the question of how mucb of the 
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decline could be attributable to such artifacts. ln 
.. 

part icular, no studies have assessed the degree to which 

changes in the nosologie coding from the death certificate 

could account for the reported variations in the CAD mortality 

decline. 

2. RATIONALE FOR THE STUDY 

Inaccuracies have been reported ln death ce~tification 

(6). particularly for the cardiovascular system (7). Moreover, 

qua 1 i t Y a s ses sm e n t s t u die s h a ver e po rte d i m pOl' tan t v li r i ~a t ion s 

in death certificate coding. Therefore. it lS pertinent to 

determine if death certificate coding practice varies over time 

and region in Canada. and the extent to which differential 

variations may account for the observed changes ln 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 ~th reserd 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 observational and intervention etudies, 

their contribution and limitations; the CHD riek factors and 
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management; and. finally the death certification and death 

certificate coding for CHD. The methods ulJed to ascertain 

death. certificate coding variation are developed in chapter 

three. The data analysis and the results of this study are 

presented ln chapter four. In the last chapter. possible 

explanations for the CHO mortality rates decllne are discussed. 

lncluded as posslbillties are the reduction of incidence 1 the 

reductlon of case fatality, and in particular the potentlal of 

the effects of differentlal death certlficate coding errors. 
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eHAPTER TWO 

REVIEW OF LITERATURE 

A. eHD MORTALITY 

1 INTRODUCTION 

The first report on CnD mortality decline in 1974 (1) was 

a great surprise. As can be seen in figure 1, the proportion of 

aIl death l''due to CHO had increased through the 1940s and 1950s 

to the point that observers thought it hsd resched an epidemie. 

The increase in the proportion of deaths due to enD was 

largely an artifact of the dec~ne in competing causes of death 

such as infectious, pa~ and diarrheal diseases (8). The 

trends in proportion of death due to.CHO were also distorted by 

ot he r f ac t or a auch as changea in the propor t ion 0 f evo de a th s 

due to cnD (Le. in the 1950s, concurrent reduction of deaths 

dUf to stroke and it)crease in CHO mortality), evolving medical 

terminology, and coding fluctuations within the CVO category 
4 

and between scute ~nd chroni~ CHO. 

The obtterved CHO mortality decline ainee the late 50s 

remaina largely unexplain"ed. iu thp USA, the ptoportion of 

deatha due to cardiovascular diseaae'l declined by 5.3 

percentage pointa, and CHD dec 1 ined by 7 ~ 1 percentage points 

betveen 1968 and 1982 (figure 2). The declin~ has reached"a11 

groupa of the Canadian society and the rate of decline is 

incre.sing. 

1> .., 
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o 2. CANADIAN PICTURE 

2.1. Canada 

CHD age-adjusted mortality rates for males inereased 0.5% 

annually from 1950 until 1965, then decreased 1.7% annually for 

the next ten years (4). For females, the CHD age-adjusted 

mortality rates remained stable from 1950 to 1960 at which 

point they began to deeline 0.4% annually, and the annual tate 

of deeline reaehed 2.4% in the 1970s (figure 3). ln Canada, 

CVD mortality rates have declined 53% for women and 34% fo~ men 

ainee 1951 (Statistics Canada). 

Even though the decline in CHO was seen in bo~h sexes ind 

aeross all age groups, the young (under 45 years of age) and 

those of higher socioeeonomic status appeared to have initially 

bènefited the most (9). The only group showing an increase in 

CHD mortality were women under th~-'~e of 30. 

Trends for aeute and ehronie CHD behaved differently from 

eaeh other. Morta,lity data on aeute CHO (available sinee 1969 

only) shows a persistent deeline aer088 aIl ages and bath 

sexes, whieh is, however, more pronouneed among the young male 

group. Chronie CHD age-adjusted death rates trends over the 

same period are less uniform than for aeute CHO. The 

male/female CHD mortality rate ratio of 2 remained relatively 

constant (4). Alea, the rate af decline ie increa.ing (4). 

o .. 
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2.2. Canadian Regions 

In Canada, the decline in CHO mortality rates has varied 

by regions. lt occurred firet in the Prairies in 1965, 

gradually moved to other provinces, and finally reached the 

Maritimes in the 1970s. Marked differences remain between the 

provinces (Appendix 1): some of the highest rates of çHn 

m 0 r t a 1 i t Y h a v e b e en 0 b s e r v e d i n Nov à - S-c 0 t i a, som e 0 f the 1 0 w est 

in Saskatchewan (figure 4). The di f fe rence be twee n the two 

provinces has gradually decreased both for total CHn mortality 

rat e s (fi g ure 4) and for AM l m 0 r t a 1 i t Y rat e s (a pp end i x 2). 

The difference in rates between the two provinces remaina 

unexplained. Greater reductions of CHn incidence rate may have 

occurred in Saskatchewan than in Nova Saotia, due to- greater • 

favorable changes in lifestyle or environmental factors in 

Saska t chewan. Also, Saskatchewan may have experienced a 

greater reduction in case fatality rate due to better medical 

care, bet-te-r acce s s to hos pi ta 1 s or del= reased sever i ty of the 

disease. The differences between the provinces may a1so be due 

to variations in diagnostic and coding practices. Finally, it 

could be a combination of the above. 

The Nova Scotia/ Saskatchewan cvn Project vas atruck to 
~ 

examine this difference, and data were collecte~ on the 

incidence of fatal and non-fatal AMI, rate of recurrent 

episodes, average intervals between episodes, episode fatality 

ratio, and the proportion of persans dying before, during 0/ 
subsequent to ~ospitalization for the years 1977 and 1978. T5. 

study uses objec t iV,e criteria developed to validate the 
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diagnosis of AMI collected from hospital and de.th records. 

These data are available in Canada at the provincial and 

federal levels, and a computer data linkage, system has been 

developed ta facilitate utilization of the data • 
• 

The results show that age-adjusted 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 fa 

over 45 and for females 50 to 64 years of age wi,.th 

Scotia/Saskatchewan incidence rate ratio of 1.5. There were 

striking differences in the inci~ence rates of fatal firlt AMI; 

they were 1.9 and 1.53 tÎraes gr\eater in Nova Scotia than in 

Saskatchewan for males and females, respectively. The 

recurrence rate of fatal AMI among ~emales is 1.82 times 

greater in Nova Scotia than in Saskatchewan. 
~ 

Most of the differences in CHD mortalit~ rates between the 

two provinces are accounted for by males (in Nova ScoHa over 45 

who have a higher incidence of fatal first AHI, and, who allo 

more frequently die before admission to hospital. 

Studies of geographically' or tempora Il Y different , 

populations are useful in identifying factors influencing 

cumulative incidence rates in comparilon to individual etudie. 

wh ich are be t ter sui ted 
. 

to asseas relative riaka a.socilted 

~with these factors (10). Wing et al. argue that the geogrlphic 
.. 

pattern of onset of CUD mortality decline il .imilar to other 

patterns of social changes, luch al aspect. of popular con.u.er 

.. 
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culture (diet, smoking and recreation) and shifta in ptoductive 

economic activities, but not to diflusion of Medical care (11). 

3. USA 

In the USA the proportien of deaths due to CVO increased 

'19% in 1900 to 55% in 1950 (8). 

Smith and Slater, Çhrough ordinary and cauae-de~eted life 

table analysis, examined the impact of competing causes of 

dea th; and th rough regre s s ion ana lys i s exami ned ·the impac t 0 f 

International Classification of Oiseases Adapted (ICOA) changes 

on trends in CVo (8). They conc Iude tha t, once changes in 

competing causes of death for males in the USA are taken into 

account, there were marked increases in CVO and CHO through the 

firat haif of the twentieth century (CVO death in the 1920s and 

1930s, acute CHD death in the 1940s and 1950s). , Conversely, 

CVD .mortality for fema1es did not increase during _the same 

periode There was eyidence of a major epidemic for the male 

population" but in the ear1y 1960s there was a reversaI in the 

epidemic patterns (8). 

In the 20 ye.ar span between 1963 and 1983 1n the USA, 

dec line of CVD in general was 36% and the dectine for CRO in 

particular waa 37%. In 1982 a10ne, approximate1y 500,000 fewer 

de. th, occutred in USA than deaths expected from the projected 

CVD de. th ;.. te. of 1963. The dec 1 ine in CVO 'morta 1 i ty accoun ted 

for • 26% dec lioe in the overali morta 1 i ty ra te (i. e. dea ths 

'. , 
... 

\ " , , .. . 
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due to .1ny dise.se or condition), and a 2.6- yeer increase in 

life expectancy st age 35 between 1972 and 1982 (12,13) • 

• By the mid 1:970s in the USA, a11 gro~'p's by age, race and 

sex had experienced r~arkably similar declines in CHO (14). 

However, some differences still persist such as the ~ale excess 
. 

of mortality, with a two to one CHn male/hmale ratio, al!.d a 

three to one male/female AMI ratio. CHD mortality rates remain 

associated with SES levels (15)~. Mos~ of the male CHn 

mortality declines sre attributàble ,ta acute CHO 'while, for 

females, Bubstantial declines were found for bath the acute and 

chronic aspeGts of CHD. This imp~~tant difference ma, be du~ 

to diagnostic cus~om, different manifestations of CHD in males 

and females, or to a differential impact of the factors related 

\ to the CHD mortality decline (14). 

Regional variations were observed also in the USA. In the. 

19508. CHD mortality rates were higher in New Rngland, and the 

S~theastern and Western states. In 1968, CHD mortality rates 

were the highest in S~theastern states jor white male:~d in 
.../' --
the -~orthea8 tern 8 ta te s tor whi te female's (16). For the perdod 

19~-1976, declines in CHD mortality rates were greater for aIl 

non-whites in the Southeastern states than in some Qther state. 

(New York, California, Utah) where the overall CHO mortality 

decline was greater (17). 

In the USA, the geographical variations in rates, the 

rates of change over time, and the rate dif ferenee. in CHO 

mortality by sex have b~en .tudied independentl; and conjGintly 

(11,14). There is i~Eon.i.tency between the 1Ieo,raphic 

" ' 
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,distribution of CHD mortality rates, and their rate of decline, 

(Appendices 3 and 4). Thi-s opens the possibility -that the 

fa ct 0 r s wh i cha cc 0 u nt for di f f e ~ n ces in CH D moI' t a lit Y rat es b y 

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

the declines ln mortll'lity rates. 

4 INTERNATIONAL PICTURE 

CHD mortality rates vary as much as 8-fold among Çhe 

countries ln the world as can be seen ln 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 1960s, the roost pronounced CHD mortality decline 

has been reported in the'USA (19) (Appendix 6). Among the Most 

incjustri~lized countries there have been four distinct tr{lnds 

of CHD mortality rates over th~ years 191)8-1977, for the 40-69 ,. 
age-groups (I 8) (Appendix 7): 

1. a11 countries outside of Europe experienced a CHD 

mortality decline among males and females (with the 

exception of Canadian females); the European experience i8 

not uniform; 

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

Switcerland) ; 

3. s ome other countries remained stable 6uch as UK, 

Ge rmany J Italy and the Netherlands; 
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4. some European countries experienced an increase, the 

Most l.mportant bel.ng the lncrease observed ln Bulgaria, 

Poland and Yugoslavla. 

For the perl.od 1968-1977, the greatest decreases for males 

were of 27% ln USA, and for females 38% ln Japan. The highest 

increases were ln P01and both for males st 86%, and females Bt 

66%. 

The rate of change ln CHD mortallty rates does not seem to 

de pend upon the lnitial CHD mortailty rates. Some countries 

ji.l th CHD mortailty rates ln 1969 experlenced marked 

decllnes (USA, Flnland), while others remained stable or even 

increased (Czechos 10vaklB, Ireland, Scotland, England and 

Wales). 

Some countrles wlth 10100' rates of CHD mortality ln 1969 

experienced marked decreases (lapan, Beigium), while others 

experlenced lncreases (Yugosiavia, Bulgaril\, Poland). 

There fore i t lS diltficuit to conclude th a t countries wi th 10100' 

mortality rates are still recording an increase, and countries 

with high mortality rates have already reached the turning 

pOlnt and now are recording a decrease (18). 

With regard to the proportion of CHD mortality ta CVD 

mortality, so~e countries) where CHD accounts for a low L 

propo~rtion of CVD deaths?recorded a CHD mortality rate increase L­

(Romania) and some a decrease (Japan). Conversely, countries 

with the highest proportion of CVD deaths attributable ta CHD 

experienced aa CRO mortality rate decline (USA, Canada), while 

others an increase (Sweden). Therefore it is difficult ta 
, .' 
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.:çonclude that the CHD mortality decline reflects a changing 
. 

pattern of proportional mortality within the greater CVD 

category. 

The appa rent CHD e p idemi est imu la ted much re sea r ch, bo th 

fundamental research trying to explore CHD mechanisms and 

potentlal therapeutic avenues, as well aB epidemlologic studles 

trying to asseBS 
( 
prone CHD risk factors and disease 

populations. 
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B. CHD MAJOR STUDIES 

(-

The marked increase ln morbidlty and mortality f~om CHD in 

the 1940s and 1950e epurred etudies of related riek factors and 

lnterventions. With the unexpected and unexplained declines 1n­

CHD mortality beginning ln the 1960s, major lnvestigatlons were 

undertaken to explain the trends. 

In thlS section the major studles, the key flndings, and 

their slgnlficance for understandlng the major CHD 

epldemiologlc trends are presented ln s~mmary form. 

1. OBSERVATIONAL STUDIES 

Observational studles of CHD, at lndlvidual and population 

levels, have been reported Sloce the late 1940s. Such studies 

were designed to explore the natural history of CHD, and to 

identify and assess the relative importance of various risk 

markers and factors to the onset of disease and mortality. 

The following studies are summarized in Table 1: 

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

-Seven Countries Study (29,30) 

-Minnesota Businessmen Study (31) 

-San Francisco Long~horemen 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) 
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o The focus of the discussion will be on the Framingham Study and 

on the Seven Countries study. The othe r oDile rva t iona 1 stud ies 

have confirmed the findings, but they added little to the 

overall understanding of CHO r1sk factors. 

The Framingham Study was the first major long-term cohort 

study of the naturlll history of CRO in a single"community. The 

study's purpose was to define the principal risk factors of 

CRO, and to assess the relative l'isks of CRO associated with 

the se factors. In this study, attention focueed on 

hypertension, cigarette smoking, serum cholesterol levels, and 

ohesity which had been postulated as major l'i~k t'actora which 

could be modified to reduce'the incidence of CHO morbidity and .. 
mol' ta 1 i ty. The Framingham Study also initiated estimations of 

the relative importance of risk factors through the use of 

multivariate ana1ysis • The Framingham Study multiple logistic 

risk functioh coefficients accurately predicted the incidence 

rates for AMI, mortality from CHO, and death from aIl causes in 

' .... four other US-baaed CHO observational community -etudies in the 

Pooling Project (25). 

Several other major community CHO epidemiologic etudies 

have since been conducted, most in the USA. The pal'ent-

popu lat iona for the US-based CHO studies were relatively 

similar. These 8tudiea confirmed the Framingham Study finding. 

to be genera1izsble to'white middle-aged American men. 

The homoll(:nei~of samples prOb~bly impeded better 

o asses8ment 'Jf the relative strength of CHO risk factor., 

whether alone or combined, and also po •• ibly prevented 
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identification of some components of risk factors. Variations 

on risk factor dist·ribution among different populations is 

likely to enhance the assessment of true risk association. The 

Seyen COUDtri.S study va. de.igned to ..... a riak fa~ iD 

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 low CHD cumulative incidence 

rate. Conversely, the Finnish cohorts, with lower proportions 

of sm 0 k ers and h Y P e rte n s ive 8 but w i th h i g he r 0 v e i a-Il ,1 ev e 1 s of 

s e ru m ch ole ste roi , ex h i bit e d a h i g h CH D cu mu 1 a t ive ~ n.c id e AoC e 

rate. Also, in the study of dietary differences between Greece 

and Finland, it was not so much the percentage of calories 

consumed from total fats but the percent age 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 low SES. 

Cohort median values for systolic blood pressure and serum 

cholesterol as independent variables in multiple regression 

an.lyaia exp~ain ~vo-thirds of the coronary death rate variance 

a~ the cohorts. Theae riak factora 

l.ter~ction of tbis chapter. 

wi 11 be reviewed ,in a 
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2. INTERVENTION STUDIES 

Once risk factors were identified, the interest shifted to 

assessing whether reduction of risk fàctors would resu~t in 

reducing the disease incidence 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) 

- Lipid 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 illustr.ate the main issues associated with 

as ses sin g the i ID pa c t 0 f ris k fa c t 0 r s'''''' r e duc t ion. 

The LRCCPPT showed reducing e.!.svated 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 

aIl-causes mortality rates betveen the tvo study groups limita 

the applicability of the atudy reBults to the general 

population vith milder risk levels. The clofibrate etudy 

8 h 0 v e d are duc t ion 0 f non fat a 1 AH l sig nif i c a n t 1 y gr e a ter in 

• 
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tbe treated group (cholestyramine) than in the control group. 

However the rat;s of fatal CHO wer~~milar in the two groupa ~ 

Moreover, the aIl causes of death rates were signifi~antly 

higher in the treated group than in the control group (46). 

Therefore, even if so intervention may. be beneficia1 for a 

specifie disease the net effect may resu1t in more harm th an 

good. 

MRFIT failed to show beneficial effects from a multiple 

intervention on the three major CHD risk factors. The probleme 

encountered in the MRFIT study demonstrate the difficulties of 

such studies. The 7 years follow up' wall short compared to ~he 

30 years follow up in the Fra~ingham study. HRFIT was based on 

risk factor rates and on disease occurrence rates from previ~~ • .. 
observation studies. Secular changes in these' rates occurred 

between the observat~,on studies period and that\ in which HRFIT 

was planned and then executed. The real power to de tec t the 

expected difference between the Sp,ecial Intervention (SI) and 

Usua 1 Care (UC) groups was reduc.ed fr om a p lanned .8 to les Il 

than .6 (42). Several other elements of the study (volunteers, 

multiple exami"nations, differènt phYllician attitude) 

con t ri bu ted to a gres ter than expec ted reduc t ion in rtek 

factor. and in mo~tality for the UC group. 

Moreover, the use of diuretic8 and propanolol for 

hyperteus ive sub jec t. inc reased their pla.ma li.e,.ida even if '. 
associated with a fat-lowering diet coun.elling which 

.ignificantly reduced plasma lipide amon. .ubject. not 

receiving hypertensive medication (52). 

i5 tJ. 



c 

o 

28 

Se ver a 1 f 8 C t 0' r 8 le ad t 0 di f f i ~ u l t i e s w i th 0 b a e r vat ion a l 

• studies and ta inconclusive or controveraial reaults from 

studies of interventions on CHD. 

3. DISCUSSION 

The e p ide m i 0 log ici n v est i g a t ion a f C H,D l a a cha lIe n g e . 

One cannot directly perform decisive experimental tests of 

disease causation, for feaaibility and ethical reasons. l t la 

difficult to imagine CHD etiologic trials on humsn aubjects 

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 studles, 

and accept their inherent limitations. 

Epidemiologie observational studies must take into sccount 

the biology of risk factors for the identification of the 

causal constituents of the dise~se, and also the relative 

prevalenCLof the risk factors ln the population under study. 

Even if two factors are of equal biologie importance in the 

causation of a particular disease, such as two necessary but 

non sufficient risk factors, these factors can be of qui te 

different epidemiologic importance. For instance, a rare, 

st rong 1 y as s oc iated ri s k fac t or wi Il have a h igh-e-r- Te-ta t ive 

riak but a lower attributable risk than a weaker risk factor 

with greater prevalence. Relative risks, attributable risks 

and interactions between risk factors depend on the relative 

prevalence of aIl the disease causal components (53). 

Observational and intervention studies, for reasons of 

fea.sibility, usually foeus on relatively homogeneous disease 
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prone subpopulations, and thereby reduce the 
I} .... 

various possiblt' 

combinations of risk factors under study. This in turn limita 

proper asseGsment of the varlOUS causal components of CHD, 

their relative causal strength, and p 0 s s i b 1 e- i n ter a c t ion s . 

Among them, measures of attributablè risk and etiologic 

f; a c t ion, soi m po r tan tin pub l i5 he a l th, bec am e d i f fic u 1 t ~ t 0 

assess from particularly homogeneou8 subpopulations under study 

at a particular time. 

Sorne studies were designed ta focus on several populations 

simultaneously sa that the distribution of risk factors of 

interest var les across a broader range, within the s tudy 

population as a who 1 e • Sud\' heterogeneity enhances the 

interpretatlon of the impact of risk factors. For instance, 

combinlng biologie knowledge related to fats as a risk factor 

in CHD with epidemiologic studies of Mediterranean and Finnish 

populations allowed better aS8ess~ent of the impact of diet on 

CHD. 

Even long prospective cohort studies, such as the one 

conducted ln Framingham, remaln prone to deficiencies. In 

these studies, the following factors were unknown: pre--study 

risk factors experlence of the cohort members, the induction 

period, varlOUS chronalo,gies of camponent causes leading to 

disease onset, the variable length of latency periods between 

disease occurrence and disease detection. Nonetheless, aIl the 

observational studies repeated similar findings from the 1950, 

and the 1960s consistently pointed towards the 8 ame riek 

, 
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factors and comparable strengths. of association Bcross 

populat ions. 

Most intervention studies displayed inconclusive results. 

The interventions were based on strongly associated risk 

factors wi th B biologic gradient, findings from several 

populat ion-based cohort, studies; and they tested· maneuvers 

coherent with the disease history and biology. But, the 

interventions were often unifactorial, and did not account for 

"effect-latency" pe rïod between time of int~rvention and 

observable beneficial effect on the disease (51). 

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 la to 20 years previously, sometimes on different 

populations, or on the same populations but with different ~isk 
J 

factor levels and incidence rates. 
',. 
Finally, apd perhaps most importantly, risk factors may 

no t be prognostic factors once the disease is present. 

Presence and severity of the disease remain the most important 

predictors of death from a disease. Risk factors reduction may ---
b e 0 f min i mal i m p 0 r tan cet 0 the e v:tl 1 u t ion 0 f the dis e 1< se. 

The re fore J the negative findings of the CHD risk factor 

intervention etudies were perhaps on1y inconclusive. 

o 
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C. CHD RISK FACTORS 

1. INTRODUCTION 

EpidemLologic studles strongly suggest that the maln ri9k 

fa c t 0 r s cau 9 a 1 1 Y rel a t e d toC HOa r e age, g end e r, H B P , ') 9 m 0 k i n g , 

and serum lipid abnormalltle9. There 19 som~ evi'dence for 

other lèss strongly associated rlsk factors includlng obesity. 

lack of phY91cal exerclse. personallty type and SOCloeConomlC ., 
status. These factors lndlvldually lncrease the rtsk of CHD. 

and a comblnatlon of several rlsk factors may greatly lncrease 

the overall rLsk of CHD or other CVD. 
r 

Multtvariate analysls 
Il 

has shawn ~lso that· HBP. smoking, and cholesterol a ct 

synergistically as risk factors for CHD (54). 

In thlS sectlon, each of the major risk factors will be 

revlewed. 

2. AGE 

For apparently healthy men, age lS the most important risk 

factor bath, for the incidence of CHD and for death from aIL 
, 

causes. Ideally, age should be treated as a continuous 

v~_riable and age standardization should be by single years of 

age. Severa1 studies (Framingham, Seven Countries, pooling 

Pro j e c t Res e 'a r ch Gr 0 u p ), g ive sim i l a r • e 8 u 1 t s : for i n s tan ce, 

the CHD risk of a 50 year old man lS 1.3 times higher than the 

risk of a 45 year old man; at age 59 the .iek of CHD death ie 

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

Smoking ia one of the major riak factors for CHD. In 

Canada, the population attributable risk fraction of CVO for 

cigarette smoking (ever) is high: 30.1% for males and 31.4% for 

females aged 45 to 64, 16.9% for males and 18.9% for females 

aged 65 to 79 (55). 

Overall mortality as weIl as mortality from CVD, sudden 

death or CHO lncre8se with the number of cigarettes smoked per 

day. Sudden death has the strongest relation with smoking dose 

(Appendix 9). Aiso an acute myocardial infarction (AMI) is 

more frequently fatal for smokers th an for non smokers (56). 

The harmful effect of cigarette smoking on CHO decreases with 

age, and i8 greater for men. Smoking 18 a very 8trong 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 is some 

harmful effects evidence of passive smoking among which ia 
.y 

increased risk of CHD. A 16 year follow-\1p population based 

cohort study in Japan shows a aignificant increased risk of 

1.30 for caD for non-smoking vives of husbands who smoke more 

than 20 cigarettes per day (57). 

The risk of CUO is reduced markedly after cessation of 

smoking. The Framingham study data (25) and other studies 

suggest a 50% reduction of CUO risk due to smoking, after 2 

o years of cessation. The exact time required for the ex-smoker 
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eHn mortality rate to return to-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 c?iterion for HRP treatment has 

evolved from a diastolic BP greater th an 130 mmHg in 1960 to 

115 mmHg ln 1967 to 105 mmHg ln 1970 to 95 mmHg today. ,If 

prevention of cerebrovascular disease, renal failure and heart 

fai1ure has been successfu11y achieved by HBP treatment, it is 

still debated whether HBP reduction prevents CHn or not (59). 

Ail eHn observational studies concur: elevation of both 

systolic and diastolic BP increases the risk"'!yf eHO for both 

men and women fo110wing a curvi 1inear dO-8l'e-response 

re1ationship (Appendix Il). The Framingham Study data indicate 

that the relative risk of developing eHn is 1.5 with asystolie 

BP t1l40 mmHg and a diastolic BP é90 mmHg compared with a .. 
systolic RP Ç140 mmHg and a diastolic BP Ç90 mmHg. The risk 

becomes 2 to 3 with a systolic, BP t1160 mmHg and 4 diastolic BP 

é90mmHg. HBP is correlated with overweight (60) which in 

itself is a1so a risk factor for CHO (59). 

ean is considered to be the most frequent complication of 

HBP (59), but, except for malignant HBP, reduction of CHD 

incidence 
c,., 

or morta1ity by antihypertensive therapy has 

con t i"n u e d t 0 e 1 u d eus (1 9, 6 1 ) • F p r the f e w a t J d-~ s h 0 win g • 

beneficial effect of antihypertensive therapy on cao\ moat of 

the beneficial effecta vere reltricted to lome lub-group. auch 
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as ~he elderly or the markedly hypertensive. Understanding of 

why antihypértensive treatment has failed to show significant 

eHO reduction to date is of utmost importance. 

One explanation could be that the relationship between HBP 

and CHD ia one of correlation of a bidirectional causal 

association (61). An alternative hypotheais has received 

increasing attention. For moderate and mild H8P, 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 ectopic activity in long term 

thiazide therapy (62), increase in triglycerides a~d in total 

plasma chole8te~ol as weIl as decrease in high density 

lipoproteins (HOL) and HOL/LOL 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 
" , 

treatmen~s. As antihypertensive therapy can be life-long, 

long term exposure to otherwise unnoticed short-term effectB 

may have a significant impact on cào. 

5. CHOLESTEROL AND OIET 

5.1. Association Cholesterol And cno 

Longitudinal studies such as the Framingham Heart S~dy 

have clearly established the contribution of blood lipids to 

the riak o-f enD (Appendix 12). A total cholesterol level 

~270mg/lOOml carriea a 4 fold riak of CHO compared to a total 
i 

cholesterol level ç 200mg/IOOml (64). LDL - choIes terol is the 

"-.. 

• 
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moat pertinent element with high levela of LOL' increasing the 

riaks of CHO. Increased LOL contributes to the slow process of 

athero8clerosis formation (65). On the other hand HOL has a 

protective effect against CHO mort a li ty (Appendix 13 ) • 

Coefficients for LOL and HOL appear of equal, although 

opposite, importance in prediction of CHD disease. lt is not 

c1ear which combination or which ratio of components of blood 

lipids ia the best predictor of CHO. The Framingham study seems 
• 

to favor the ratio LOL/HOL (66). 

5.2. Factors associated with cholesterol 

The LRC study (66) in 4 countries (Canada, USA, uSSat 

Israel) confirma tha t both genetic and cultural fac tors 

con tri but e toI e v e Iso f ch 0 les t eOr 0 1 • Cultural factors include 

dietary habits, particularly total calorie intake, intake of 

calories from fats and chol~sterol, and most importantly, 

percentage of total calorie intake from saturated fats. 

Cultural factors include anthropometric factors such as weight-

height index. Demographie factors include age, sex and race. 

,Behavioral and medical factors such as smoking, exercise and 

alcohol habits are impo.rtant as well (66). 

a) Race: LDL and total cholesterol are lower and HOL 

higher for adult males of the black race. This i8 consistent 

with the reported lower incidence and mortality from CHO for 

middle-aged black males (67). 

b) hormonal supplement use by post-menopaI,Jlal 

women ta be protective against CHO. Horaaone ule r 1 

Ihowed LOL and total cholesterol and higher HDL ·value. 
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and lower mortality rates from aIl causes after follow up (66). 

Oral contraceptive (OC) as a riek for CHO varies greatly among 

studies and remains very controversial (68). However there is 

little doubt of the increased risk of CHO with concurrent 

smoking and OC use (69). 

c) Smoking: levels of HDL are sharply reduced by cigarette 

smoking in a dose response relationship (70). However it seems 

to be mostly related to HOL 3 which is non-related to CHO (70). 

d) Oiet: dietary habits correlate with serum cholesterol 

(total, LOL, HOL) and with CHn mortality. High intake of 

saturated fat t Y ac id cholesterol and low intake of 

polyunsaturated and in particular monounsaturated fatty acid 

ch 0 les ter 0 1 ( h i g h "K e y s S cor e " ) are as soc i a t e d w i th i n c r e·a s e d 

risk of CHO 01,34). 

Mono and polyunsaturated fatty acids cholesterol increase 

the HOL/total cholesterol ratio (72); removing saturated fats 

9 reduces LOL cholesterol level twice as fast as adding poly-

unsaturated fatt)' acids (73) ... Changing fatty acids intake can 

modify the average plasma choles'terol level by predictable 

amounts (74). Metabolic studies suggest that alcohol intake 

increases HOL fraction 3 rather than fraction 2; HOL fraction 2 

baing a stronger protective factor for CHO. 

5.3. Al8ociation of Oiet and cao 

Several studies suggest that dietary cholesterol per 1000 

kilocalories ia related to CHO mor tali ty (34,39,71,75). 

Vegetable protein, pol:saccharides and dietary fibers are 

inveraely correlated wi'ih CHD •. Bowever these relationships and 

-----
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the caloric intake are no longer significant once 

skinfold is taken into !lccount (39, 75). There is 
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SUbcapsu~, 
little doubt 

that dietary change can have an impact on cholekterol level 

(73, 76, 77, 78, 79, 80). 

A w-HO report states that the LOL cholesterol level for 

ml.ddle-aged western adults should be reduced by 20mg/l00ml to 

approxima te that of some Medlterranean populations at lower 

rl.sk of CHD. 

5.4. Does Reduction Of Cholesterol Decrease CHO Mortality? 

a) Upper QUlntile Plasma Cholesterol Level 

LRCCPPT showed slgnificant decreases in non-fatal and 

fat a 1 AMIs among men in the uppe r 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 

s h 0 w e d ~n i fic an t r e duc t ion sin the in cid e n c e 0 f 0 fat a 1 8 n d 

non-fatal CHD events. The incidence of sud den death was 47% 

lower in the intervention group. However, it ie 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 a reduction in plasma LOL cholesterol level for the 

majority --{)f the population reduce CHD mortality rate,? Should 

we establish population-bssed strategies to reduce LDL 
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r----
cholesterol levels? Oietary 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 Africs experienced sn 

increase in cholesterol levels and 1.n the risk of CHO after 

having changed their dietary habits (73). 

Animal studies show that a diet-induced reduction 1.n 

choIes terol produces marked regresslon of ~oronary 

atherosclerotic Lesions. To date there 1.S no study on humans 

w i th a die t - a 10 ne in ter ven t ion toc on f i r m the s ~ fin d in g s • 

There 1.S 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 

SOOmg!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 19709 (LRC 

atudies). Similarly, the Mean serum cholesterol level for the 

upper quintile has changed in the 9ame period from 265mg/100ml 

to 240mg!100ml. Despite an e~timated 3% to 5% decrease 

accountable to methodologic and measureme.at variations, there 

is still a net 5% to .7% overall serum cholesterol leve 1 

reduction in the US over the past 20 years. (73). 

It has been estimated (Coronary Primary Prevention Trial 

(82) that a 1% decrease in plasma cholesterol 1evel induces a 

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

• figures one could estimate that the American overa)l plasma 
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cholesterol level reduction of, j% over the past 20 yearr could 

account for 10% of the 26%~reduction in CHO mortality. 

Men who die of AMI ha-ve atherosclerotic lesions over an 

average 60% of their coronary ar~ery surface ares. 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 CHO. 

Since higher levels of education and income are 

associated with better information, better dietary habits and 

lower cholesterol levels it i8 reasonable to Buggeat population 

based campaigns for dietary changes as a 8trategy to reduce CHD 

incidence and mortality. 

6. ALCOHOL 

Ethanol abùse is an etiologic factor in heart disease 8uch 

as congestive cardiomyopathy and arrhythmias which increase the 

rlsk of sudden death (83). 

The finding that ligbt alcohol drinking (Ç2 drinks a day) 

has an apparent protective effect against CHD (84, 85, 86, 87) 
• 

is controversial. The drinking pattern, rather than the amount 

o~ alcohol, constr1Ded" might be an important factor. Sporadic 

heavy drinking JIlight be harmful in contrast to the apparent 
, 

protective effect of a 1 ~Jht regular pat/tern (88). Whatever 

protective effect alcohol may have on CHD for light drinkèr. 

must be weighted againat all other detrimenta~ ,ealth effect. 

such aa raising BP. Epidemiologie stud ie. face problell' in 

> ' 
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obtaining valid information on the quantity of alcohol consumed 

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

7. OBESITY 

Numerous studies provide evidence that obesity is an 

~IIIPortant 
a~er 26 

risk factor for CHD. The Framingham study (23), 

years follow-up, shows the Metropolitan Relative 

Weight Obesity Index, on initial examination, to be a good 

predictor of 26-year risk of CHD events, including death in men 

and women, independently of age, "cholestérol, systolic BP, 

smoking, left ventricular hypertrophy or glucose intoleJ:'ance. , 
" 

Furthermore,~gh~~ after the early adult years conve~8 an 

additional CHD risk. 

8. EXERCISE 

Despite the lack of certain evidence of the role of 

physical inactivity in CRD, epidemiologic evidence suggests 

that exercise protects against CHD (90,91,92,93). Rabitually 

physically active men are at lower risk of CRD th an their less 

active counterparts. Participation in vigorou8 sports or 

physical activity confers an additional protéction. 
f ' 

(92,93). 

Bpidellliolog i c studies alao 8uggest a dose-response 

relationship betveen physical activity and reduction of CRD 

ri.t; 2000 kilocalories per week of exerciaing or 1 hour of 

hard phy.ical activity reducea CRD riait as weIl as mortality 

from AMI once it has occurred. The rislts of physicaJ activity 

are aini •• l coapared to the henefits and can be reduced by 

·.~.;. 
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education and guidance. Lack of physicai activity i. probably 

~ 
not as important a risk factor for CHD as smokin~},cholesterol 

and HBP. However, physical activity helpa to decrease 

cigarette smoking and emotional stress. 

9. SOCIOECONOMIC STATUS 

Socioeconomic disparities are associated with Ievela of 

CHD risk factors. The 

socioeconomic level), 

Iower the level.rQ'f education (pr~ for 

the higher the CHD risk factor ~vei 
(94). The biggest risk factor differences involve smoking, 

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

69; and smoking, oV,erweight, 
- ~ 

obeslty, high diastolic BP and 

physical inactivity 'for women age 20-69 (94). If the decline 

in CHD riak factors is greater for higher socioeconomic l~vels, 

a!i 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 F~CTORS 

Dlabetes mellitus ls a weIl known CHD risk factor. 

Although diabetes la aS90ciated with hypertension and 

hyperlipldemia, dlabetes per se appears to be an inde-pendent 

risk factor for CHD. Fasting glucose levei is an independent 

riek factor for CHD following a dose-response curve (70). 

Thrombosls actlvlty correlates with CHD. Acetylsall.cylic 

acid (ASA), certain fish ails, exercise, and moderate alcohol 
" 

\ 
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c intake may stlmulate fibrinolysls and there fore can be 

beneflcl.al agalnst CHD (70). 

Type A behavior has been correlated with lncreased rlsk of 

CHD. However. this 1.S uncertain Slnce type A persons are more 

prone to report symptoms therefore leading to a detectlon blas. 

Oral contraceptive (OC) use and smoklng are lndependent 

rlsk factors for CHD but Chey potentlate each other. Fernale OC 

users who smoke have an 8- ta lO-fald risk of CHD compared to 

non-OC uSlng, non-smoking women (94). 

Ag e, g end e r 1 ch 0 les ter 0 1 1 H BP, s ID 0 k t n g, SES and 0 the r s are 

Ril factors which l.ncrease the rlsk of CHD. Once CHD has 

occurred. therapeut ic maneuvers can be undertaken to reduce 

m 0 r b i d l t Y a r d e ath f rom the d l S e a se. 
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D. GHO MANAGEMENT 

r..., ...... ' ., ~ 

'~~: 
Over the last 30 ars, GHD management has become more 

sophisticated and aggressive. Improved care has become 

generally more available to the population. Accessibility 

care has increased, along wl.th the public awareness and 

professional knowledge. 

1. PREHOSPITAL RESUSGITATION ANO CA RE 

Sixt Y percent of AMI deaths occur before hospitalization. 

Emergency medical serVlces (EMS) are now better equipped and 

trllining ln Basic Ca:cdiac Life Support (BCLS) and Advanced 

Gardiac Life Support (ACLS) oave become more common. A l,s 0 <f8 

suspected pat..ient 
y 

more to be likely ml!.ch coronary lS 

hospitalized, evaluated and monitored (12), and therefore to 

benefit from CHD management. Prehospitalization cardiac 

resuscitation lS successful when applied very early (within 5 

minutes) and to patients with ventricular fibrillation (VF). 

Howev-er the results of EMS intervention are much less 

successful when observed l.n the population at large because of 

the large proportions of GHO which occurs as unwitnessed SUD, 
• 

and because patients are often reached- only after 5 minutes of 

cardiac arrest. ~oreover, most of the time BeLS rather than 

ACLS is initially applied. Goldman (95) estimates that a 

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

and prehospital care. 
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c 2. CORONARY CA RE UNITS (CCU) 

Control of arrhythmias and, ln particular, ventricular 

fibrillation (VF) lS a major role of CCU. VF usually occurs 

within 11" hours of AMI onse t • Only 4.5% of hospitalized 

pa t i e nt s w i th AM l will pre sen t p ri m a r y V F; 0 f th 0 se, 88% will 

be successfully resuscitated and discharged alive ( 95) . 

Arrhythmia prophylaxis lS e f fic a CLOU a ~a t h igh doses of 

medlcation but such dosages have not uaed been routinely ln 

most hospitals ( 95) . Other CCU management tools lnclude 

pacemakers, intravenoua nitrates, streptokinase, pulmonary 

arterial catheters, after-load reduction therapy and calc lum 

channel blocking agents. All of these save indlvidual llves 
, 

(95), but it lS uncertain to what extent they have had an 

impact on the population CHD mortality decline. 

3. MEDICAL TREATMENT OF CHD 

• Even though drugs such as nitrates, anticoagulants and 

antiarrhythmic agents were available earlier, it was only with 

the wide use of ieta 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 long term medical 

"' therapy after AMI, Goldman estimates that medical therapy could 

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

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

CAB procedures Lncreased from 30,000 ln 1970 ta 239,000 ln 

1982 ln the USA. CAB surgery has been shown effective with 

triple vessel dlsease and left maln lesion (European 

Cooperative Coronary Surgery Study); but CAB does not seem ta 

pralong lLfe markedly for single or double vessel dlsease (96). 

Assuming maXLmum potential benefLt from CAB (2.6% reductlon ln 

annual mortallty rate for surgery patients), CAB 8urgery could 

account between 4% ta 5.5% of the CHD mortallty decllne (3,95). 

< 
The knowledge of CHD has greatly evolved over the last 

half centj.lry, CHD management and accessibility to care have 

greatly improved ln Canada. Similarly CHD diagnosis and 

certification has undergone various changes. 

f 

o 
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E. DEATH CERTIFICATION AND CODrNG 

Hortality and morbidity rates are a major source of 

information on the health trends of populations. Increaslngly, 

government departments, private agencies, and the public at 

large are uSlng mortality and morbidity statistics 8S inputs ln 

their planning and policy decisions related to health programs. 

1 • DEATH CERTIFICATION 

Sin c e i t h a,.8 le&-al implicatlons, the completeness of 

registration of death has been justlfiably assumed to be of 

high arder. The death certificate provides information on the 

numbers of deaths, the socio-demographic characteristics of the 

deceased and on the conditions that led to death. In Canada, 

death certification is 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 ln the 

appendices 14 and 15). 

In Canada, morta1ity reporting has atta1ned, virtual 

completene88 (97). The death certificate is filled out by the 

attending 

provinces 

physician or by 

and territo-ries. 

the coroner, and compiled by the 

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). 

,j • 
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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". 

increased life-expectancy, people are likely 

With today's 

to die with 

multiple conditions 

Asslgnment 

or with conditions affectlng Beveral 

becomlng 

disease 

organs. of , one cause of death l S 

increasingly diffLcult and may not represent the 

processes resultlng ln death. 

The diagnosis on the death certiflcates must conform to 

the International Statistlcal Classification of Diseases, 

Injuries and Causes of Death (ICD). The amount of lnformation 

available for death certificatlon depends on the familiarity of 

the certifying physician with the medical history of the 

deceased. Therefore, differences ln medical practices and 

diagnostic labelling bet~een areas or years can be important 

for comparative purposes. 

If death is due to an accident, or suspicioUB of homicide 

or suicide, or if a physician was not 

has to be certified by a coroner or 

in attendance, the death 

a medical examiner. A 

medical examiner lS a physician usua11y trained in forensie 

pathology, whereas a coroner need not be a pathologist or even 

a physieian. 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 

Accuracy of 

contributing ta 

the statements 

death (appendices 

of eause of death 

14 and 15) • 

appears to be 
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related to the current state of medical knowledge, comp1eteness 

of the information avai1able at the time of death, ~nd the 

variety of ways in which death certificates are completed. 

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 patlent's 

il1nesses by the health professional certifying ..,.'e death (6). 

In general, the diagnostiG information available for death 

certificate coding is often sketchy and lmprecise (99). 

Autopsy findings, added to perti~ent clinical information, 

could be used to improve death certificate accuracy. However, 

autopsies were performed only on 16% of the deaths ln the 

United States in 1978, and the information 1.8 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 25% of deaths which were falsely attributed to the 

circulatory system, and 18% 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 75% 

disagreement as to the specifie cause of death (7). Similarly, 

Enge 1 in 1980 000 ) showed that vascular disesses were 

overreported on death certific,.âtes by about 10% when compared 

with autopsy report. Cameron (101) showed al~o that diagnostic 

dilcrepancies increased markedly with age: among those over 75 

) 

" 
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years of age, fewer than half of the death certificate causes 

of death were confirmed by autopsy reports. 

Comparing death certificates and clinical information 

obtained from hospital records shows similar dlscrepancy. 

Glttelsohn (102) showed that concordance decllned with patient 

age and length of stay, and also that error rates were 

associated with cause of death and with the hospital where 

death occurred. Concordance varled little between the years 

1969 and 1975. For the Clrculatory system, ICOA 3 dlgit 

agreement rate was 73% and for AMI the agreement rate was 87%. 

Ho spi t a l dis cha r 'g e cod es, ifs u f f l cie n t l y a c c.u rat e, cou l d 

b eus e d a sac 0 n ven i en t pro x y for in cid e n cet r end s 0 f AM l . 

However, a study ln Texas found a false positive rate of 39% 

(of discharge diagnoses 410 (AMI) which were found ta be in 

error by a Cardiology Surveillance study) (34). In Finland, a 

B t u d y fou n d a t rue po 8 i t ive rat e 0 f 84 % for AM l i n ho spi t a l 

discharge data (104). 

Accuracy 

completeness 

of 

of 

the 

the 

statements 

information 

of 

are 

cause of 

reflected 

death 

in 

and 

the 

nosological coding of the death certificate. The clearer and 

more preclse the information of the death certificate, the 

better will the coding be (99). 

2. DEATH CERTIFICATE COOING 

Th e In ter n a t ion ale l a 8 8 i fic a t ion 0 f Dis e a ses (1 CD) i s the 

basic classifi<:ation system in use for national and 

international morbidity and mortality statistics. 

1 
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The ICO has been revised about every 10 years to reflect 

progres8 in the classification of disease. The sixth revis ion 

represented a milestone 8S the underlying cause of death was 

defined. and the international form of death certificates was 

devised. Recognizing the ICD-8 limi~ations the United States 

Public Health Service published the "Eighth Revision 

Internatlonal Classiflcation of Dlseases Adapted for Use ln the 

United States" (ICDA-8). Canada, ln 1968, adopted the ICDA-8. 

In 1975, the Ninth Revision (ICD-9) provided for morbidity 

coding inc1uding primary care, multiple cause coding, and 

un~rlying cause of death coding. ICD-9, now ln use worldwlde, 

was adopted in Canada in 1979. 
,. 

Th e 1 CD - 9 cod e sap p e 8 r in the "T ab u 1 a r Lis t 0 f 10 c 1 u s ion s 

and Fourth Digit Subcategories" 1.n the ICD first volume. This 

is a numerica1 list of aIl the ICD-9 three digit caxegories and 

each of their subcategories. The three digit categories (001-

99~) are divided into seventeen broad groupings of diseases and 
" 

injuries (chapters) • Each chapter lS diviçled ioto maln 

"blocks" of the content of the chapter. Each "block" is formed 

by several three digit codes. Some are a1located to important 

individual conditions, others to grouplogs of Iess important 

conditions Assignable to the "block". Three digit categories 

may be divided in four digit categories to further 

differeotiate the component parts. Chapter VII, Oiseases of 

the Circulatory System, contaios the Coronary Hear~ Oisease 

• hblock" vith the ICD codes 410-414 (Appendix 16) • 
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Such revisions as weIl as other factors can result in 

variations in the death certificate coding comparability ratio8 

and in the accuracy of reported mortality rates. 

3. DEATH CERTIFICATE CODING VARIATION 

Once the death certificate has been completed, there ié 

the possibility of error in recording the cause of death for 

mortality statistics data during the nosological coding phase. 

Mortality rates can vary as a function of true variations 

in diseases overtime as weIl as secular changes in death 

c~ r tif i c a t e cod i n g • 1 n the lat ter cas e, var i a t ion c an b e due 

to the quality of the death certificate supplied by the 

recording pnysician (illegible data, missing documents, 

erroneous registration numbers), the nosologist (competency, 

preferences) and key entry errors (105). 

Misclassifications vary vith respect to their composition 

in terms of their ICD digits. Depending on the usage of the 

vit a 1 s t a t i s t ~ c _s, the s ev e ri t Y 0 fer r 0 r w i l l var y ace 0 r d i n g t 0 

the digit erroneously coded. 

Each of the ICD revisions has producea some disruption in 

the comparability of cause-of-death statistic8. The Ninth 

Revision assigned different codes for some diseases within the 

circulatory system category; chronic CHD, 412 in ICDA-8, became 

414 in lCD-9. According to the Ninth Revision, Cardiovlscular 

Disease unspecified (ICD-9 No. 429.2) has been separated from 

CHD (ICDA-8 No. 410-414). This separation accounts for a large 
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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 19zjl 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 

b~ 12% (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 reg.ions. 

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 88signed according to ICD-9 to 

deaths assigned according to ICDA-8 is 1.0003 with a 0.9898 to 

1.0108 95-% c-orlridence limits (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 Clon. Inter-observer 

variability showed different agreement rates for different 

causes of death (three digi t ICDA code agreement among three 

nosologists). The three nosologis~s agreed on 86.5% of death 

certificatesj two of the three nosologists agreed on 88% of the 

de.th certifieates Intra-nosolo,gist agreement varied from 

94.6% to 96.6% for CHD. 
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o 1 
In Canada, death certificates are nosologically coded st 

the provincial level, then collected st the federal level in 

Statistics Canada. Recause there are only one or two 

nosologists per provinces coding differences among provinces 

May arise. Any important systematic differences between them 

would lead ta apparent important differences ln mortality 

statistics between provinces. 

A quality assessment study from the Health Division st 

Statistics Canada in 1981 (98) reported an oV$rall 7.18% coding 

error rate for "Cause of Death". Two thi.rds of the errora 
c 

invo~'led the first 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 system, (e.g. diseases of the circulatory system and 

mental disorders). A s~cond digit er~or involves two different 

diseases in the same system (i.e. hypertensive disease and 

CHO) • A third digit error involves different forms of the aame 

disease (i.e. AMI and Angina Pectoris). A aimilar study in 

1979-1980 (lOS) showed important variation between provinces 

'over time. Overall cause of death coding error rate varied 

from 2.2% to 18.1% betw~en provinces. 

Therefore, there ia some possibility that death 

cet'tificate coding variatLon explains some of the differences ~ 

observed i~ CaD mortality rates between the years 1970 and 1984 

and between the Provinces of Nova Scoti~ and Sa.k~tchew~n. 

o The following two chapters will cover the Method. and the 

Analyais and Results of thi. study. 

~ . 

------
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CHAPTER THREE 

HETHODS 

1. DEATH CERTIFICATE CODING VARIATION AstERTAINHENT 

The objective of the study is to determine if there have 

been variations 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 1n the reported 

Canadian CRD mortality rates. 

In order to compare coding practices between years and 

provinces •. a standard has to be used. ln Canada, death 

certificate coding is performed provincial1y, but nosology 

training is done nationally by Il member of the Nosology 

Department from the Health Division in Statistics Canada. This 

n08010gist ia also respoDsible for the adjudication of any 

death c'ertificate questionable in Canada, and is the resource 

persan for aIl of the nosologists in Canada. Therefore, this 

nosologist wa9 accepted as the standard for this atudy and 

recoded the samplea of 

ICD-9. 

death certificates according - to the 

Depending upon ~he result of the recoding of a death 

certifi~ate by the study nosologist, we can define true. or 

false positives and negatives 

indicated &. 
\ 

in the original coding as 
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death o1"'i g ina'l code 
certificate (410/other) 

true 410 
positives 

fa 1 s e 410 
positives 

true ather 
negatives 

fa 1 s e ather 
negatives 

\ 
; 

2. SAMPLING STRATEGY 

., _. 

study recoding 
(410/other) 

410 

other 

other 

410 

Since the Ninth Revision of the ICD introduced changes in 
.' 

chronic CHD but not in AMI death certificate coding, we decided 

to focus the study on AMI death certificste ~oding. In Canada, 

Nova Scotia is the province with the highest CHD morts1ity 

and rate~, Saskatchewan with, the 10west. r Also, NQva Scotia 

\, 
Saskatchewan are the focus of a 1arger study on CHD, the Nova 

Scotia Saskatchewan Cardiov8scular Study. For chese re8sons, 

this study focuses on the same two provinces. Sin c e AM l wa 8 

introduced in 1969 in the ICD, i t was dec ided to examine death 

cert,ificates from 1970 so that errors due to the adaptation to 

a new classification would no longer app1y. Alao, we der. ided ~ . '" 
to examine death certificates from 1984, the laat year .witb 

complete data available. ( 

(, 

,i ut. , .". 
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A stratified random sampling procedure was employed with 

the two proV~nCE'.1, Nova Scotia and Saskatchewan, and the two 

years, 1970 and 1984, representl~g the four strata. 

The samples were selected using the death certlfi.,ate 

. , . b reglstratlon num ers. The ssmple lut of death certiflcate 

'- registration numbers was obtained wlth a random sample 

selection computer program. Because of confldentiality of the 

tieath certificate, the samp-tlng procedure was performed withln 

the H~alth Divislon ln Statistics Canada. 

Two serles of samples were obtained. The first serles was 
• ""0/( 

obtained to examine the true and false posltives rates, and 

included random samples of death certificates orlg1nally coded 

ICD-9 No. 410. In the firat series the nosologist knew that 

code origina11y assigned. The second series was 

obtai to examine the true and false negatives rates. and 

random samples of aIl death certificates for each 

In the second series. the death certificates were 

sub~itted to the study nosologist for recoding without masking 

the ICD code origina11y 8ssigned. 

In(rder to' examine the 

origina code upon recoding by 

effect of the knowledge of the 

the study nosologist, the second 

series of death certificates were submitted again for recodlng 

six months later, after the ICD code original1y assigned was 

bloé~ed out. The six m.onth intf!rva l prevented the nos010gi s t 

fnom remembering the code assigned the first time • 
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3. SAMPLE SIZE 

Between 1970 and 1984, age adJusted mortality rates for 

ICDA codes 410 and 410-414 in Nova-Scotla, Saskatchewan and 

Canada declined by a minimum of 24% for: 410-414 in Saskatchewan 

for males between 1970 and 1984 and by a maxi'_um of 47% for 

41Ù-414 ln Nova Scot18 for males between 1970 and 1984. 

Table 3 

Ag e - adj u ste d m 0 r ta lt t Y rat e s for 4 1 0 ~ d 4 lO - 4 1 4 
Canad~ Nova Scot ia and Saskatchewan 

MALES 1 970 1984 % DECLINE ---
NOVA-SCOTlA 
410 254.4 133. 2 47% 
410-4 318. 1 211 • 9 34% 

SASKATCHEWAN 
0 1"69.5 124. 9 27% 

41 -4 240.2 183. 5 24% 

C'ANAD 
410 21 7 . 5 128.4 41% 
41,0-4 312.3 210. 1 33% 

FEMALES 1970 1984 %DECLINE 

NOVA- SCOT lA 
410 108.3 62.6 42% 
410-4 161 • 7 106.2 34% 

SASKATCHEWAN 
410 72. 7 49.0 32% 
410-4 120.9 80.5 33% 

CANADA 
410 89.9 55.9 38% 
410-4 157.2 101 • 7 36% 

In order to expIa in the CHD mortality rate dec1ine 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 24% decrease in CHD mortality 
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rates. Since there is no available study on AMI or CHO death 

certificate coding error rates variation, 
\. 

~'" based on the Canadian estimate error rate 

death certificat~ coding in 1979 (37). 

3.1. False positive 

Sample sÜe computation are based 

premises: 

c 0 m put a t ion s a r'e 

of 8% for overall 

on the following 

we are interested ln performing palr-wise comparlsons 

between the four strata on the outcome variable, the false 

positive rate. 

we are also interested in performing several palr-wise 

comparisons on difterent 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 euch a difference existe. 

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

0.20. 
, 

we assume a binomial distribution of the outcome 

variable, with a maximum variance of Vp(1-p)-O.5 

When testing hypotheses concerning differences between 

indepen.dent population proportions, the detectability of a 

" 1 
given effect size, under fixed cond i t ions 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 

propd"rtiona are submitted to an arcsin transformation, equal 

differencea are equally detectable (108). 
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According to the arcsin transformation tables provided by Cohen 
~ 

(l08), assumlng a two-sided type-I error of 0.05, a sample size 

of 400 per stratum gives a power of .81 to detect a difference 

of 5 percentage points between faise positlve rates for 

different strata. 

3.2. Faise Negatlve 

Similar assumptions apply to the faise negatlve rates 88 

the faise posltlve rates. However, because of conslderatlons of 

time and cost, we were Ilmited to sample of n • 200 death 

certificates per stratum. 

According to tables using the arCSln transformation and 

provided by Cohen (108), assumlng 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 

Random aamples of death certificatea from Saskatchewan and 

Nova Scotia for the years 1970 and 1984 were obtained from the 

Health Division of Statistics Canada. In order ta avoid any 

breach of confidentiality, thE! dlita obtained were stripped of 

aIl personal identification. 

The study nosologist recoded the death certificates on a 

coding sheet (Appendix 18) according ta a coding manual. The 

following variables were examined: 

- age and sex 

" 
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- 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 analysl.s. 

• 
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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: 

~ 
S tudy N0801ogist 

positive negative 

positive a b a+b 
Erovincial ... 
coding 

negative c d c+d 

a+c 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 misclsssified positives. 

However, given the atudy nosologist coding a8 the standard, the 

net e f f e c t 0 f mi a c 1 a 8 Sl fic a t ion, i. e. the d i f fer e ft c e b e t w e e n 

the atudy and the provincial rates ia: 

(a+b)/N - (a+c)/N • b-c/N 

Example: for a province with a population ()f one million, 

a 7/1000 death rate, a provincial estimate of 20% deatha due to 

AMI, and the following distribution of death certificate status 

after federai recoding: 
, • 1 

·0 
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federai coding 
AMI Other 

AMI 1260 140 1400 
2rovincial 
codins 

Other 70 5530 5600 

1330 5670 7000 

if dea th '1 
misclassification Even the cert l.ficate rate lS 

30/1000, the net effect of misclassification creates 8 

provincial overestimate of 10/1000 deaths due to AMI when 

compared with the study standard. 

2. AMI COD l NG VARIATION NET E FFECT 

The sample size for each of the four strata (years 1970 
• 

and 1984, and provinces of Nova Scotia and Saskatchewan) for 

the fil' S t se 'r' i e s 0 f de a th cel' t i fi c a tes ( w i th AM l as the cau s e 

of death assigned by the province) were the ume (n-400). 

Al so, the samp1es sizes for the second series of death 

certificates (with the cause of death assigned by the province 

being different from AMI) were equal ~n·200). Therefore, in 

order to compare the net effect of death certificates 

milc1aslification on AMI mortality rates between the provinces 

and the years, it is not necessary to adjust the samples to the 

population estimatel of the proportion of ,deaths due to AMI. 

AI the sa~ples are the same for each strata the relative rates 

o f ,f aIs e po s i t ive san d f a la e ne g a t ive s w i th in e a ch s t rat a c an 

\ be di rec t1y compa red amongs t the s amp les drawn. 

t •• The g0.81 of the analysis was to determine if systematic 

vU'iations in. coding error8 contributed to the differences in 

'. ., 
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AMI mortality rates by year and by proyince. Agreements ln 

coding do not contribute to our understanding of errors so the 

';1-

concordant pairs of coding were excluded in the analysis. If 

the errors were random, the discordant pairs al10uld be equally 

d\.stributed between the false positive 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 pa i r 8 in 
l, ~\ 

.... ~eae tw~ cells (109) . 

Wher:e there are two or more 2 X 2 tables, tthe chi square 
/ "-

l " 
test of ,~ion ~e 

\ / 

if determine the used to 
, , 

dis tri but ion' ,of d i ~ '; ~ r dan t pa; r 8 i s consistent ac l'OS S the 

t a b 1 e s (1 0 9 ) ':, Th if \ ' 
te~ was us,d to compare the distributions 

"-- - "-~ 

of discordant pairs by year and by province, as can be seen in 

Table 4. 

Table 4 
Distribution of false positives and of false negatives, 

Nova Scotia and Saskatchewan, 1970 and 1984. 

fa ls e 
positives 

false 
negatives 

NOVA SCOT!A SASKATCHEWAN 
1970 1984 1970 1984 

9 5 17 3 

1 Î o 1 

X2a 3.87, 6df. pé.10 

There were no significant differences. However, a8 five 

of the eight cella had expected values lees than five, the chi 

square estimate of the probabi1ity of association is not very 
:' 

stable or re1iable. Consequently the Fi.her'. exact test wa. 

for pairwise compari.ons of discordant paire amonget the 

1 

J 
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different co~binations of strata. None of the comparisons were 

statistica11y significant (table 5), which means that the 

relative distributions of fa1se positives and false negatives 

were equa1 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 
Sas katchewan 1984 . 19 

Nova Scotia 1970 and 
Nova Scotia 1984 1. 00 

Nova Scotia 1970 and 
Sas katchewan 1970 .37 

Nova Scotia 1984 and 
Sas katchewan 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 nÇlsologist 

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

19 were discordant (percent agreeme~t .18.9%; kappa- .93) 

(table 6) • 

. . 

• 
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Table 6 
Nosologist inter-rater agreement 

First Coding 
AMI NOT AMI 

AMI 142 7 149 .... 
Second 
Coding 

Not 12 639 651 
AMI 

154 646 800 

3 FALSE POSITIVES 

3.1. Samples Description 

3.1.1. Sex 

Examination of samples w1th regard to th~L male/female 

rat i 0 s 0 f d e a th f rom AH l (I C D No. 4 1 0) are con sis t en t w i th the 

data for Canada as a whole. 

Statistics Canada Sample 
Mortality Data % males 
% males (wlth 95% confidence 

'. intervals) 
'. 

Canada 1970 66.9 66.8 ( +- 3. 3) 
~ 

canaaa 1984 61.6 ~ 59.5 ( +- 3.4) 

Saskatchewan 1970 69.0 67.4 ( +- 4.6) 

Saskatchewan 1984 65.5 64.3 ( +- 4. -, )-

Nova Scotia 1970 66.2 66.2 ( +- 4.6) 

Nova Scotia 1984 59.0 54.7 ( +- 4.9) 

-
The observed decrease in the male/female AMI mortality 

o 
ratio in the samp1e i8 similar to the general population trend 

observed ov~r the same period. 

.-
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3. 1 • 2. Ag e 

Da t a e x ami na t ion 0 f sam p 1 e s w,i th re gal' d t 0 age a t d e a th 

fI' 0 m AM l T ev e aIs 8 0 m e i m pOl' tan t d i f fer e n c e 8 • 

SASK 

NS 

Table 7 
Me an Age 0 f Dea th from AMI 
by Province, Year and Sex 

- (wifh 95% confldence intervals) 

1970 1984 

men women men 

69.0 77.4 71. 0 
( 1. 4) ( 1. 5 ) (l .4) 

67.0 , 74.5 70.0 
( 1 .3) (2. 1) ( 1 .5) 

women 

79.4 
(1. 6) 

76.3 
(1. 7) 

A8 expected. the mean age at death from AMI i8 higher for 

females than for males. There ie a 8ignificant (p< .. OOl) 

difference of 7.7 year8 in favor of the women (76.9 +/-.9 

years) over the men (69.2 +/-.7 years). 

Ars 0 the me a n age a t de a th f rom AM l i ne r e a s e d b e t we e n 1 9 70 

.-
and 1984 for both provinces. It increased significantly by 2.3 """ 

y,ears in Saskatchewan (71.7 to 74.0), and by 3.3 years in Nova 

Seo t i a (6 9 • S t 0 7 2 • 8) • Th i 8 

life expectancy ob8erved in 

sime period of t ime. 

i8 consistent with the increaSetin~ 

the general population during ~-

However, a significant (p-.OS) difference of 1. 7 years in 

mean age a t dea th from AMI be twee n Sas ka tchewan (72.9 yea r8) 

and Nova Scotia (71.2 years) wu observed. This could reflect 

a res1 difference in age distribution between the two 

pro vin c es t' 0 rit cou 1 d ~ e due t 0 the 1 ar g e s a-m pIe s • 

----
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3.1.3. Place of Death 

Examination of the frequency distribution of place of 

death from AMI shows sorne significant differences. 

Table 8 
Freiuency distribution of place of death {rom AMI 

- ( w i th 95% conf idence in terva 1 s) ------

SASKATCHEWAN NOVA SCOT lA 

1970 1984 1970 1984 
Death .. 
within an 66.4 71. 9 54.9 70.4 
i ns t i tutIon (4. n (4.4) ( 4 . 9 ) ( 4 • 5 ) 

outside an 26.3 27 .6 39.3 23.4 
institution (4.3) (4.4) (4.8) ( 4 • 1 ) 

Unknown 7 .3 0.5 5.8 6.3 
( 2 • 6) (O. 7) ( 2 .3) (2. 4) 

X2.S2.97, 6df. p <.001 

Nova Scotia observed a significant (p < .05) increase 

05.5%) in death from AMI within an institution between 1970 

and 1984 (54.9% to 70.4%). Saskatchewan observed a significant 

decrease in unknown place of death between the years 1970 and 

• 1984. The very 10w proportion of unknown place of death fo'\" 

Saskatchewan ln 1984 remains unexplai-ned aince there is nO 

apparent reason for 8uch a dramatic difference. 

an 

The difference in proportion of- death from AMI observed in 

ins t i t ut ion be tween Saska t chewan aqd Novi Scot ia wa. 

significant in 1970 (66.4% and 54.9%), but the difference. were 

not aignificant in 1984. 

.. 

1 
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The mean age at death from AMI varies whether death occursi 
) 

w i t h i-o an i n 8 t i tut ion (7 2 • 7 ... / - • 7 ye ars) 0 r 0 u t s ide (7 a • 3 + / -/ .. 
1.1 years). 

3.2. Univariate Analysis ~ 

All of the death certificates in the sample were coded AMI 

(ICOA 410) as the cau8e of death. The death certificates 

r e (' 0 de d vi th AM l (I C 0 A 4 1 0 ) a s the cau 8 e 0 f de a th we r eth e n 

considered as true positives. Accordingly~ the death 

-
certificates recoded with a cause of death other than AMI (ICDA 

410) were considered as fa1se positives. 

The variables Age, Year and Province show some significant 

differences in the proportions of true and false positives. 

Examination of the mean age at death shows a silfnificant 

difference of 4.3 years between true po.sitives (71.9' +/-.6 

ye al' é) and f al sep 0 s i t ive s (76 • 2 + / - 3 • 3 ye ars) • 

Th e pro p 0 r t ion 0 f f a ls e po&' i t ive s wa s sig nif i c an t 1 Y 

(p-.002) greater in 1970 (3.28%) than in 1984 (1.01%). The 

proportion of faise positives was significant1y (p-.OOJ) 

greater in Saskatchewan in 1970 (4.3%). 

Table 9 
Distribution of True and False Positives 

Saskatchewan and Nova Scotia. 1970 and 1984 

Saskatchewan Nova Scot ia 
\ 1970 1984 1970 1984 

True positives 379 395 388 393 

'alse positives 17 3 9 5 
(percent) (4.3) (.8) (2.3) Cl .3) 

$," 

X2·13.93. 3 d f, p<.OO3 
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Inspection of the contribution of each prQvince for each 

year to the chi square reveals that Saskatchewan contribute$ 

9.04 to the total chi square figure of 13.93. Th e var i ab 1 e a 

sex and place of death do ~ot show any significant differencea 

ln the proportions of true and false p~sitive8. 

Examination of the distribution of place of death does not 

show any si~ificant (p"~09) difference between true and false 

differencea in the sex 

dis tri but ion 0 f t r e and fa 1 s e po s i t ive s e x a ln i ne dei the r b y 

subgroup of year, ovince or province by year. 

Men 

Women 

Tab 1 e 10' 
Sex Distribution of True a d False Positives 

1 

true positives 

977 (97.4%) 

578 (98.9%) 

e positivea 

26 <2.6%) 

7 (1.1%) 

We examined 'whether the number of underlying and 

contributing causes of death influenced the rate of false 

positives 

Comorbidity 
~ 

True positive 

False positive 

Proportion of 

Table Il 
Comorbidity diatribution of 

true and fal.~tl:e. 
a l 2 3 

346 535 415 188 

1 9 11 8 

false positive .003 .017 .026 ,.041 

1# 

4 

3 

( .048 

s 

11 

2 

.154 

A chi square for trend was used (109), and the trend va. 

! 

signifieant. error l'ate increa.e. Therefore, the 
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significantly with the number of comorbid conditions listed on 

the death certificate. 

3.\3. Multivariate Analysis 

We examined the samples wlth the use of a logistic 

regression modei with faise 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. Th e 0 d d s rat i 0 0 f a fa 1 sep psi t ive de a th 

certificate coding in 1984 compared to 1970 lS .299 (95% CI: 

.134- .665). 

year 
(0-1970, 

province 
(0 -SASK. 

mode 1 

Table 12 
Logistic regression coefficients 

(with Year and Province) 

coefficient std .error 

-1. 206 .407 
1=1984) 

- .368 .35'3 
1 aNS) 

" 

with Province, Yea r , Sex as 
.. 

Z 

- 2.96 

-1 .04 

categorical 

independent variable and Age as a continuous variable yields 

significant predicting valués for Year, Sex and Age. 
'" 

None of 

the interaction terms 

soignificant. 
~ .. 

• 

between Province, Year and Sex was 

~ 
j 

) 

1 
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coefficient 

std.error 

Z 

odds rat io 

9)%CI: lower 

upper 

The odds 

Tab le,...l3 
LoglStlC regression coefficient! 

(with Year, Province, ~ex and Age) 

PROVINCE , YEAR SEX AGE 
O-SASK. 0-70 O-F ln years 
I-NS 1"84 I-M 

.. '" 
-.289 -1.368 1 . 305 .058 

.351 .419 .40,8 .016 

-.81 - 3.27 3. 2 3.5 

.75 .25 ?68 1. 06 

.37 .11 1. 65 1. 02 

1. 50 .57 8.21 1. 09 

of having a death certificate coded 

positive increased with the year 1970, male gender 

increas ing age. 

7 l 

fa 1 se 

and 



71 

CHAPTER FIVE 

DISCUSSION AND CONCLUSION 

1. CHD MORTALITY RATES 

CVD and CHD proportional mor t al i ty rate s 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 a8 evolving medical terminology, and death 

certificate coding fluctua~ion concurrently occurred ( 8 ) • 

Taking into account these 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 50s and early 60s, the patterns reversed. In 

Canada, between 1970 and 1984, CHD mortality rates declined by 

33% for the males and by 36% for t~ females. Ry the mid 

1970s, aIl age, race and sex groups and a11 regions had 

experienced declines in CHD mortality rates (14). However, the 

differences 
~ . 
provlnces and be tween between gender, 

socioeconomic status rema1ned; 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. l t is 

difficult to, conclude that coifntries with low mortality rates 

~re still recording an ,increase, and countries with high, 

mortality rates have already reached the turning point and now 

Ire' record i ng a decrease (18). ' 

---
.' 

.. ' 
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Also, within some countries (Canada, USA), the geographic 

distribution of eHD mortality rates differs from the geographic 

distribution of the rate of decline. This opens the possibility 

that the factors, which past cumulative experience is most 
<r 

important for the level of eHD mortality, May not be the S8me 

as thos e factors which had the greatest impac t on the CHD 

mortality decline (11,14). 

2. eHD MAJOR STUDIES 

The Framingham Study assessed the relative risks 

associated with the main CHD risk factors: age, male gender, 

hypertension, cigarette smoking, high serum cholesterol levels 

and obesity. Other studies confirmed the Framingham Study 

findings to be generalizable to the white middle-aged Amèrican 

men. 

The Seven Countries study established that the relative 

risks aS80ciated w~th eHD risk factors vary in populations 

with contrasting cultures. 

Prospective cohort studies on homogeneous disease-prone 

sub-populations, and secular changes of rtsk factors make the 

assessment of attributable risks and etiologic fractions 

difficult for larger populations for a particular time. 

Nonetheless, repeated findings from aIl the observational 

studies in-the 1950s and the 1960s consistently pointed towards 
') 

the Sâme risk factors and comparable strengthe of allociatlon 

across pop~latioDs: 

Several etudies !ailed to show positive effects upon 

pop~lation •• from intervention. de.igned to reduce CBD ri.k 

f" 
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factors. The interventions we~e 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 occu..-.red, were probably those who would benefit the 

least from risk factor reduction ,since pre'iènce of risk factors 

may not be important predictors of disease outcome. 

Therefore. in the light of these conflicting findings, one 

can question w~ether the CRD 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' to~c' ~reduced .inc id.ence rates of disease. 

However, most CHD cases in the population occur among the ~ast 
1 

proportion of low risk subjects rather than ~he fe~ high risk 

ones. This supports lar~e population based interventions 

(110). Wha~ evidence is there of CHD risk factor reduction in 

the popu'lation? 

3.1. Age 

S ince morta 1 i ty ra tel are age s tandardized J the aging .of 

the popu\ation should not affect CRE mortality rates. Rowever, 
.\ " 

cohort effect. cao influence ase adju.ted .ortality rates. lt 

.. 
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o can be argued that a fifty year old male ln 1970 would have a 

better health status thsn his counterpart ln 1950 because of 

better lifestyle and higher .socioeconomic status and better 

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

the CHD rela~ive risk of age. 

3.2. fender 

There i9 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 validity 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 haB decreased 

by 25%, butter by 33%, and eggs by 15%. As well, per capita 

con 8 U m pt ion 0 f ve g et a b les and f r u i t s h ~ s'; i n·c r e a 8 e d b Y 75% (7 3 ) • 

Data based on the Framingham study show that daily 

chole-sterol intake decreased from 600mg to 800mg in the early 

50s to less than 500mg in the early 1970s for a middle aged man 

(26,73). During the same period, the plasma cholesterol levels 

decreaseà from 225mg/lOOml to 205mg/l00ml (73). Even w,hen 

taking into account~ possible changes due to measurement 

differences, the overall cholesterol level decreased by 5% 

between the 19508 and thè 19708 (73). 

A longitudinal s tudy in Minneapol is and other 1 tud ies 
" 

o (Oslo study, Western Electric study and MRFIT) showed .imilar 

re"ultl." Horeover, the LRCCPPT. ,how. that a 1% reduction in 

.j 
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cholesterol (mainly Total and LOL) results in a 2% reduction'of 

AMI and sudden death incidence (49). Attempts at predicting 

CHO mortality decline from serum cholesterol reduction vary 

from a 4.3% CHD mortality rate decline for a 5mg/dl cholesterol 
/ 

reduction (lll), to a 19% CHO mortality decrease for a 8% 

cholesterol decrease (49). However, these estimates are baied ~ 

on the absolu te initial values of the populations under stud~ 

One can th en question how these estimates apply to the general 

population or to populations from other countries. 

3.4. Cigarette Smoking 

In D~cember 1983, 5.8 millions Canadians over 15 years old 

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

women). The se propor t ions re f~ shar p dec rease s from 1970, 

particularly 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 aIl ages 

and both sexes. although to a varying de~ree. There is evidence 

that regular cigarette,smokers are smoking more cigarettes per 

day. Between 1970 and 1983, the percent age of persons who 

smoked 25 ·or more cigare t tes increased cby 31% for males 

and by 57% for females. 

Ther~ i8 no doubt a risk factor 

for CHD and th4t there fs a dose-response relati~nship. 

Rowever there are questions about the shape of the dose-

re.poD.~ curve (exponentia1. 1inear or logarithmic) (I12). The 

•• till.tact dec 1 ine in, CRD lIortality rate due to slllo~ing. 
~ ~ 

recluctîon varie-. froll 14% to 471 of the overall decline 

1 
1 ; 
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according to the different studies (112). There i8 

uncertainty as to how long it takes for an ex-smoker to reach 

the never-smoked risk level. Aiso, 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 w~ight control in reducing CHO risk 

(114). However, despite apparent changes in exercise habits 

(114), the average height corrected weight of Americans dia not 

cha n g e b e t \i e e n 1 960 and 1 9 7 4 ( 95 ). Th e r e' for e i t 

difficult to extrapolate the data bn physical activity from 

studies to population and it 1.8 thus difficult to assess the 

impact of physical activity on CHD mortality decline (114), 

3.6. Hypertension 

Even if the potential value of HBP treatment ta reduc~ CHO 

mortality risk is ~ub~tantial, there ~s confllcting evidence of 

its reality. Data from the U.S. Natfonal Health Survey 

indicate no reduction in HBP prevalence between 1960 (18 .. 2%) 

and 1971 (lB.lX) (95). However, data from studies 8uch as the 

Frami ngham ,8 t udy and the Hype r tens ion De tec t ion and Fo llow up 

Program indicate a two to four fold increa8e in the proportion 

of HBP patients treated effectively' between 1960 and 1970 • 

Therefore it is difficult to estimate the impact of HBP 

treatment on CHn mortality decline. A compari.on of life 

.8~e J risk factors J Jnd CHn management change. in Il countrie. 

• 
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seems to favor improvement in lifestyle and 1n the risk factor 

s i tua t ion 8 u pp 0 r tin g p ri m a r y pre ven t ion in a' ma j 0 r r 0 le for CH DV 

morta1ity rates declines (4) •• 

Therefore, there is evidence that risk factors reductions 

had a role in CHD mortality decline4o,.(l15). However, if there 

ia a threshold to the beneficial effect of risk factor 

modification, this would influence the population based 

strategies where risk factor modification would be minimal for 

the majority of the population (116). Gene raI 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, prehospit~lizati~n care and Medical treatment is 

partially responsible for the observed CHD mortality rate 

decline. Gi11um 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). 

.,-
Similar1y, in Goteborg (Sweden) a dec1ining trend/ was 

noted between 1968 and 1977 in mortality rates after AMI. The 

differencea were not atatistica11y significant but àamples were 

Ima Il (ll 7) • 

In a large employed population., Pell et al (118) found 

that beginning in 1969 the 24 hour case fatality rate declined 

_lIodera te ly and there vas a aharp drop in the lO-day case 

fatal i ty ra te for thoae who a~rvi ved 24 houra after onse t of 

attack (118). 
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Weinb1att et al. examined the post-AMI prognosis of men 

enrolled ln the Hea1th Insurance Plan in the 1960s and 19708. 

They showed no difference in long term prognosis between'---t-he 

two decades (119). 

WHO \ data from seventeen centers does not show any 

(/ 

mortality rate difference for secondary prevention after AMI 

(120) • Altogether, about 40% of the CHn morta1ity decline 

could be attributed to medical care (secondary prevention) 

d~stributed as ecu 13.5%, HBP treatment 18% (?), long term 

medical treatment of CHn 10%, CAB surgery 4%. However, it is 

d i f fic u 1 t t 0' e val ua t e i f the r e duc t ion in cas e fat a 1 i t Y i 8 

directly due to better management or to reduced severity of" the 

. 1 • • 
dlsease as a consequence of rlsk factor reductlon. 

However, better knowledge of the disease, and better 

diagnostic methods have led to decision-making, diagnostic and 
t 

S. DIAGNOSTIC AND CODING ARTIFACT 

It is possible that secular trends in disease diagnosis, 

de-ath certification and coding practices have affected CHD 

mortality rates. 
(' 

Se~ular changes in diagnostic practices h.ve occurred 

following increwses in knowledge OD the Datural history of the 

disease, inct>eased availability of evolving diagnostiè 

procedures, increased accessibility to care and inçrea.ed 

" expec ta t ions from the po pu 1 a t ions. 
1 

Several attempts have been 

made towards diagnostic validation (Cardiology Surveillance 

Study, Honica Project, Rova Scoti. Sa.katchevan Cardiova.cular 
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Study). The fa1ae positive rate has been 8S high 8S 39% (103). 

One can imagine that better knowledge and diagnostic procedures 

wou 1 d r e duc e th e fa 1 sep 0 s i t i.,y e rat es, t he r e for e art { fic i a Il y 

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) j over-

reporting of CVD also increases with age particularly over 75-

years of sge, and the p~pulation is agiog. 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 ln the over-reporting 

tendency. 

Death certificate coding practices have undergone secular 

changes a1so. The last revision, the Ninth Revision of the 

International Classification of Diseasesj introduced in Canada 

in 1979, produced an artificial reduction in chronic CHD 

mortality rates. 

If the decline was a coding artifact, there likely would 

have been a shift from CHD to other ca~diovascula-r diseases. 

However, mortality rates for other CVD categories declined as 

weIl: I:'heumatic heatt disease (ICDA 390-398) by 34.7%, 

hypertensive heart disease (ICDA 400 to 404) by 48.9% and 

cerebrovascular disease (ICnA 400 to 404) by 27.9%. Togèther 

vith CHD, the!e categories represent 90% of ail CVD mortality. 

Moreover, thé lIlortality rate from ail f CVD declined by 21.4%. 

. <. 
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o Thus the CHD decline cannot be explained 801ely by a coding 
• 

shift to other CVD. 

It cannot be explained by a coding ahift to aaother cause 

of deàth either aince mortality rates for most other causes of 
o 

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 cannot explain, even partially, the CHD mot'tality • 

rate decline observed during that period of time. 

Also the death certificate coding errer rates do not 

differ significantly between the provinces of Nova Scotia and 

Saskatchewan for either year, 1970 or 198.4. Therefore, death 

certificate coding error rates cannot êxplain these two 

'. '. provinces CHD mortality rate differences. 

lt is interesting to notice that death certificate coding 

error rates increase significantly with age. This is similar to 

the findings observed for error rates in diagnosis and death 

eert i fieate accùracy,> 

Also death certificate coding error rates increase 

s igni ficant ly wi th the number of comorbid condi t ions noted. 01\ 

the death certificate. 

> , 
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IJ 
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6. CONqLUS ION 

The CHD mortality rate decline observed in Canada over the 

last ~uarter of the century is ,robably real. There is Little 

doubt the reduction of CHO risk factors in the population leads 

to reduction in incidence rates. The geographic and 

chronologie pattern of onset of the decline in CHD m"rtality 

rates appear to be more similar to other patterns of" social 
1 

changes (diet, smoking) and shifts in productive economic 

activities than ta diffusion of medical care (11). 

Ind i v id ua ls have bene f ited from reduc i ng their risk 

J 
factors and from improved CHD lnanagement. However, the imp.:8c t 

of CHD ~anagement on cao mortati~y rates is difficult ta assess 

at a population level. 

Di~gno8tic and death certifiaation inaccuracies may have 

lead to artificial reductions in CHD mortality rates. However, 

the lack noticeable· shifts within the CVD category or with 

anothe r ca tegory make 8 i t di f f icu 1 t for thé d iagnos t lC and 

death certification inaecuraeies to exp\ain an important part 

of the CHO mortality rates decline. 

Th is 'i t udy shows that dea th eer t ifi ca te coding var ia t ion 
, 

cannot explain, even partially, CHD mortality rates decline .. 

The study also shows that death certificate coding error rates 

increase with âge and the number of comorbidity expressed on 

the death certifieate • 

. 
r 
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APPENDIX l 

Age Stanœrdized MOl"tality Rate1l, of 1984, By Province, Ages 25-74 

; . 
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" "Hisk of lllortality acconJing to cigarette h.lbll 

(men 45 to 74 years, Frami.llgham Study, 20-year fullu\\. 
up) 

Aueragc allnuai incidellce per WOIl 
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.. 

li 

Cardia-~ Corollary 
Cigarettes vascular Sudd,l1I disease VI,'II1I1 
per da.r mortalily deat/, /IIortaUty III UI (II 111,\ "\ 

None 7.0 1.3 2.4 Uo 
< 20 8.4 1.7 3.1 Il :\ 
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logistic Risk Function Estunates al 
Average 4-Yr Follow·up. Wlth 

Fixed Values of Other Risk 
Factor Variables: 
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densUy lipoproteln (HOl) cholesterol ln United States white males. From 
the Llpld Res8arch CUnies population. LOL = low-density fipoprolein; 
TRIG :a trlylycerldes. 
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APPENDIX 16 

ISCHAIIUIC HBART DISBASB (410414) , 

Jncludea: with mention of hypertension (condition. in 401-4(5) 
Use additional code, if detîred, to ideJttifY presence of hypertension 

, ( 

410 . Aeate myoeJdllllnrlrctlon 
( 

Cardiac infarction 
Coronary (artery): 

embolism 
- occhlsion 

rupture 
thrombosis 

Jnfarction: 
. heart 

myocardlum 
ventricle 

o 

Rupture: 
heart 
myocardlum ' 

Subcndocardial Infarction 
Any condition in 414.1-414.9 spc­

cifjed as acute or with a staled 
duralion of 8 weeks or less 

411 Other leute and subaeate fonDS of Ischaemlc hurt dlsease 

Coronary: 
faiture 
Inlufflciency (acute) 

Jntermediale coronary syndrome 

411 Old myoardlai Inf~rctlon 

Hoaled myocardial infaret 

Microinfarct of heart 
Preinfarctiol\ syndrome 
Postmyocardlal infarcûon or 

Dressler's syndromc .... 

Past myocardial infaretion diagnosed on ECO or other special investiga­
tion, but"currently presenting no symptoms 

413 Anllna pedorla 

Anslna: 
NOS 
cardlae 
decubitui /' 
ofetrort \ , 

Anginal syndrome 
Slcnocardia 

414 OtMr fonu of ehronlc laehaemlc heart dlsease 

Excludea: cardloYasçular arteriosclerosis, dcgenèration, disease or 
'" - aclerosls (429.2) 

414.0 Coronaryailr,roscltrosu 
Atherostlerotic heart diseasc 
Coronary atheroma 

414.1 .......",.",. p/ Mar, 

Coronary (artcry) sclerosis 

Aneuryam: - Ventricular aneurysm 
coronary .. 
mural 

414.8 0''''' 
IlCbIernJa. myocardial (cbronlc) 1 

~ Any condition in 410 .peciRed u cbroDlc or with a &taled duration of 
over8 weeb 

414.' UIUpftffial 
,1Icbaemlc lIart dJIeue NOS 

.. -'" ' ---~ 

\ " ~ ... / 
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. APPEND IX 17 '--' 

MONTHLY VITAL STATISTIOS REPORT 

..... ,. CQMPARABILITY RATIOS FOR 72 SELECTEO CAUSES: B"SEO OH A 5TRA TIFIED RANOOM $AMPLE OF ".,. D~ATHS AlSIOHID ACCORDINO 'Tb T' 
HINTH REVISION AND ON ALL DUTHS ASSIGNED ACCORDINO TD THE EIGHTH REVISION OF THE INTERNAnONAL CLASSIFICATION OF PillAIt 
UHtllDlTATES 1 • 

\ 

ID_o ........... or'.IIo._ ...... ct ... '!o .. 'h. LII' of70S,,"cted C.u_ of Du'. _ ............ "."7"111' th. AJuI .... SII_"1 
a 

Humber 01 deatha 
.ulgned .ccwdinll 10-

EI.lmel'" 

N1nlh Elvhlh compar .. 
Ceu .. 01 de'lh INlnlh R.vlslon 6' Ih. b.nlV 

'nl .. nliionel Cllulllcatron 01 DI ...... 18761 R.vl.ion n.villon 
'''IoZ 

C •• llmalfit hOI.1 
Irom.mpl.) coun'" ... 

CU (2' (31 

IlChemie hlerl dlse •••• _______ w , 
n, w.""0-414 667.520 846,073 0.8184 

Acut. rnv-dlll,n'.'ctlon._w ....... 
____ 410 

319.562 319,477 . 1.0003 
01 ..... KUI •• nd lubeeUl. forna oIllChemlc he.n di .... _ .. _.411 4.924 4,028 1.2224 
Angina pecaoris. __ • __ • __ .. _ ••••. w __ ._ ....... _ •• ____ • __ 413 196 186 1.0484 
0IcI mVOCl,d .. IIn,.,etlon .nd Olh., 'Olmi of,ehronlc lech.mle 
hier, di_II ____ " ... ___ 412,414 242.839 322.382 0.7533 

01 ..... dl ..... 01 .ndoca'dlu'"----_ . , ,. ____ ._w_~ .. 424 6.'~4 ",195 1.2286 
A" olher lorml 01 ho,. dl ........... _ .. __ ._ .. _ .. _ ......... u~I6-423.425 ... 29 '~ ... 701 49.810 2.5036 

... ... 

&,or of Ih •• 111 ... 1. 
o. the , •• 10 ln C31 

R., •• lve SI.ndard alandl,d 
'"or ."or 

(4' (5' 

0.0038 -0:-4 
0.0054 0.1 
0.0661 U 
0.0868 8.4 

0.0065 0.7 
0.0227 1.8 
0.0251 1.0 

~ 
\ 

SII5~_t ' 
con'ldtnce Umit.a 

Upper 1.0 .... 

. 
UD 171 

...,:8I5t -0.8109 
1.0101 0.9191 
1.351' l.oe29 
1.1189 0.0171 

0.7840 0.7421 
1.2731 Ua41 
2.5539 2.i5U 
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4 . ~,f.~. :~'-Hbl:-. 

"1= 1 
f· ~ -

1 1.1 1 

H Ul HER: 
F- LJLL CODE 

15 16 1 / 18 

:~ 
1 , 

-------------------
27 28 

-------------------

-------------------
:.6 37 -:'8 39 
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