


Table of Contents

  1 Influential observations in weighted analyses:  Examples
from the National Longitudinal Survey of Children and
Youth (NLSCY)

Jennifer J Macnab, JJ Koval, KN Speechley, and MK Campbell

  9 The estimation of heritability for twin data based on
concordances of sex and disease

Hongzhuan Tan, Mark Walker, France Gagnon, and Shi Wu Wen

13 Breast cancer trends in Manitoba: 40 years of follow-up
Alain A Demers, Donna Turner, Daojun Mo, and Erich V Kliewer

20 Smoker preference for “elastic cigarettes” in the 
Canadian cigarette market

Michael O Chaiton, Neil E Collishaw, and Aaron J Callard

25 Trends in mortality from diabetes mellitus in Canada,
1986–2000

Jinfu Hu, Glenn Robbins, Anne-Marie Ugnat, and Chris Waters

Status Reports

30 The Canadian Incidence Study of Reported Child 
Abuse and Neglect (CIS)

Ambika Dewan and Lil Tonmyr

32 Calendar of Events

33 Index

Information for Authors 
(on inside back cover)

Chronic Dis eases in Can ada
a pub li ca tion of the Pub lic Health

Agency of Can ada

Da vid Carle-Ellis
Acting Ed i tor-in-Chief
(613) 952-3299

Sylvie Stachenko
Prin ci pal Sci en tific Ed i tor
(613) 954-8629

Ste phen B Hotz
As so ci ate Sci en tific Ed i tor

Rob ert A Spasoff
As so ci ate Sci en tific Ed i tor

Claire In fan te-Rivard
As so ci ate Scienfitic Ed i tor

Marion Pogson
As sis tant Eng lish Ed i tor

Nicole Beaudoin
Ed i to rial Co or di na tor/
Pub lisher

Ca thy Marleau
Desk top Pub lisher

Francine Boucher
Graphic De sign

CDIC Ed i to rial Com mit tee

Jacques Brisson
Université Laval

Neil E Collishaw
Phy si cians for a 
Smoke-Free Can ada

James A Hanley
McGill Uni ver sity

Clyde Hertzman
Uni ver sity of Brit ish
Co lum bia

C Ineke Neutel
Uni ver sity of Ot tawa
 Institute on Care of
the Elderly

Kathryn Wilkins
Health Sta tis tics Di vi sion
Sta tis tics Can ada

Chronic Dis eases in Can ada (CDIC) is a quar terly
 scientific jour nal fo cus sing on cur rent ev i dence  rele- vant
to the con trol and pre ven tion of chronic (i.e., non- com mu -
ni ca ble) dis eases and in ju ries in Can ada. The jour nal
pub lishes a unique blend of peer-re viewed fea ture ar ti cles 
by au thors from the pub lic and pri vate sec tors that may
in clude re search from such fields as ep i de mi ol ogy, pub -
lic/com mu nity health, biostatistics, be hav ioural sci ences
and health ser vices. Au thors re tain re spon si bil ity for the
con tent of their ar ti cles; the opin ions ex pressed are not
nec es sar ily those of the CDIC Ed i to rial Com mit tee or of
the Pub lic Health Agency of Can ada.

Sub scrip tion is free upon re quest.

When no ti fy ing us of a change of ad dress,
please en close your old ad dress la bel.

Chronic Dis eases in Can ada
Pub lic Health Agency of Can ada

130 Col on nade Road
Ad dress Lo ca tor: 6501G

Ot tawa, On tario   K1A 0K9

Fax: (613) 941-3605
E-mail: cdic-mcc@phac-aspc.gc.ca

In dexed in In dex Medicus/MEDLINE, PAIS (Pub lic
Af fairs In for ma tion Ser vice) and EMBASE, the

Excerpta Medica da ta base.

This pub li ca tion is also avail able on line at
http://www.phac-aspc.gc.ca/publicat/

cdic-mcc

Pub lished by au thor ity of the Min is ter of Health
©Min is ter of Pub lic Works and Gov ern ment Ser vices Can ada 2005
ISSN 0228-8699

Aussi disponible en français sous le ti tre Mal a dies chroniques au Can ada

Apol o gies

We ex tend our sin cere apol o gies to Dr. Claire
Infante-Rivard, whose name was in ad ver tently omit ted
from the mast head of Vol ume 25, No. 3/4 of Mal a dies
chroniques au Can ada and from the Chronic Dis eases in
Can ada Web site. Both of these over sights have since
been cor rected.



In flu en tial ob ser va tions in weighted anal y ses:
Ex am ples from the Na tional Lon gi tu di nal Sur vey of
Chil dren And Youth (NLSCY)

Jennifer J Macnab, JJ Koval, KN Speechley, and MK Camp bell

Ab stract

This paper high lights the impact of sur vey weights on model fit in mul ti ple lin ear regres sion
with spe cific ref er ence to the National Lon gi tu di nal Sur vey of Chil dren and Youth (NLSCY)
and pro vides rec om men da tions for the treat ment of influ en tial obser va tions. Mul ti ple lin ear
regres sion was used to esti mate the asso ci a tion between child and fam ily fac tors in the
pre school years and vocab u lary devel op ment at school age. Anal y ses were per formed with
and with out sur vey weights. The model fit was assessed by exam in ing the dis tri bu tion of the
studentized resid u als and the change in the regres sion coef fi cients that would occur if an
obser va tion were removed. Two sum mary mea sures of influ ence, Dffits and Cook’s D are
reported. The mod els were refit exclud ing influ en tial obser va tions. Weight ing of the lin ear
model resulted in pre vi ously non-influ en tial obser va tions hav ing an undue influ ence on the
esti ma tion of the regres sion param e ters in the weighted model. The influ en tial obser va tions
were driven pri mar ily by the size of the sur vey weight as opposed to unusual val ues of x and y. 
Research ers work ing with large national health sur veys such as the NLSCY and the National
Pop u la tion Health Sur vey (NPHS) are advised to include a detailed influ ence anal y sis before
any final con clu sions are made.

Key words:  epidemiologic meth ods; health sur veys; influ en tial obser va tions; lin ear mod els;
regres sion anal y sis

In tro duc tion

Any sur vey that puts re stric tions on
sampling be yond those of sim ple ran dom
sam pling is com plex in de sign and re quires
spe cial an a lyt i cal con sid er ations. There are
two main is sues in the anal y sis of com plex
sur veys: 1) the use of sam ple weights to cor -
rect for dif fer en tial rep re sen ta tion and 2) the
ef fect of sam ple de sign on es ti mates of sam -
pling er ror. This pa per fo cus ses on the use of 
sur vey weights for valid pa ram e ter es ti ma -
tion and the po ten tial im pli ca tions for
anal y sis.

Sur vey weights are used to re flect the dif fer -
ing prob a bil i ties of se lec tion within each
stra tum. The prin ci ple be hind es ti ma tion in
a prob a bil ity sam ple is that each per son rep -
re sents sev eral other peo ple. Each re cord is
there fore weighted by the in verse of the
prob a bil ity of se lect ing the per son. In ad di -
tion, weights can be used to cor rect for dif -
fer en tial re sponse rates within subsamples
and post-strat i fi ca tion can be used to ad just
the sam ple dis tri bu tion to a known pop u la -
tion dis tri bu tion. Ig nor ing the weights in the
anal y sis of com plex sur vey data will re sult in 
bi ased pa ram e ter es ti mates. 

Some au thors dis agree about the ne ces sity of 
weighted anal y sis. Be cause ex treme weights
in a rel a tively small num ber of clus ters can
greatly in crease vari ance, Korn and
Graubard1 sug gest as sess ing the im pact of
weight ing on model ef fi ciency. If weighted
anal y sis re sults in an un ac cept able in crease
in vari ance, then an un weight ed anal y sis in -
cor po rat ing de sign vari ables may be more
ap pro pri ate. This ap proach is only pos si ble if 
an ap pro pri ate set of de sign vari ables is
avail able for in clu sion in the model. Stra tum
and clus ter in di ca tors are not rou tinely avail -
able from Sta tis tics Can ada or through the
Re mote Data Cen tres (RDCs). One of the rea -
sons for this is that the sam pling strat egy is
so com plex that it can not be eas ily mod elled
with a dis crete set of de sign vari ables, and
there fore the an a lyst wish ing to take ad van -
tage of rich data sources such as the Na tional 
Lon gi tu di nal Sur vey of Chil dren and Youth2

(NLSCY) or the Na tional Pop u la tion Health
Sur vey (NPHS) must use a model that in cor -
po rates the sur vey weights pro vided by
Statistics Can ada.

In the lit er a ture, most of the dis cus sion on
weighted anal y sis has been fo cussed on the
im pact of weight ing on model ef fi ciency.
Marked dif fer ences in the pa ram e ter es ti -
mates be tween weighted and un weight ed
anal y ses are as sumed to be due to im por tant
miss ing covariates. In clud ing these covari-
ates in the model should min i mize the dif fer -
ence be tween weighted and un weight ed
parame ter es ti mates. There has been lim ited
dis cus sion, how ever, of the im pact of sur vey 
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weights on the po ten tial in flu ence that a sin -
gle ob ser va tion may have on the model fit.

In the anal y sis of any data set there tend to
be a few ob ser va tions that lie at the ex tremes 
of the dis tri bu tion of the vari able(s) of in ter -
est. In a mul ti ple lin ear re gres sion, it is the
dis tri bu tion of the re sid u als that is of pri -
mary in ter est. Large re sid u als, al though in -
dic a tive of poor fit, are ac cept able as long as
they do not have an un due in flu ence on the
es ti mate of the pa ram e ters. If the out ly ing
ob ser va tion has an x-value that is at the
centre of the X dis tri bu tion, it will have lit tle
im pact on the least-squares fit. If how ever,
the out ly ing ob ser va tion has an x-value that
is at the ex treme of the X dis tri bu tion, it will
ex ert strong le ver age on the re gres sion co ef -
fi cients be cause it is more im por tant in de ter -
min ing the model fit. The com bi na tion of
high le ver age (at the ex treme of the X-dis tri -
bu tion) with a re gres sion out lier can pro -
duce sub stan tial in flu ence on the es ti mate of
the re gres sion co ef fi cients.3,4 In a large data
set, a de tailed anal y sis of in flu en tial ob ser va -
tions is of ten un nec es sary be cause the large
num ber of ob ser va tions means that no one
ob ser va tion has the po ten tial to have an
undue in flu ence on the least-squares fit.
How ever, in the anal y sis of sur vey data, the
de gree of in flu ence that an ob ser va tion may
have on the es ti mate of the pa ram e ters is
determined not only by the size of the
residual and the le ver age of the x-value, but
also by the size of the sur vey weight
assigned to the out ly ing ob ser va tion. In di -
vid u als who, as a re sult of sam ple de sign,
have been as signed a large weight have a
greater po ten tial to in flu ence the least-
squares fit than in di vid u als who rep re sent
only a very small pro por tion of the
pop u la tion.

Anal y sis of sur vey data from Sta tis tics
Canada is com monly a two-step pro ce dure.
The pre lim i nary model build ing is done us -
ing a weighted model-based anal y sis, such as 
can be achieved us ing SAS PROC REG with a 
WEIGHT state ment. The parame ter es ti -
mates (b) from this model are valid but the
stan dard er rors are an un der es ti mate of the
true vari ance. Once the fi nal model has been
cor rectly spec i fied, a de sign-based boot strap
vari ance es ti ma tion pro ce dure can be used
to ob tain the cor rect stan dard er rors.

Ex am ple SAS and SPSS code for boot strap
vari ance es ti ma tion pro ce dures are avail able 
from Sta tis tics Can ada. This pa per de scribes
pro ce dures for the pre lim i nary model-based
anal y sis and dem on strates how a com par i -
son of weighted and un weight ed mod els can 
be a use ful tool dur ing pre lim i nary anal y sis
for iden ti fy ing prob lems in model fit. The
im pact of weight ing was ex am ined by com -
par ing the re gres sion pa ram e ter es ti mates
and re gres sion di ag nos tics for both mod els.
In flu en tial ob ser va tions were iden ti fied by a
care ful eval u a tion of the sam ple dis tri bu tion
of the studentized re sid u als (Rstudent) and
the change in the es ti mated re gres sion co-
efficients that would oc cur if an ob ser va tion
were re moved. 

Meth ods

Data Source

The data for this study came from the mas ter 
data files for cy cle 1 and cy cle 2 of the
National Lon gi tu di nal Sur vey of Chil dren
and Youth2 (NLSCY) housed at Sta tis tics
Can ada in Ot tawa, On tario. The NLSCY is a
joint pro ject of Hu man Re sources De velop-
ment Can ada and Sta tis tics Can ada. It is a
pop u la tion-based lon gi tu di nal sur vey de -
signed to mon i tor the de vel op ment and well- 
be ing of Can ada’s chil dren as they grow
from in fancy to adult hood. The tar get pop u -
la tion for cy cle 1 was Ca na dian chil dren
from new born to 11 years of age who lived
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Un weight ed Weighted

Mean/
Pro por tion

Mean/
Pro por tion

SEb

Out come

PPVT-R 99.78 98.10 0.61

Child pre dic tors

SGA (< 10 percentile)
LGA (≥ 90 percentile)
Pre ma ture (< 259 days)
Fuss i ness
Per sis tence
Externalizing be hav iour
In ter nal iz ing be hav iour
Mo tor so cial de vel op ment
Good health

0.06
0.14
0.10

16.70
26.53
10.89

4.58
97.98

0.87

0.05
0.14
0.11

16.70
26.48
10.45

4.55
96.62

0.88

0.01
0.01
0.09
0.36
0.41
0.25
0.15
0.69
0.01

Fam ily pre dic tors

Sin gle par ent sta tus
Fam ily size ≥ 4

PMKa Age³ 25
Ed u ca tion < High school
Col lege/Uni ver sitya

Low in come (< LICO)
So cial sup port (< 10 percentile)
Fam ily dys func tion

0.12
0.06
0.89
0.13
0.43
0.21
0.06
7.63

0.19
0.04
0.90
0.17
0.40
0.26
0.09
7.67

0.02
0.01
0.01
0.02
0.02
0.02
0.02
0.23

Covariates
Small city (< 100,000)
Ru ral area
For eign born
New Im mi grant (< 10 yrs)

0.31
0.29
0.08
0.03

0.21
0.21
0.10
0.04

0.02
0.02
0.02
0.01

a PMK = Per son Most Knowl edge able. In 91.3% of cases this was the mother
b The stan dard er rors for the weighted means were cal cu lated us ing boot strapped vari ance 

es ti ma tion pro ce dures

TABLE 1
Un weight ed and weighted means and pro por tions for the child and fam ily

pre dic tors in boys (n = 1,115)



in pri vate house holds. The first cross-
sectional sam ple was col lected in 1994.
Since that time sub se quent cy cles have been
re peated ev ery two years.

The cal cu la tion of the sur vey weights for the
NLSCY was a multi-stage pro ce dure. The
main steps in the cal cu la tion of the sur vey
weights are sum ma rized here; for more com -
plete de tails, the in ter ested reader should
refer to the NLSCY doc u men ta tion.2 The
NLSCY used in for ma tion col lected from the
La bour Force Sur vey5 (LFS) to iden tify
house holds with chil dren un der the age of
12. There fore, the sur vey weights in the
NLSCY in cor po rate the sam pling strat egy of
the LFS. The weight for each re cord be gan
with the ba sic weight (BW) from the LFS.
This weight was the in verse of the pro-
bability of the dwell ing be ing se lected.
Simply put, if 10 out of ev ery 1000 house -
holds were sam pled, the ba sic weight would
be 100 (1000/10) in that each house hold in
the sam ple rep re sents 100 house holds in the
pop u la tion. The ba sic weight was then
adusted for sub-sam pling (SS), non-re sponse 
(NR), and ru ral/ur ban (RU) dis tri bu tion. If
the num ber of dwell ings in a clus ter in -
creased to the ex tent that it cre ated field
collection prob lems, then a smaller sam ple
(sub-sam ple) was used to keep in ter viewer
as sign ments man age able. The sub-sam pling
cor rec tion was equal to the ra tio of the
number of dwell ings in the orig i nal clus ter to 
the num ber of dwell ings in ter viewed. There
was a non-re sponse rate of ap prox i mately
5% in the LFS. Sur vey weights were cor -
rected for non-re sponse by pro por tion ately
in creas ing the weights of re spond ing house -
holds by the ra tio of the num ber sam pled to
the num ber re spond ing. Post-strat i fi ca tion
was also used to cor rect the es ti mate of
rural/ur ban counts to es ti mates de rived
from the cen sus. The LFS sub-weight was
there fore equal to the BW*SS*NR*RU. The
LFS sub-weight was then ad justed for sam -
pling fea tures of the NLSCY. This in cluded
cor rec tions for the num ber of ro ta tions used
from the LFS, up dat ing of the sam pling
frame to ad just for changes within the three
month lag be tween the LFS and the NLSCY,
house holds with more than one fam ily,

house holds with more than four chil dren,
non-re sponse, and post-strat i fi ca tion to the
1995 cen sus es ti mates. The fi nal weights
pro vided with the NLSCY are at the level of
the in di vid ual. Both cross-sec tional and lon -
gi tu di nal weights are pro vided with each
record. The weights pro vided with each
record are expsansion weights in that they

sum to the pop u la tion size, not to the sam ple 
size. 

Se lec tion of Study Sam ple

This study was re stricted to the anal y sis of
lon gi tu di nal data from cy cle 1 and cy cle 2 for 
the 2- to 3-year-old age co hort. Pre dic tor
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Boys (n=1,115)

Un weight ed Weighted

b b % change

In ter cept 81.80 73.21

Covariatesa

Ur ban/ru ral area
• Small city (< 100,000)
• Ru ral area

-1.49
-2.27

-1.43
-3.08

4.0
30.0

PMKb born out side of Can ada/USA -1.74 -4.11 136.2

New im mi grant (< 10 yr) -9.18 -6.92 24.6

Child

Size for ges ta tional age
• SGA (< 10 per cen tile)
• LGA (≥ 90 per cen tile)

-2.07
-0.30

0.86
-0.35

141.6
16.7

Pre ma ture (< 259 days ges ta tion) -2.07 -2.04 1.5

Fuss i ness scale 0.17 0.31 82.4

Per sis tence scale -0.13 -0.03 76.9

Externalizing be hav iour scale -0.24 -0.38 58.3

In ter nal iz ing be hav iour scale 0.13 0.28 115.4

Mo tor so cial de vel op ment scale 0.22 0.23 4.6

Good health -0.91 0.60 165.9

Family

Sin gle par ent sta tus 0.85 3.09 263.5

Fam ily size ≥ 4 -3.33 -3.36 0.9

PMKb age ≥ 25 3.71 5.71 53.9

PMKb ed u ca tion
• < High school
• Col lege/uni ver sity

-2.59
1.58

-0.50
2.03

80.7
28.5

In come (< LICO) -3.76 -7.26 93.1

Lack of so cial sup port (<10 percentile) -2.81 -1.90 32.8

Fam ily dys func tion -0.23 -0.37 60.9

Note: Pa ram e ter es ti mates with more than a 75% change in the size of the co ef fi cient be tween the
un weight ed and weighted mod els are bolded for em pha sis.

a All mod els also con trolled for prov ince of res i dence coded as 9 dummy vari ables with On tario as the
ref er ence level. 

b PMK = Per son Most Knowl edge able. In 91.3% of cases this was the mother

TABLE 2
Lin ear re gres sion pa ram e ter es ti mates for the pre lim i nary un weight ed and
weighted model-based anal y sis of re cep tive vo cab u lary on child and fam ily

fac tors in boys



vari ables were col lected from cy cle 1 when
the child was 2 to 3 years of age and out -
come data were col lected from cy cle 2 when
the child was 4 to 5 years of age. The study
sam ple was re stricted to sin gle ton births and 
lim ited to one child per house hold. The fi nal
study sam ple con sisted of 2,538 chil dren
who were age 2 to 3 years in cy cle 1 (1994),
and 4 to 5 years in cy cle 2 (1996).

Anal y sis

All anal y ses were con ducted by re mote sub -
mis sion to Sta tis tics Can ada and ex e cuted on 
the mas ter data file. To il lus trate the im pact
of sur vey weights on pa ram e ter es ti mates in
re gres sion anal y sis, two pre lim i nary mul ti -
ple lin ear re gres sions were de vel oped for the 
pre dic tion of vo cab u lary de vel op ment at age 
4 to 5 years, as mea sured by the Pea body
Pic ture Vo cab u lary Test6 (PPVT-R), by child
and fam ily fac tors at age 2 to 3 years. The
PPVT-R is a stan dard ized test of re cep tive
vo cab u lary with a mean of 100 and a stan -
dard de vi a tion of 15. All anal y ses were con -
ducted us ing SAS ver. 8.0. The first model
was an un weight ed lin ear re gres sion us ing
PROC REG. The sec ond model in cluded a
WEIGHT state ment that spec i fied the lon gi -
tu di nal weight vari able from the NLSCY data 
file. Stan dard er rors for the fi nal model were
cal cu lated us ing boot strap vari ance estima-
tion. 

Dif fer ences in the pa ram e ter es ti mates be -
tween the un weight ed and weighted model
are ex pected be cause the un weight ed model

does not ac count for the un equal prob a bil ity
of se lec tion within the sam ple. How ever,
when the as so ci a tion un der ex am i na tion is
not re lated to the sam ple de sign, the dif fer -
ence be tween the pa ram e ter es ti mates from
each model should be min i mal. Large dif fer -
ences, not eas ily ex plained by the sam ple
design, should alert the an a lyst to po ten tial
prob lems in model fit dur ing pre lim i nary
model build ing. In par tic u lar, the po ten tial
im pact that sur vey weights can have on in -
flu en tial ob ser va tions. 

Un ex pected dif fer ences be tween weighted
and un weight ed mod els can some times be
ac counted for by im por tant miss ing
covariates. There fore, the model build ing
be gan with com pre hen sive sets of child and

fam ily vari ables. The dif fer ence be tween the
un weight ed and weighted mod els can be
even more pro nounced if the miss ing
covariates are strongly re lated to the sam ple
de sign. For this rea son, the mod els also in -
cluded a set of geo graph ical (prov ince and
ru ral/ur ban sta tus) and socio-cul tural
covariates (par ent’s coun try of birth and im -
mi gra tion sta tus). The in clu sion, and sub se -
quent elim i na tion, of in ter ac tion terms
tested for po ten tial ef fect mod i fi ca tion by
prov ince or ru ral/and ur ban area. Concep-
tually re lated vari ables were en tered in
blocks and the model was re duced (α = .20) 
to find the best sub set of vari ables to rep re -
sent the con struct. The in de pend ent child
vari ables se lected were neo na tal sta tus
(prematurity, size for ges ta tional age), tem -
per a ment (fuss i ness, per sis tence) be hav iour
(externalizing, in ter nal iz ing) de vel op ment at 
age 2 to 3 years (mo tor so cial de vel op ment
scale) and health sta tus at age 2 to 3 years.
The in de pend ent fam ily vari ables in cluded
two mea sures of fam ily struc ture (sin gle par -
ent sta tus and fam ily size) four mea sures of
fam ily re sources (pa ren tal age, ed u ca tion,
in come, and so cial sup port) and one mea -
sure of fam ily func tion ing. 

Large dif fer ences be tween un weight ed and
weighted pa ram e ter es ti mates can also oc cur 
if the weighted model is misspecified. There -
fore, re sid ual scatterplots and par tial resi-
dual plots were ex am ined for ev i dence of
non-lin ear ity.3 If in di cated, higher or der
terms were en tered and tested us ing
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back ward elim i na tion (α = .05). The corre-
lation ma trix vari ance in fla tion fac tors (VIFs)
and con di tion in di ces (CIs) were ex am ined
for ev i dence of multicollinearity. Fi nally, ef -
fect mod i fi ca tion by gen der was tested by in -
clu sion of in ter ac tion terms (pre dic tor Χ
gen der). Five in ter ac tion terms re mained in
the model af ter back ward elim i na tion
(α  = .05), τherefore the model was split on
gen der. For pur poses of ex am ple, only the
re sults for boys are re ported.

The fi nal step in the pre lim i nary model
build ing in volved the iden ti fi ca tion of in flu -
en tial ob ser va tions. The most di rect mea sure 
of in flu ence is the Dfbeta, which ex press the
im pact on each co ef fi cient in the model of
de let ing each ob ser va tion in turn in terms of
a stan dard ized co ef fi cient. The prob lem with 
the ex am in ing Dfbetas in a large data set is
their sheer num ber. For each model there are 
n(k+1) Dfbetas val ues gen er ated; where
n = the sam ple size and k= the num ber of
vari ables in the model. Be cause of the large
num ber of Dfbetas gen er ated for each
model, two sum mary mea sures of fit were
ex am ined first to gain in sight into the ef fect
of de let ing a sin gle ob ser va tion. If the

sum mary mea sures in di cated a sin gle obser-
vation was in flu en tial then the na ture of the

in flu ence was ex am ined by look ing at the
Dfbetas for that ob ser va tion.

Two sum mary mea sures of in flu ence were
ex am ined: Dffits and Cook’s D. Dffits pro vide 
a sum mary mea sure of the stan dard ized
change in all of the pa ram e ter es ti mates
when a sin gle ob ser va tion is re moved.
Cook’s D is a scale in vari ant dis tance mea -
sure of in flu ence (dis crep ancy times le ver -
age) on all the pa ram e ter es ti mates in the
fit ted model.3 Cri te ria for de fin ing in flu en tial
val ues can be based on ex ter nal scal ing, in -
ter nal scal ing, and/or gaps in the dis tri bu -
tion of the fit sta tis tic.7 Ex ter nal scal ing
pro vides cut off val ues based on sta tis ti cal
the ory. Stan dard ized fit sta tis tics, such as
Rstudent, Dffits, and Dfbetas, are in ter preted
in the same way as z-scores and are con-
sidered large if their value ex ceeds 2. How -
ever, ab so lute cut off val ues are based on
assumptions about the dis tri bu tion of the re -
sid u als and may risk miss ing rel a tively in flu -
en tial data. In ter nal scal ing de ter mines
cut off val ues based on an ex am i na tion of the 
sam ple dis tri bu tion of the fit sta tis tics. Val -
ues that ex ceed 3.5 times the interquartile
range are con sid ered large.7 No tice able gaps
in the sam ple dis tri bu tion of the fit sta tis tic
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Un weight ed Weighted

n = 1,115 n = 1,100a n = 1,115 n = 1,100a

RSTUDENTb

Mean
Me dian
Min
Max

0.000
--0.094
-3.115
3.816

-0.020
-0.070
-3.978
4.213

0.007
0.007

-4.545
7.503

-0.019
-0.070
-3.978
4.213

Dffits

Mean
Me dian
Min
Max

0.000
0.000

-0.610
0.794

-0.009
-0.008
-0.966
0.920

-0.001
-0.008
-2.531
2.978

-0.009
-0.008
-0.966
0.920

Cooks D

Mean
Me dian
Min
Max

0.001
0.001
0.000
0.020

0.001
0.000
0.000
0.030

0.002
0.000
0.000
0.272

0.001
0.000
0.000
0.030

a Ex clud ing in flu en tial ob ser va tions
b RSTUDENT = Studentized re sid ual

TABLE 3
Dis tri bu tion of re gres sion di ag nos tic sta tis tics for both weighted and

un weight ed lin ear re gres sion of com pe tence on child and fam ily pre dic tors in
boys: Start ing model (n = 1,115) and model ex clud ing

in flu en tial ob ser va tions (n = 1,100)
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can iden tify ob ser va tions that are in flu en tial
rel a tive to the rest of the sam ple. Graph i cal
anal y sis of the Dffits and Cook’s D val ues were 
con ducted to iden tify ex treme val ues rel a tive
to the sam ple and gaps in the dis tri bu tion.
Based on the graph i cal anal y sis of the fit sta -
tis tics, a stan dard cri te rion for iden ti fy ing in -
flu en tial ob ser va tions was developed.
Ob ser va tions with |Dffits| > 1 or Cook’s D
>.3 were de fined as in flu en tial. Influential
ob ser va tions from the weighted anal y sis were 
re moved and both mod els were re peated. The 

im pact of re mov ing the in flu en tial ob ser va -
tions was ex am ined by a com par i son of the 
re gres sion pa ram e ters in both the weighted 
and un weight ed mod els.

Re sults

De scrip tive sta tis tics for the vari ables
selected for the re gres sion anal y sis are
shown in Ta ble 1. There are only slight dif -
fer ences be tween the un weight ed and
weighted means and pro por tions for the

child and fam ily pre dic tors. How ever, there
is a sub stan tial dif fer ence be tween the un -
weight ed and weighted es ti mates for the
geo graph ical and socio-cul tural covariates
be cause they are closely as so ci ated with the
prob a bil ity of se lec tion. The weights are
larg est for large cit ies within large prov inces. 
When the weights are pos i tively cor re lated
with x, then the un weight ed mean of x will
be an un der es ti mate of the pop u la tion mean. 
Be cause sin gle par ent sta tus, ed u ca tion less
than high school, low in come, and lack of
so cial sup port are more com mon in large
urban centres in large prov inces, the un -
weight ed pro por tions un der es ti mate the true 
pop u la tion pro por tions. Small ur ban cen tres
and ru ral ar eas are over rep re sented in the
sam pling frame and as such the un weight ed
es ti mates are over es ti mates of the true popu- 
lation pa ram e ters. 

Ta ble 2 shows the pa ram e ter es ti mates for
the un weight ed and weighted re gres sion of
vo cab u lary (PPVT-R) on child and fam ily
fac tors. There was a sub stan tial dif fer ence
(greater than a 75% change in the size of the
re gres sion co ef fi cients) in the pa ram e ter es ti -
mates for small for ges ta tional age (SGA),
fuss i ness, per sis tence, in ter nal iz ing be hav -
iour, gen eral health, sin gle par ent sta tus,
education, and in come. Be cause of the
marked dif fer ence be tween the pa ram e ter
es ti mates from the un weight ed and
weighted mod els, both mod els were ex am -
ined to de ter mine if any ob ser va tions were
hav ing an un due in flu ence on the pa ram e ter
es ti mates. 

Fig ure 1 shows the dis tri bu tion of the
studentized re sid u als for the un weight ed
male model of vo cab u lary (PPVT-R) on child 
and fam ily pre dic tors. Al though some re sid -
u als ex ceed 2, the dis tri bu tion is rel a tively
nor mal and as can be seen from Figure 2,
none of the ob ser va tions has an un due in flu -
ence on the pa ram e ter es ti mates, in that the
dffit val ues do not ex ceed .75. In the
weighted model (see Fig ure 3), the stu-
dentized re sid u als ranged from –4.75 to 7.75
and the dis tri bu tion was skewed to the right. 
The two ob ser va tions with the larg est re sid -
u als were pre vi ously not ex treme values.
The large re sid u als in the weighted model
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Un weight ed Weighted

n =  1,115 n = 1,100a n = 1,115 n = 1,100a S.E.c   

In ter cept 81.80 80.82 73.21 72.77 4.87

Covariatesb

Small ur ban (< 100,000)
Ru ral area
PMK birth
New im mi grant (< 10 yr)

-1.49
-2.27
-1.74
-9.18

-1.02
-1.66
-1.85

-10.63

-1.43
-3.08
-4.11
-6.92

-0.72
-1.68
-3.01

-10.75

1.18
1.35
2.36
3.44

Child

SGA < 10 percentile
LGA ≥ 90 percentile
Pre ma ture (< 259 days)
Fuss i ness
Per sis tence
Externalizing be hav iour
In ter nal iz ing be hav iour
Mo tor so cial de vel op ment
Good health

-2.07
-0.30
-2.07
0.17

-0.13
-0.24
0.13
0.22

-0.91

-2.64
-0.14
-2.30
0.16

-0.13
-0.24
0.18
0.23

-0.93

0.86
-0.35
-2.04
0.31

-0.03
-0.38
0.28
0.23
0.60

-2.10
-0.57
-3.33
0.23

-0.04
-0.30
0.34
0.25
0.57

2.55
1.34
1.76

.10

.08

.12

.19

.03
1.61

Family

Sin gle par ent sta tus
Fam ily size ≥ 4
PMK age ≥ 25
Ed u ca tion < High school
Ed u ca tion > Hiigh school
Low in come (< LICO)
So cial sup port (< 10 percentile)
Fam ily dys func tion

0.85
-3.33
3.71

-2.59
1.58

-3.76
-2.81
-0.23

-0.07
-4.65
3.43

-3.08
1.89

-3.20
-3.03
-0.20

3.09
-3.36
5.71

-0.50
2.03

-7.26
-1.90
-0.37

0.67
-3.61
3.56

-3.41
3.03

-4.80
-3.62
-0.22

1.92
2.23
1.70
1.70
1.21
1.56
1.57

.10

Rsquare 0.19 0.20 0.23 0.27

Adj R-Sq 0.16 0.18 0.22 0.25

Note: Bolded pa ram e ter es ti mates in di cate vari ables for which re moval of the in flu en tial ob ser va tions
re sulted in a change in the re gres sion co ef fi cient of greater than 1 stan dard de vi a tion (s.e.).

a Ex clud ing in flu en tial ob ser va tions
b Model also con trolled for prov ince of res i dence.
c Standard er ror cal cu lated us ing boot strap vari ance es ti ma tion

TA BLE 4
Com par i son of pa ram e ter es ti mates in un weight ed and weighted lin ear
re gres sion mod els of com pe tence on child and fam ily vari ables with and

with out in flu en tial ob ser va tions in boys.



were pri mar ily due to the in clu sion of the
sur vey weights not un usual val ues of x and
y. Both ob ser va tions have sur vey weights
well over 1,000. More im por tantly, these
observations are now hav ing un due in flu -
ence on the pa ram e ter es ti mates as ev i -
denced by the large dffit val ues (see Fig ure
4). Large sur vey weights are not nec es sar ily
prob lem atic in and of them selves. The prob -
lem here oc curs be cause the dis tri bu tion of
the sur vey weights in the NLSCY is skewed
to the right. Fig ure 5 shows the smoothed
dis tri bu tion of the lon gi tu di nal sur vey
weights for males.

The weights range from a low of 20 to a high
of just over 4,000. There are very few ob ser -
va tions with ex treme weights; when paired
with a less than per fect fit, these obser-
vations can have a large in flu ence on the
parameter es ti mates. The sur vey weights are 
de ter mined by the sam pling de sign and as
such are geo graph i cally de ter mined. Fifteen
ob ser va tions in the weighted model with a
dffits value greater than 1.0 or Cook’s D
greater than 0.3 were de fined as in flu en tial
and were ex cluded. All of the in flu en tial
cases were from large ur ban cen tres in large
prov inces (On tario, Que bec, or BC) and had
sur vey weights in ex cess of 1,000. It was not
pos si ble to get in di vid ual pro files for the
dropped cases due to con fi den ti al ity rea sons. 
How ever, it was pos si ble to iden tify vari -
ables as so ci ated with large sur vey weights.
Prov ince (On tario, Que bec and BC) and
large ur ban cen tres were clearly as so ci ated

with weights in the top 5th per cen tile. In
boys, cases with sur vey weights in the top
5th per cen tile were 32 more times likely to
come from a large ur ban cen tre as com pared
to a small ur ban cen tre and 42 times more
likely to come from a large ur ban cen tre as
com pared to a ru ral area. In ad di tion, cases
with large sur vey weights were four times
more likely to have been born within Can -
ada/US, and four times as likely to come
from a sin gle par ent house hold. The sur vey

weight was not as so ci ated with the out come
of vo cab u lary 

The im pact of re mov ing the in flu en tial
observations was far greater in the weighted
model than in the un weight ed model (see
Ta ble 3). The max i mum studentized re sid -
ual dropped from 7.5 to 4.2 in the weighted
model whereas the max i mum studentized
re sid ual changed from 3.8 to 4.2 in the un -
weight ed model, sup port ing the con ten tion
that the in flu en tial ob ser va tions were driven
pri mar ily by the sam pling weight as op posed 
to un usual val ues of x and y. 

The im pact of re mov ing the in flu en tial ob -
ser va tions rel a tive to both the size and vari -
abil ity of the es ti mate can also be seen by
com par ing the pa ram e ter es ti mates in the
full model to the pa ram e ter es ti mates from
the fi nal model, ex clud ing the in flu en tial
observations. Re mov ing the in flu en tial ob -
ser va tions al tered the pa ram e ter es ti mates
for geo graphic area (ru ral), im mi gra tion
status, size for ges ta tional age, sin gle par ent
sta tus, pa ren tal age, ed u ca tion, in come,
social sup port, and fam ily dys func tion by
greater than one stan dard de vi a tion (see
Table 4). The in flu en tial ob ser va tions had
re sulted in an over es ti ma tion of the ef fects of 
geo graphic area, sin gle par ent sta tus,
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FIGURE 4
Distribution of dffits (Stan dard in flu ence on pre dicted value) in weighted male

model of PPVT-R on child and fam ily pre dic tors
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pa ren tal age, in come, and fam ily dys func -
tion and an un der es ti ma tion of the ef fects of
size for ges ta tional age, ed u ca tion and so cial
sup port. 

Dis cus sion

The ba sic weight for the NLSCY was de rived
from the LFS. The sam pling strat egy for the
LFS was de signed to equally rep re sent var i -
ous geo graph ical ar eas. The use of the LFS to 
iden tify house holds with chil dren re sulted in 
non-con tig u ous strata and some times only
one clus ter within a stra tum. The re sult ing
dis tri bu tion of sam pling weights is mark edly 
skewed with a few cases with ex tremely
large weights rel a tive to the rest of the sam -
ple. A skewed weight dis tri bu tion will re sult
in a weighted anal y sis be ing more in ef fi cient 
than an un weight ed anal y sis.8 How ever, as
dem on strated in this pa per, an other im por -
tant, and of ten over looked, im pli ca tion of a
skewed weight dis tri bu tion is the po ten tial of 
heavily weighted ob ser va tions to have an
un due in flu ence on the pa ram e ter es ti mates. 
Al though meth ods such as ro bust es ti ma -
tion9 and down weight ing8,10 have been sug -
gested for the treat ment of in flu en tial clus -
ters in sur vey data, all of these ap proaches
re quire ac cess to stra tum and clus ter in di ca -
tor vari ables and as sume that there is more
than one clus ter per stra tum. This is not al -
ways the case in sur veys such as the
National Lon gi tu di nal Sur vey of Chil dren
and Youth (NLSCY) and the Na tional Pop u -
la tion Health Sur vey (NPHS) and is the rea -
son that Sta tis tics Can ada rec om mends the
use of boot strap pro ce dures to cor rectly es ti -
mate the vari ance. 

Skewed weight dis tri bu tions are a char ac ter -
is tic of not only the NLSCY but also the
NPHS. Both are ex tremely rich data sources
that can be used to help an swer a num ber of
pop u la tion health ques tions with im por tant
im pli ca tions for guid ing pol icy de vel op ment
over the next 10 years. A com par i son of the
weighted and un weight ed anal y ses is a use -
ful tool dur ing pre lim i nary model build ing.
Large un ex pected dif fer ences be tween the
pa ram e ter es ti mates from the weighted and
un weight ed mod els can help flag im por tant
miss ing covariates, model misspecifiation,
or un de tected in ter ac tion. All anal y ses
should in clude a de tailed in flu ence anal y sis.

Ob ser va tions that are hav ing an un due in flu -
ence on the weighted model fit should be
excluded from the fi nal model. Given the
size of the orig i nal sam ple, re moval of a few
ob ser va tions should not have a mean ing ful
im pact on the generalizability of the re sults.
Fail ure to do so could re sult in er ro ne ous
con clu sions, and in the case of the NLSCY,
mea sures of as so ci a tion un duly in flu enced
by the ex pe ri ence of chil dren from large cit -
ies in large prov inces. The stan dard er ror of
the pa ram e ter es ti mates in the fi nal model
should be cal cu lated us ing boot strap vari -
ance es ti ma tion with the rep li cate weights
and code avail able from Sta tis tics Can ada. 
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The es ti ma tion of heritability for twin data based on
con cor dances of sex and dis ease

Hongzhuan Tan, Mark Walker, France Gagnon, and Shi Wu Wen

Ab stract

Heritability is an im por tant mea sure in chronic dis ease ep i de mi ol ogy. Al most all de vel oped
meth ods of heritability es ti ma tion for di chot o mous out comes in twin data are based on
con cor dance of monozygous (MZ) and dizygous (DZ) twins. How ever, most ex ist ing twin
reg is tries, which pro vide a unique and ef fi cient op por tu nity to as sess the pu ta tive ge netic ba sis 
of dis eases, do not have zygosity in for ma tion. We de vel oped a method that can be used to
es ti mate the heritability for twin data with no in for ma tion on zygosity. The only con di tions on 
us ing this method are that the stud ied dis ease in ci dence is not strongly re lated to sex, and the
dis tri bu tion of zygosity is in ac cor dance with Wein berg’s rule. Us ing asthma twin data which
has histological con firmed zygosity, we com pared the re sults of our method with Holzinger’s
for mula. The heritability of asthma was 24.88% (95%CI 21.98% - 27.78%) and 29.83%
(95%CI 22.28% - 37.38%) es ti mated by our method and Holzinger’s for mula re spec tively. We 
con clude that our new method can be used in the es ti ma tion of heritability with large twin
reg is ter data with no zygosity in for ma tion avail able.

Key words: heritability, sex, twin reg is ters, zygosity, Wein berg’s rule

In tro duc tion

Heritability (h2) could be de fined as the ra tio
of ad di tive ge netic vari ance (Sg

2) to
phenotypic vari ance (Sp

2=Sg
2+Se

2 [en vi ron -
men tal vari ance]).1 Heritability es ti mates
pro vide base line in for ma tion about the ge -
netic ar chi tec ture of a chronic dis ease or di -
chot o mous trait. The heritability cal cu lated
for a dis ease can be used in ge netic con sul ta -
tion, as a ref er ence in clin i cal di ag no sis, and
can help in de ci sion-mak ing pro cesses such
as set ting pri or i ties for re search fund ing al lo -
ca tion or pre ven tion pro gram de vel op -
ment.2–5 Ge netic vari ance and herit- abil ity
can be es ti mated in sev eral ways. The most
di rect method is to ob tain an es ti mate of Se

2

by mak ing a num ber of ho mo zy gous lines
from the pop u la tion, cross ing them in pairs
to re con sti tute in di vid ual het ero zy gotes, and 
mea sur ing the phenotypic vari ance within

each het ero zy gous ge no type, and thus es ti -
mat ing Se

2. The Sg
2 can then be ob tained by Sg

2

sub tracted from the value of Sp
2 in the orig i -

nal pop u la tion. 

Other es ti mates of ge netic vari ance can be
ob tained by con sid er ing the ge netic sim i lar i -
ties be tween rel a tives from fam ily data plus
pop u la tion data, twin data plus pop u la tion
data, or only from twin data.1 The com -
monly used meth ods of heritability es ti ma -
tion for di chot o mous vari ables in twins
in clude Fal coner’s method and Holzinger’s
method. Fal coner’s method is based on the
dif fer ence be tween con cor dance rate of
studied dis ease among monozygous (MZ)
and dizygous (DZ) twin pairs and in ci dence
rate in gen eral pop u la tion.6 Holzinger’s for -
mula,7–8 is based only on the ob served con -
cor dance rate of stud ied dis ease among
monozygous (MZ) and dizygous (DZ) twin

pairs. The com monly used method of
heritability es ti ma tion for con tin u ous vari -
ables in twins is Nichol’s method, the cor re -
la tion of vari ables in each class of twins
in stead of the con cor dance rate (h2 = 2
(rMZ – rDZ) / rMZ).

9 All of these meth ods
require in for ma tion of zygosity for ev ery
twin pair. 

There are many large twin reg is tries in the
world that can be rich re sources for chronic
dis ease ge netic epidemiologic stud ies.10–12

Such reg is tries usu ally pro vide un bi ased
data, since they are rep re sen ta tive of an
entire pop u la tion. How ever, histologically
de ter mined zygosity in for ma tion is not
avail able in most of these large com put er -
ized data reg is tries. As a re sult, Holzinger’s
for mula can not be used. Sofaer and
Holloway13 have re ported a heritability es ti -
ma tion method that is based on the con cor -
dance of twin pairs, the pro por tion of same
sex (SS) pairs among all con cor dance
affected pairs, and the prev a lence of the
stud ied dis ease in the gen eral pop u la tion.
Sofaer & Hol lo way’s method es ti mates the
heritability (h2) by an it er a tive pro ce dure
using a range of pos si ble val ues for h2, cal cu -
lat ing the cor re spond ing PE (the ex pected
pro por tion of con cor dant af fected pairs
like-sexed) at each it er a tion and choos ing as
h2 that value of h2 which make the PE clos est
to PO (the ob served pro por tion of con cor dant 
af fected pairs like-sexed). In ad di tion to its
com plex cal cu la tion, Sofaer & Hol lo way’s
method needs the gen eral pop u la tion data
about the stud ied dis ease prev a lence and
uses data on con cor dance twin pairs only,
re sult ing in re duced ef fi ciency. More over,
Sofaer & Hol lo way’s method is re stric tive to
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dis eases with prev a lence rang ing from 0.1%
to 10%. In this pa per, we in tro duce a sim pler 
and more ef fec tive method that es ti mates
heritability us ing twin data with out con fir -
ma tion of zygosity.

Mod i fi ca tion of Holzinger’s
method

From Holzinger’s method of heritability es ti -
ma tion we de duced the formula mak ing it
suit able for twin data with out zygosity in for -
ma tion. Holzinger’s for mula of heritability
es ti mate from twin data is as fol lows:

h2= (CMZ – CDZ) / (1– CDZ)     (1)

here, the h2 is heritability, CMZ is proband
con cor dance rate of dis ease in MZ twin
pairs, and CDZ is proband con cor dance rate
of dis ease in DZ twin pairs. The proband
con cor dance rate is given as Cp = (C+C’) /
(C+D+C’), where C is the to tal num ber of
++ pairs, C’ is the num ber of ++ pairs in
which the two af fected mem bers have been
as cer tained in de pend ently, and D is the
num ber of +- pairs. When as cer tain ment is
com plete, C = C’, so that Cp = 2C /
(2C+D)(8). On the ba sis of Holzinger’s for -
mula, we set:  

COS: proband con cor dance rate of dis ease in
op po site sex (OS) twin pairs

CSS: proband con cor dance rate of dis ease in
same sex (SS) twin pairs

NSS: num ber of SS twin pairs

NOS: num ber of OS twin pairs

Pr (DZ*SS): prob a bil ity of be ing DZ twin
pairs in SS twin pairs

Pr (MZ*SS): prob a bil ity of be ing MZ twin
pairs in SS twin pairs

Given that all OS twin pairs are DZ, sup pose
that the oc cur rence of the stud ied di chot o -
mous trait is not re lated to sex, the proband
con cor dance rate of the dis ease in OS twin
pairs is equal to the proband con cor dance
rate of the dis ease in DZ twin pairs (CDZ=
COS). Ac cord ing to Wein berg’s rule,8 the
prob a bil ity of DZ in SS twin pairs equals to
the ra tio of NOS and NSS, namely: 

Pr (DZ*SS) =NOS/NSS

Thus

Pr (MZ*SS) =1- Pr (DZ*SS) =1- NOS/NSS

CSS = Pr (DZ*SS)* CDZ + Pr (MZ*SS) * CMZ

And

CMZ  = (Css- Pr (DZ*SS)* CDZ) / Pr (MZ*SS)
       = (CSS- NOS/NSS * COS) / (1- NOS/NSS)

So we have:

h2 = (CMZ- CDZ)/ (1- CDZ)
    = ([(CSS- NOS/NSS * COS) / (1- NOS/NSS)] -
         COS) / (1- COS)         (2)

Us ing for mula (2), we can cal cu late the
heritability only with the proband con cor -
dance rate of dis ease in SS and OS twin pairs, 
and the num ber of SS and OS twin pairs.

If the sam ple size is large, we can cal cu late
the stan dard er ror of heritability S (h2) and
the con fi dence in ter val (CI of h2 with the
for mula14:

                                                             (3)*

95%CI of h2 = h2±1.96S (h2)    (4)

Here, NMZ and NDZ are the num ber of MZ and 
DZ twin pairs re spec tively. When zygosity
in for ma tion is not avail able, we can have
CMZ = (CSS- NOS/NSS * COS) / (1- NOS/NSS),
CDZ = COS, NDZ = 2NOS, NMZ = NSS - NOS by
ap ply ing Wein berg rule. 

In this for mula, we have as sumed that the
oc cur rence of the stud ied di chot o mous trait
is not strongly re lated to sex and the SS
dizygotic twin pairs are ap prox i mately equal 
in num ber to OS twin pairs ac cord ing to the
Wein berg rule.8

If we know the pro por tion of DZ (Pr (DZ)) in
all twin pairs in a pop u la tion, we can use
this Pr (DZ) to cal cu late the heritability, com -
bined with the Pr (OS) (the ob served pro por -
tion of OS twin pairs in all twin pairs), Pr (SS)

(the ob served pro por tion of SS twin pairs in
all twin pairs), and the Call (con cor dance rate 
of the stud ied di chot o mous trait in all twins). 
Un der this sit u a tion, the sec ond con di tion is
not re quired, and we can mod ify the
formulae for CMZ and h2. We have:

Pr (MZ) (the pro por tion of MZ twin pairs in all
twin pairs) = 1 - Pr (DZ)

Be cause:

Pr (DZ) * CDZ + Pr (MZ) *CMZ = Call

So: CMZ = (Call - Pr (DZ) * CDZ) / Pr (MZ)

             = (Call - Pr (DZ) * COS) / (1 - Pr (DZ)) (5)

h2 = (CMZ- CDZ)/ (1- CDZ)
    = ([(Call - Pr (DZ) * COS) / (1 - Pr (DZ))]
         –COS) / (1 – COS)                             (6)

In or der to es ti mate the heritability with for -
mula 2, we need to know COS, CSS, NOS, and
NSS. If we use for mula 6, we need to know Pr

(DZ), COS, and Call. All these vari ables are usu -
ally avail able in large reg is ter da ta bases.

Ap pli ca tion to asthma twin
data set 

We used pub lished data15 of twins with
asthma with histologically de ter mined
zygosity as an ex am ple to val i date our
method. The study sam ple in cluded 3,807
twin pairs. Of these, 1,232 pairs are
monozygous fe male (MZF), 566 pairs are
monozygous male (MZM), 751 pairs are
dizygous fe male (DZF), 352 pairs are
dizygous male (DZM), and 906 pairs are
dizygous op po site sex (DZO). There were
three types of twin pairs ac cord ing to the dis -
tri bu tion of asthma: both twins had asthma
(D-D), one of the twins had asthma (D-N),
and nei ther twin had asthma (N-N). The re -
sults are listed in Ta ble 1. Based on data in
Ta ble 1, we cal cu lated the heritability (h2) of
asthma us ing Holzinger method and the
method pre sented in this pa per, and com -
pared the re sults. Only the D-D and D-N twin 
pairs were used in the cal cu la tion of con cor -
dance rate. 

Us ing Holzinger method:

Con cor dance rate in monozygous twins (CMZ):

CMZ= (106*2) / ([106*2] +249) =0.4599

Con cor dance rate in dizygous twins (CDZ): 

CDZ= (63*2) / ([63*2] +421) =0.2303
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Heritability h2 = (CMZ- CDZ) / (1- CDZ) =
(0.4599-0.2303) / (1-0.2303) =29.83%

The stan dard er ror of heritability S (h2) =
0.0385

95% con fi dence in ter val (CI) of h2: 22.28% -
37.38%

Us ing our newly de vel oped
method

Nss=2901
Nos=906

Con cor dance rate in same sex twins (Css): 
Css= (137*2) / ([137*2] +467) =0.3698

Con cor dance rate in op po site sex twins (Cos): 
Cos= (32*2) / ([32*2] +203) =0.2397=CDZ

Con cor dance rate in monozygous twins (CMZ):
CMZ= (CSS- NOS/NSS * COS) / (1- NOS/NSS) =
(0.3698 (906/2901)*0.2397) / (1-906/2901)
=0.4289

Heritability h2 = (CMZ- CDZ) / (1- CDZ) =
(0.4289 - 0.2397) / (1- 0.2397) = 24.88%

The stan dard er ror of heritability
S (h2) =0.0148

95% con fi dence in ter val (CI) of h2: 
21.98% - 27.78%

Dis cus sion

Large un bi ased twin reg is tries pro vide a
unique op por tu nity to ver ify the role of
genetics in chronic dis ease eti ol ogy, which is 
a cru cial step be fore ex ten sive and ex pen sive 
ge netic epidemiologic re search is un der -
taken. Un for tu nately, be cause in for ma tion
on zygosity is of ten not avail able in these

data, avail able meth ods can not be used to
cal cu late heritability from the twin reg is try
data. On the other hand, in for ma tion on
infant sex is al most al ways avail able in reg is -
try data. Heritability es ti mates based on sex
and dis ease con cor dance, such as the
method in tro duced in this pa per, will fa cil i -
tate chronic dis ease ge netic epidemiologic
stud ies, par tic u larly in the use of ex ist ing
large twin reg is tries. 

In the for mula of heritability es ti ma tion,
none of the pa ram e ters are re lated to dis ease
prev a lence. The con cor dance (C) is re lated
to the ge netic ef fect only, and not re lated to
the prev a lence. As shown in Ta ble 1, the
heritability es ti ma tion is just re lated to the
D-D and D-N, and is not re lated to the N-N.
The NOS/NSS is a ra tio: it is de ter mined by
Wein berg rule and the ra tio of NMZ to NDZ,
and is not re lated to the prev a lence of the
dis ease. If the prev a lence changes, it only in -
flu ences the num ber of N-N, and the num ber 
of N-N is not re lated to our for mula. There -
fore, our method has no re stric tion to the
prev a lence of dis ease. Our method re quires
that SS dizygotic twin pairs are ap prox i -
mately equal in num ber to OS twin pairs ac -
cord ing to Wein berg rule.8 Al though there
are some vari a tions in the ra tio of SS to OS in 
DZ twin pairs, the ra tio is very close to the
ra tio in di cated by Wein berg rule.16,7 Our
method is there fore ap pli ca ble to many
chronic dis eases or di chot o mous traits,
although it is lim ited to dis eases or di chot o -
mous traits with no strong sex ef fect. If the
stud ied dis ease or di chot o mous trait is
strongly re lated to sex, CDZ will not equal to
COS, and the for mula will be in cor rect. In
addition, since the method is based on

af fec tion sta tus (i.e., dis ease con cor dance),
the es ti mates will be more re li able for dis -
eases with a clear dis tinc tion be tween
affected and un af fected in di vid u als.

Our method is sim pler to cal cu late than
Sofaer & Hol lo way method,13 and, be cause it 
uses both con cor dance twin pairs and dis -
cor dant twin pairs, it is more ef fi cient. Sofaer 
& Hol lo way method is lim ited to dis eases of
the prev a lence range 0.1% to 10%, whereas
our method the o ret i cally has no re stric tion
in dis ease prev a lence. 

As il lus trated in the ex am ple, us ing dis ease
con cor dance in same sex and op po site sex
twin pairs, our method yielded an es ti ma tion 
of heritability for asthma of 24.88% (95% CI
21.98% 7.78%), which is quite sim i lar to the 
heritability es ti mated by Holzinger method
with histologically con firmed zygosity data
for the twins (29.83%, 95% CI 22.28%
7.38%). Al though the stud ied dis ease
(asthma) is some what re lated to sex, the COS

(0.24) es ti mated by our method is very close
to the CDZ (0.23) es ti mated by Holzinger
method, and the S(h2) from our method
(0.0148) is lower than the S(h2) from
Holzinger method (0.0385), in di cat ing that
our method is com pa ra ble in terms of pre ci -
sion. Fur ther more, the two as sump tions in
our method, namely the dis ease oc cur rence
not be ing strongly re lated to sex and, as
many DZ twin pairs in SS twin pairs as the
num ber of OS twin pairs, can be sat is fied in
many chronic dis eases or di chot o mous
traits. As a re sult, our method can find a
broad ap pli ca tion.
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Sex and Zygosity Group

MZF MZM MZ DZF DZM DZO DZ SS OS

D-D 67 39 106 19 12 32 63 13 32

D-N 185 64 249 136 82 203 421 467 203

Sub-to tal 252 103 355 155 94 235 484 604 235

N-N 980 463 1,443 596 258 671 1,525 2,297 671

To tal 1,232 566 1,798 751 352 906 2,009 2,901 906

Con cor dance rate 0.42 0.55 0.46 0.22 0.23 0.24 0.23 0.37 0.24

(Hop per JL, Genet Epidemiol, 1990, 7 (4):277 898)

TABLE 1
Num ber of twin pairs with asthma by zygosity and sex
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Breast can cer trends in Man i toba: 40 years of fol low-up

Alain A Demers, Donna Turner, Daojun Mo, and Erich V Kliewer

Ab stract

This study re ports a com pre hen sive ar ray of breast can cer sta tis tics for Man i toba for a 40-year
pe riod. Data from the Man i toba Can cer Reg is try were com bined with the pro vin cial
pop u la tion-based reg is tra tion file to de ter mine trends in breast can cer in ci dence, prev a lence
and mor tal ity rates, as well as sur vival and the prob a bil ity of be ing di ag nosed with breast
can cer in the next 10 years. The age-stan dard ized in ci dence rate of breast can cer in creased by
0.99/100,000 women per year over the 40 years of fol low-up (69.6/100,000 women in 1960,
109.9/100,000 women in 1999). Mor tal ity rates peaked in 1986 (35.7/100,000 women), while 
the 1999 mor tal ity rate (26.0/100,000 women) was al most com pa ra ble to the 1960 rate
(22.4/100,000 women). No sig nif i cant trend in mor tal ity rate was ob served over the 40-year
pe riod. The 5-year prev a lence rate of breast can cer in creased by 8.6/100,000 women per year.
Be tween 1960-64 and 1995-99, 5-year sur vival in creased from 0.62 to 0.86. The prob a bil ity of
be ing di ag nosed with breast can cer in the next 10 years in creased the most for women 60
years of age. The breast can cer bur den in Man i toba is rap idly evolv ing mainly be cause of the
in creas ing in ci dence and the better sur vival of cases. 

Keywords: breast neoplasms; in ci dence; prev a lence; reg is tries; vi tal sta tis tics

In tro duc tion

Breast can cer is the most fre quently di ag -
nosed can cer in women around the world.
Its in ci dence is in creas ing in most in dus tri al -
ized coun tries; even in some ar eas of China,
where the risk of breast can cer is low, the
incidence rates have risen by more than 50% 
be tween 1972 and 1994.1-5 World wide, new
cases of fe male breast can cer ac counted for
18% of all can cer cases in 1980, 19% in
1985, 21% in 1990, and 22% in 2000.3-6

Breast can cer is also a lead ing cause of death 
at trib uted to can cer. It was es ti mated that
174,000 women died from breast can cer in
de vel oped coun tries in 1990, which rep re -
sents 17% of all deaths due to can cer in
women.7 

Al though in ci dence and mor tal ity rates tend
to be readily avail able for many in dus tri al -
ized coun tries, his tor i cal in for ma tion on

other sta tis tics such as prev a lence and sur -
vival are rarely ac ces si ble. These data are
key to can cer sur veil lance and the mon i tor -
ing of can cer con trol ac tiv i ties. With the
increasing in ci dence of breast can cer and the 
de creas ing mor tal ity from the dis ease, health 
care plan ners re quire ac cu rate in for ma tion
on prev a lent cases in or der to plan the al lo -
ca tion of ser vices for a rap idly evolv ing sit u -
a tion. A re cent es ti mate by Pisani et al.8

in di cated that the 5-year prev a lence rate of
breast can cer in high-in come coun tries was
392/100,000 women in 1990. How ever,
information on prev a lence re mains scarce
for most ju ris dic tions and where avail able, it 
is es ti mated mainly from in ci dence and mor -
tal ity rates.9 

Can ada, like many other coun tries, rou tinely 
pub lishes in for ma tion on breast can cer in ci -
dence and mor tal ity, but less on prev a lence
and sur vival. On a na tional level, Health

Can ada has es ti mated that 21,200 women
(30% of all fe male can cer cases) will be
diagnosed with breast can cer in 2004, which
makes it the most fre quent in women.10

Among the Ca na dian prov inces, Man i toba
had the high est av er age age-stan dard ized
incidence rate of breast can cer be tween 1990 
and 2000 (105.8/100,000 women) fol lowed
by Nova Sco tia (103.6/100,000 women).
Between 1989 and 1999, Man i toba has had
an av er age age-stan dard ized mor tal ity rate
(28.3/100,000 women), which was com pa -
ra ble to the over all Ca na dian rate
(28.9/100,000 women).11 

While these data il lus trate the sig nif i cance of 
breast can cer as a pub lic health con cern in
Man i toba, key ques tions re main about the
his tor i cal trends in in ci dence and mor tal ity
as well as the bur den of the dis ease on the
pop u la tion and the health care sys tem as
mea sured by prev a lence and sur vival. In
par tic u lar, are these rel a tively high rates a
new phe nom e non? What kind of prog no sis
(sur vival) can Manitobans ex pect, and has it
im proved? How do these trends trans late
into prev a lence? The cur rent study ad dresses 
these ques tions by ex am in ing trends of
breast can cer in ci dence, mor tal ity and 5-year 
prev a lence rates as well as rel a tive sur vival
and the prob a bil i ties of be ing di ag nosed with 
breast can cer from 1960 to 1999.

Method

Data sources and pop u la tion

The Man i toba Can cer Reg is try, which is
housed at CancerCare Man i toba, was es tab -
lished in 1937 and be came pop u la tion-based 
in 1956. Mul ti ple sources of as cer tain ment of 
in ci dent cases are used, in clud ing phy si cian
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no ti fi ca tions, pa thol ogy and he ma tol ogy
reports, and hos pi tal iza tion, mor tal ity, and
au topsy re cords. For ev ery case, the Can cer
Reg is try in cludes in for ma tion on di ag no sis
ac cord ing to the ICD-9 code (ICD-10 since
2002), age at di ag no sis and date of di ag no -
sis, tu mour grade, tu mour mor phol ogy and
vi tal sta tus. The Man i toba Vi tal Sta tis tics de -
part ment pro vides in for ma tion on mor tal ity.
In ex am in ing cases reg is tered from 1991 to
1995, the North Amer i can As so ci a tion of
Central Can cer Reg is tries es ti mated the
Manitoba Can cer Reg is try to be 95% com plete 
in as cer tain ing all can cer cases.12

In ci dent cases of ma lig nant breast can cer
(ICD-9 174) di ag nosed among Man i toba res i -
dents and re corded in the reg is try from Jan u -
ary 1, 1960 to De cem ber 3l, 1999 were
in cluded in the anal y sis. For women who had
mul ti ple pri mary breast can cers, only in for ma -
tion on the first event re ported was con sid ered. 
Breast can cer cases could have been di ag -
nosed with other pri ma ries than breast can cer
be fore their first di ag no sis of breast can cer.
Information used for the cal cu la tion of
cause-spe cific mor tal ity rates came from the
Vi tal Sta tis tics Agency of the Gov ern ment of
Man i toba. Prev a lence and rel a tive sur vival

were de ter mined us ing death in for ma tion
from the Man i toba Can cer Reg is try in com bi -
na tion with the Man i toba Pop u la tion
Registration file main tained by Man i toba
Health. The pop u la tion file in cludes cov er -
age start and end dates (death, em i gra tion)
for all Manitobans reg is tered for the pro vin -
cial Health In sur ance Plan. Two-year and
5-year prev a lence were de fined as the num -
ber of women who had been di ag nosed with 
breast can cer in Man i toba and who were still 
alive and res i dent of the prov ince two and
five years af ter di ag no sis. To tal prev a lence
was based on those women who were alive
and still re sid ing in Man i toba at the end of
the study pe riod. In for ma tion on em i gra tion
was ob tained from the Man i toba Health
Population Reg is tra tion file. Fol low-up in for -
ma tion (deaths, mi gra tion) was avail able for 
13,665 (73%) of the 18,596 women di ag -
nosed with breast can cer over the study
period. Of the women with cov er age in for -
ma tion, 7,388 (54%) were still liv ing in
Man i toba on Jan u ary 1, 2000, 5,767 (42%)
died within the study pe riod, and 510 (4%)
em i grated.

Anal y ses

In ci dence and mor tal ity rates were stan dard -
ized to the age dis tri bu tion of both the 1991
Ca na dian pop u la tion10 and the world

Vol 26, No 1, Winter 2005 14 Chronic Diseases in Canada

1960 1965 1970 1975 1980 1985 1990 1995 2000

Year

120

100

80

60

40

20

0

Canada World

R
at

e 
(/

10
0

,0
0

0
 w

o
m

en
)

FIGURE 1
Age-stan dard ized in ci dence rates of breast can cer (/100,000 women) in

Man i toba be tween 1960 and 1999
(rates were stan dard ized to the 1991 Ca na dian and World pop u la tion)

Pe riod of di ag no sis

Age groups

Stan dard ized rateb40–49 50–59 60–69 70–79 ≥80

1960–64 119 158 163 230 248 69   

1965–69 133 162 198 259 293 77   

1970–74 136 184 245 236 283 82   

1975–79 144 172 242 259 336 84   

1980–84 140 211 266 306 311 91   

1985–89 126 201 276 373 345 93   

1990–94 122 236 329 391 378 102   

1995–99 138 261 335 366 355 105   

An nual per cent
change in in ci dence
ratesa

1960–99: 0.06 1960–99: 1.45 1960–99: 1.80 1960–81: 0.66
1981–88: 5.91
1988–99: –0.99

1960–99: 0.89 1960–99: 1.14

a An nual per cent changes (APC) were de ter mined by Joinpoint anal y ses; APCs were cal cu lated by age group us ing sin gle cal en dar year, al though rates are
pre sented by 5-year pe ri ods; pe ri ods for which Joinpoint in di cated that there was a sig nif i cant change in the trend are shown.

b Rates were stan dard ized to the 1991 Ca na dian pop u la tion.

TABLE 1
Age-spe cific in ci dence rates of breast can cer (/100,000 women) in Man i toba

be tween 1960 and 1999 by pe riod of di ag no sis



pop u la tion.13 They were also stan dard ized to 
the Eu ro pean13 and 2000 US14 pop u la tions
for dis cus sion pur poses. Crude prev a lent
rates, in stead of ad justed rates, were pre -
sented as sug gested by Zanetti et al.9 These
au thors pointed out that crude prev a lence is
a more use ful and in for ma tive tool in de ter -
min ing the uti li za tion of health ser vices.
Trends and an nual per cent change (APC)
were de ter mined us ing Joinpoint Re gres sion
Pro gram (v2.7) dis trib uted by the Na tional
Can cer In sti tute (NCI) Sur veil lance,

Ep i de mi ol ogy, and End Re sults (SEER) di vi -
sion.15 The APC was cal cu lated us ing the
log-lin ear model, where the APC is equal to
100 * (em – 1) and m is the es ti mated slope of 
the re gres sion line.

Pop u la tion and death counts used in the
calculation of rel a tive sur vival and prob a bil i -
ties of be ing di ag nosed with breast can cer
were ob tained from Sta tis tics Can ada.16 A
SAS pro gram de vel oped by Paul Dickman
that uses the Ederer II method18 for

cal cu lat ing the ex pected num ber of deaths
was used to cal cu late the rel a tive sur vival
prob a bil i ties.17 The end point for sur vival
was death, em i gra tion (when avail able) or
the end of the study pe riod (De cem ber 31,
1999). Can cers di ag nosed by death cer tif i -
cates only (0.15%) or from death re ports
from un of fi cial sources (0.01%) were
excluded from the rel a tive sur vival anal y ses.
The prob a bil i ties of be ing di ag nosed with
breast can cer were cal cu lated us ing
DEVCAN 5.2.19,20 Data man age ment was
per formed us ing SAS (v8.2). 

Re sults

A to tal of 18,596 women were di ag nosed at
least once with breast can cer in Man i toba
be tween Jan u ary 1, 1960 and De cem ber 31,
1999. Over this time pe riod, 6.1% of women
di ag nosed with breast can cer were un der 40
years of age, 17.2% were aged 40–49 years,
21.3% were aged 50–59 years, 23.5% were
aged 60–69 years, 20.5% were aged 70–79
years and 11.5% were 80 years of age and
older. The in for ma tion of di ag no sis age was
miss ing for 0.06% of cases.
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Pe riod 

Age groups

Stan dard ized rateb40–49 50–59 60–69 70–79 ≥80

1960–64 29 62 77 87 149 26

1965–69 40 77 81 98 158 77

1970–74 29 69 93 129  179 30

1975–79 28 65 95 103  151 28

1980–84 27 64 91 119  174 29

1985–89 29 66 93 135  183 31

1990–94 24 53 97 135  179 28

1995–99 28 59 86 125  205 29

An nual per cent
change in mor tal ity
ratesa

1960–99: -0.73 1960–99: -0.55 1960–99: 0.26 1960–99: 0.95 1960–99: 0.66 1960–99: 0.08

a An nual per cent change (APC) were de ter mined by Joinpoint anal y ses; APC were cal cu lated by age group us ing sin gle cal en dar year,
al though rates are pre sented by 5-year pe ri ods; pe ri ods for which Joinpoint in di cated that there was a sig nif i cant change in the trend
are shown.

b Rates were stan dard ized to the 1991 Ca na dian pop u la tion.

TABLE 2
Age-spe cific and age stan dard ized mor tal ity rates of breast can cer 
(/100,000 women) in Man i toba be tween 1960 and 1999 by pe riod
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FIGURE 2
Age-stan dard ized mor tal ity rates from breast can cer (/100,000 women) in

Man i toba be tween 1960 and 1999 (rates were stan dard ized to the 
1991 Ca na dian and the World pop u la tion)



Al though there were fluc tu a tions in the
annual in ci dence and mor tal ity rates as a
result of the rel a tively small Man i toba pop u -
la tion, the age-stan dard ized in ci dence rate
in creased by 0.99/100,000 women per year
(p < 0.0001) over the 40-year fol low-up
(Fig ure 1). Over all, the in ci dence rate was
58% higher in 1999 than in 1960. The
changes were not the same across all age
groups (Ta ble 1). An in crease in in ci dence
was ob served in women older than 50 years
of age (p < 0.0001), but mainly in the 60–69
year age group. The Joinpoint anal y sis

in di cated that the in ci dence rate de clined in
the 70–79 age group be tween 1988 and
1999, al though it is too early to con sider
these re sults as a de fin i tive trend.  

The age-stan dard ized mor tal ity rate from
breast can cer re mained sta ble be tween 1960
and 1999 (0.038/100,000 women per year,
p = 0.35) (Fig ure 2). Age-spe cific mor tal ity
rates fluc tu ated in the dif fer ent age groups,
most likely as a con se quence of low fre quen -
cies, al though a de crease was noted in those
un der 60 years of age (p < 0.05) and an

in crease oc curred in those 70 years of age
and over (p < 0.03) (Ta ble 2). The num ber
of deaths per year ranged from 84 to 220,
with the high est num ber of deaths oc cur ring
in 1997, al though the high est an nual rate
was ob served in 1986.

The 2-year, 5-year and to tal prev a lence rates
all in creased over time (Fig ure 3). Be tween
1965 and 1999, the in crease per 100,000
women per year was 3.4 for two-year prev a -
lence, 8.6 for 5-year prev a lence and 33.4 for
to tal prev a lence. The age-spe cific 5-year
prev a lence rate increased the most among
women 60–69 and 70–79 years of age al -
though it rose in all women over 50 years of
age (Ta ble 3). 

The five-year rel a tive sur vival rate from
breast can cer im proved from 0.62 in
1960–64 to 0.86 in 1995–99 pe ri ods (Fig ure
4). Over the same time pe ri ods, the prob a bil -
ity of be ing di ag nosed with breast can cer for
the first time in the next 10 years was rel a -
tively con stant for women 30 and 40 years of 
age (Table 4). Women aged 60 years ex pe ri -
enced the high est prob a bil ity in crease; it
went from 1.6% in 1960–64 to 3.2% in
1995–99. 
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Year

Age groups

Crude rate40–49 50–59 60–69 70–79 ≥80

1965 400 654 679 909 1,105 234

1970 548 731 803 1,095  1,214 286

1975 542 822 1,043  984 1,151 316

1980 599 754 1,039  1,190  1,403 354

1985 562 903 1,207  1,459  1,472 411

1990 470 853 1,211  1,733  1,540 432

1995 502 1,036  1,496  1,810  1,797 511

1999 515 1,147  1,545  1,691  1,737 534

An nual per cent
change in prev a lence 
ratesa

1964–80: 2.17
1980–90: -2.57
1990–99: 1.66

1964–99: 1.40 1964–99: 2.12 1964–79: 0.65
1979–91: 4.30
1991–99: -0.84

1964–99: 1.58 1964–99: 2.35

a APC: An nual per cent change (APC) were de ter mined by Joinpoint anal y ses; APC were cal cu lated by age group us ing sin gle cal en dar
year, al though rates are pre sented by 5-year pe ri ods; pe ri ods for which Joinpoint in di cated that there was a sig nif i cant change in the
trend are shown.

TA BLE 3
Age-spe cific and to tal five-year prev a lence rates of breast can cer (/100,000 women) 

in Man i toba be tween 1960 and 1999 by five-year group

2-year 5-year total

Year

1965 1970 1975 1980 1985 1990 1995 1999

1600

1400

1200

1000

800

600

400

200

0

11
3 2

3
4

2
6

7

13
9

2
8

6
4

4
8

16
0

31
6

5
97

16
3

3
5

4
76

4

19
0

41
1

9
31

2
0

5
4

3
2

10
8

0

2
3

2
51

1
12

7
5

2
3

8
5

3
4

14
2

5

R
at

e 
(/

10
0

,0
0

0
 w

o
m

en
)

FIGURE 3
Two-year, 5-year and to tal prev a lence rates of breast can cer in 

Man i toba be tween 1965 and 1999 by year



Dis cus sion

The age-stan dard ized in ci dence rate of
breast can cer in creased by 0.99/100,000
women per year in Man i toba be tween 1960
and 1999, which rep re sents an over all rel a -
tive in crease of 58%. This ob ser va tion is
con sis tent with re sults re ported in other
west ern coun tries.2 In 1990, the Man i toba
in ci dence rate was one of the high est
(77/100,000 women, stan dard ized to the
World pop u la tion) among the coun tries as -
sessed by Parkin et al.3 Man i toba’s 1990 in ci -
dence rate (106/100,000 women,
stan dard ized to the Eu ro pean pop u la tion)
was com pa ra ble to Bel gium’s rate and
would have ranked the third high est among
15 Eu ro pean coun tries eval u ated by Black
et al.21 

Within the North Amer i can con text, the
1995–99 Man i toba in ci dence rate (114.3/
100,000, stan dard ized to the 2000 US pop u -
la tion) was lower than the rate re ported by
SEER for the same time pe riod (136.7/
100,000 women of all races).22 In the US, the
in ci dence rate lev eled off in 1987 for white
women and seems to be de creas ing in
women 75 years of age and older.23,24 A sim i -
lar trend may be hap pen ing since 1995 in
Man i toba for 70–79-year-old women, al -
though it is too soon to make a de ci sive con -
clu sion. With the ex cep tion of 1986,
Man i toba’s rates have been con sis tently
higher than the Ca na dian av er age since
1984.11 Man i toba had an av er age of five
more breast can cer cases per year (/100,000
women) than Can ada be tween 1984 and
2000. 

Over the 40 years of fol low-up, no sig nif i cant 
change was ob served in Man i toba’s mor tal -
ity rate. In other words, no in flec tion point
was found us ing Joinpoint. How ever, there
were dif fer ences by age with youn ger
women show ing a de crease in mor tal ity
while older women ex pe ri enced an in crease
in mor tal ity. Re ports of na tional trend data
in di cate that there has been a de crease in
mor tal ity since the late 1980s.10 Man i toba’s
mor tal ity rates have been com pa ra ble to the
Ca na dian av er age since at least 1984.11 Com -
pared to the rest of the world, Man i toba’s
1990 mor tal ity rate (23/100,000 women,
stan dard ized to the world pop u la tion) would 
have ranked 17th out of 63 coun tries eval u -
ated by Levi et al.25 When stan dard ized to
the Eu ro pean pop u la tion, the 1990 mor tal ity
rate (33/100,000 women) would have
ranked Man i toba fifth high est among the 15
Eu ro pean coun tries eval u ated by Black
et al.21 The 1995–99 breast can cer death rate
was 28.8/100,000 women (all races) in the

US,22 which is lower than the Man i toba
1995–99 death rate (32.3/100,000 women,
stan dard ized to the US 2000 pop u la tion). 

The 2-year, 5-year and to tal breast can cer
prev a lence rates have all shown in creases
since the 1960s. Peo ple who sur vive five years
or more are of ten con sid ered to be “cured”
and, as such, may be the prev a lence mea sure
of most in ter est.8 The 5-year breast can cer
prev a lence rate in creased by 2.3% per year in
Man i toba be tween 1964 and 1999. The in -
crease was mainly ap par ent in women 60
years of age and older. The ag ing pop u la tion,
the in crease in Man i toba res i dents, and the
lon ger sur vival of women di ag nosed with
breast can cer are the prin ci pal fac tors re spon -
si ble for this trend.26 In Man i toba, the pro por -
tion women 60 years of age and older
in creased from 12.4% of the fe male pop u la -
tion in 1960 to 19.4% in 1999. In the same
time pe riod, the num ber of women re sid ing in
the prov ince in creased from 417,500 to
577,669 in di vid u als. These changes, to gether
with an in creas ing in ci dence rate, had the ef -
fect of in creas ing num ber of in ci dent breast
can cer cases dur ing a time when the rel a tive
sur vival was also in creas ing and thus lead ing
to a marked in crease in prev a lence. In 1990,
Man i toba’s 5-year prev a lence rate
(438/100,000 women) was higher than the
average 5-year prev a lence rate re ported in the
world’s high-in come coun tries (392/100,000
women).8 How ever, when the com par i son
group is re stricted to Eu ro pean coun tries,
Man i toba’s 1990 5-year prev a lence rate is
com pa ra ble to these coun tries.9 Eu ro pean
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Pe riod

Age 1960–64 1965–69 1970–74 1975–79 1980–84 1985–89 1990–94 1995–99

30 0.4 0.4 0.4 0.5 0.4 0.4 0.4 0.5

40 1.1 1.2 1.3 1.3 1.3 1.2 1.3 1.4

50 1.5 1.6 1.8 1.8 2.0 1.9 2.3 2.5

60 1.6 1.9 2.2 2.3 2.5 2.7 3.1 3.2

70 1.9 2.2 2.1 2.3 2.7 3.3 3.6 3.4

TA BLE 4
Prob a bil ity (%) of Man i toba women with out breast can cer be ing di ag nosed with 

breast can cer for the first time in the next de cade by pe riod
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FIGURE 4
Cu mu la tive rel a tive sur vival of women di ag nosed with breast can cer in

Man i toba by pe riod of diagnosis



rates var ied be tween 275/100,000 women in
Greece to 543/ 100,000 women in Swe den.
The av er age was 411/100,000 women for the
Eu ro pean Un ion, slightly higher than the Mani 
gold10toba rate. 

Rel a tive sur vival from breast can cer in -
creased be tween 1960–64 and 1995–99. Two 
jumps are ap par ent, one be tween 1965–69
and 1975–79 and one be tween 1985–89 and
1990–94. These in creases may be due to
improvement in treat ment and di ag no sis
prac tices, but also, to some ex tent, to a
lead-time bias in tro duced by pop u la -
tion-based screen ing. The study by Welch et
al27 us ing data form the Na tional Can cer
Institute sup ports this phe nom e non. The
authors re ported that an im prove ment in
five-year sur vival over time bears lit tle re la -
tion ship to changes in can cer mor tal ity, but
ap pears to be re lated to ear lier de tec tion of
tu mours. How ever, it should be kept in mind 
that causes of death listed on death cer tif i -
cates are not al ways ac cu rate. The Man i toba
breast-screen ing pro gram was im ple mented
in 1995 and elec tive breast screen ing has
been avail able since the 1970s. The per cent -
age of Man i toba women 50 to 69 years old
hav ing a mammogram in creased from 43%
in 1990–94 to 68% in 1995–99 and thus,
some of the re cent in crease in rel a tive sur -
vival may be the re sult of changes in screen -
ing. Sim i lar trends in sur vival im prove ment
have been re ported in Eu rope,28 the United
States,29 and Asia.30 The five-year rel a tive
sur vival of women di ag nosed in Man i toba in 
1985–89 (77%) was com pa ra ble to ob ser va -
tions made in Eu rope, where the five-year
rel a tive sur vival ranged from 58%
(Slovakia) to 81% (Swe den) over the same
time frame.28 The five-year rel a tive sur vival
was 86.2% (all races) in the US in 1992–9822

and 83% in Can ada in 1992–94,31 which are
in agree ment with the Man i toba five-year
rel a tive sur vival (86.4%) for the 1995–99
time pe riod. 

The prob a bil ity of be ing di ag nosed with
breast can cer in the next de cade in creased
over the 40 years of fol low-up for women 50, 
60 and 70 years of age. The 1995–1999 prob -
a bil i ties re ported are con sis tent with con -
tem po ra ne ous ob ser va tions made by Mor ris
et al.32 in Cal i for nia and Health Can ada.10

Mor ris et al. re ported a risk of de vel op ing

breast can cers in the next 10 years of 3.4%
for women 60 years of age liv ing in Cal i for -
nia in 1993–97, while Health Can ada re -
ported a risk of 3.1% for women 60–69 years 
of age liv ing in Can ada in 2000. In the pres -
ent study, the risk of de vel op ing breast can -
cer in the next 10 years for a woman aged 60
years was 3.2% in 1995–99.

In sum mary, the in ci dence and five-year
prev a lence rates of breast can cer have sig nif -
i cantly in creased in Man i toba be tween 1960
and 1999. Over the 40-year pe riod the mor -
tal ity rate from breast can cer has been fairly
con stant, al though there are in di ca tions that
there has been a de crease since the late
1980s. The five-year cu mu la tive rel a tive sur -
vival has im proved sig nif i cantly over the
four de cades. These sta tis tics sug gest that
the bur den of can cer in Man i toba is high but
is in the range of ob ser va tions made in
Canada na tion ally and in other westernized
countries. 
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Smoker pref er ence for “elastic cigarettes*” in the
Ca na dian cig a rette mar ket

Michael O Chaiton, Neil E Collishaw, and Aaron J Callard

Ab stract

Elas tic cig a rettes are char ac ter ized by yields of con stit u ents that in crease pro por tion ally faster
than smoke vol ume as cig a rettes are smoked more in tensely. Elas tic ity may func tion to
over come phys i cal lim i ta tions in in creas ing puff vol ume dur ing nic o tine-seek ing be hav iour.
The pur pose of this study was to de ter mine if there are elas tic cig a rettes in the Ca na dian
cig a rette mar ket, and to de ter mine smoker pref er ence for elas tic cig a rettes. Elas tic ity was
cal cu lated for 115 brands in the Ca na dian fil tered cig a rette mar ket for puff vol umes of 44 and
56 ml. Puff vol umes, nic o tine and tar de liv er ies were ob tained from ear lier pub lished
doc u ments.1 Sales data were used as a proxy for smoker pref er ence. Or di nary least squares
re gres sion was used to de ter mine the as so ci a tion of sales and elas tic ity in the Ca na dian
cig a rette mar ket. The cig a rette brands ranged from a mean elas tic ity value of 1.21 to 0.67. Of
the 115 Ca na dian cig a rette brands tested, 23 brands had a mean elas tic ity value sig nif i cantly
over 1.00, mak ing them elas tic. Af ter ad just ing for brand, the av er age elas tic cig a rette sold an
av er age of 361 mil lion cig a rettes while an in elas tic cig a rette sold 89.5 mil lion cig a rettes
(p<0.0001). The dif fer ence in sales be tween elas tic and in elas tic cig a rettes was in de pend ent
of tar yield and fil ter type. Elas tic ity was not as so ci ated with tar yield    (p = 0.2734). There
are elas tic cig a rettes in the Ca na dian cig a rette mar ket and the re sults sug gest a pos si ble
smoker pref er ence for elas tic cig a rettes. Uti liz ing elas tic ity may be valu able in the
de vel op ment of fu ture harm re duc tion strat e gies.2

Key words: com pen sa tion; elas tic ity; nic o tine; to bacco

In tro duc tion

Elas tic cig a rettes are char ac ter ized by yields
of con stit u ents that in crease pro por tion ally
faster than smoke vol ume as cig a rettes are
smoked more in tensely. Elas tic ity de scribes
a non-lin ear re sponse-to-ef fort re la tion ship
be tween smoker ef fort, as mea sured by puff
vol ume, and cig a rette de liv ery, and was
explored as a method for smok ers to get
more nic o tine out of low de liv ery cig a rettes
by facilitating com pen sa tory smok ing.2,3,4

The con cept of elas tic ity can also be ap plied
to tar, to tal par tic u late mat ter, or tar/nic o tine 
ra tio.3,4 

Elas tic ity is achieved as a sum mary func tion
of a num ber of de sign fea tures in clud ing
ven ti la tion, pres sure drop, pack ing den sity,
chem is try of to bacco, phys i cal prop er ties of
to bacco, air per me abil ity of the cig a rette
papr, and the com po si tion of the cig a rette
pa per.3 The two most im por tant are per cent
ven ti la tion and rod po ros ity. These de sign
fea tures can be ad justed by man u fac tur ers to 
ob tain dif fer ent smok ing prop er ties, in clud -
ing the prop erty of elas tic ity. 

Brit ish Amer i can To bacco (BAT) sci en tists
found that smok ers had re ceived a fairly con -
stant amount of nic o tine ir re spec tive of the
In ter na tional Or ga ni za tion of Stan dard iza tion 
(ISO) rat ing of nic o tine de liv ery, ei ther

com pen sat ing down with higher nic o tine
cigarettes or com pen sat ing up when the level
was low.5 They con cluded that nic o tine was
both the sig nal (as the sen sa tion of im pact)
and the driv ing force for the com pen sat ing
be hav iour, not ing meth ods of com pen sa tion
such as cov er ing the ven ti la tion holes of the
cig a rette in light and mild cig a rettes.2 

Stud ies of hu man smok ing be hav iour found
that smok ers were lim ited in their abil ity to
com pen sate by the amount of ef fort that was 
needed to draw on the cig a rette.6,7,8  Elas tic
cig a rettes were pro posed within the to bacco
in dus try as a way of re duc ing the “re ward
for ef fort” re la tion ship.3 A small in crease in
puff vol ume could bring a pro por tion ately
larger re ward of nic o tine, pro duc ing a more
sat is fy ing cig a rette. Elas tic cig a rettes may
make it eas ier for smok ers to con trol the
dose of nic o tine, ei ther in creas ing or de -
creas ing the de sired dose. 

Gray and Kozlowski sug gest that cig a rettes
were pro duced to be more elas tic as tar and
nic o tine lev els were re duced.2 They sug gest
that the elas tic cig a rette fa cil i tated nic o tine
com pen sa tion, was eas ier to learn to smoke,
and was po ten tially more ad dict ing than
non-elas tic cig a rettes.2,8 Elas tic cig a rette are,
con ceiv ably, a more po tent nic o tine de liv ery
de vice than un-elas tic cig a rettes. How ever,
the ef fects of elas tic cig a rette have not been
well ex am ined out side of the to bacco
in dus try. 

The pur pose of this study is to as sess the
elas tic ity of cig a rettes in the Ca na dian
market and the as so ci a tion of elas tic ity and
sales in Can ada. It would be ex pected that,
in gen eral, cig a rette brands would be in elas -
tic, as to bacco in dus try stud ies have found
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that the rel a tive yield of nic o tine is un- af -
fected by changes in puff vol ume.9 On the
other hand, if elas tic cig a rettes were better
nic o tine de liv ery de vices, then sales of elas -
tic cig a rettes should be higher than those of
in elas tic cig a rettes, re flect ing a pref er ence
for a more ad just able nic o tine sys tem.

Method

Elas tic ity for mula

The Brown and Wil liam son for mula for
“nor mal ized elas tic ity” is used for com par i -
son be tween brands of dif fer ing de liv er ies.4

The for mula first de fines a hy po thet i cal cig a -
rette that has a lin ear, or “rigid,” re sponse to
in creas ing puff vol ume. The pre dicted lin ear
re la tion ship be tween puff vol ume and per-
puff de liv ery can be imag ined as a re gres sion 
line that passes through the or i gin. Elas tic ity
is a nu mer i cal ex pres sion of the re la tion ship
be tween ob served and pre dicted de liv ery in
re sponse to an in crease in puff vol ume. To
de ter mine elas tic ity, the ob served de liv ery
per puff over a cer tain re al is tic range, such as 
44 ml to 56 ml, is di vided by the pre dicted
de liv ery per puff (D2/P2 in the for mula
below). The pre dicted de liv ery per puff is
based on the as sump tion that de liv ery per
puff var ies in lin ear fash ion with puff
vol ume.

The for mula for elas tic ity, as de scribed by
Gonterman4 can be sum ma rized as fol lows:

Elas tic ity = [(D2//P2 /)/(D1/P1)] / (V2/V1)

Where: 

• V1 = puff vol ume 1 (the cal i brat ing
puff vol ume, e.g., 44 ml)

• V2 = puff vol ume 2 (the ex per i men tal
puff vol ume, e.g., 56 ml)

• D1 = de liv ery per cig a rette in mg at
puff vol ume 1

• D2 = de liv ery per cig a rette in mg at
puff vol ume 2

• P1 = num ber of puffs per cig a rette at
puff vol ume 1 

• P2 = num ber of puffs per cig a rette at
puff vol ume 2

An elas tic cig a rette will de liver pro por tion -
ately more nic o tine than would be ex pected
for a given in crease in puff vol ume. In
numerical terms, a num ber above 1.00 in di -
cates that the in crease of nic o tine (or other
chem i cal of in ter est) is pro por tion ally
greater than the change in the puff vol ume,
or “elas tic”.10  More crudely stated, an elas tic 
cig a rette will de liver “more bang for your
suck.”

Elas tic ity cal cu la tion

Puff vol umes, puff num ber, and nic o tine de -
liv er ies for 115 brands man u fac tured by Im -
pe rial To bacco Can ada (ITL), Rothmans,
Benson & Hedges (RBH) and JTI Mac don ald
(JTI) were ob tained from the 1996 re port
“De ter mi na tion of Cig a rette Yields un der Re -
al is tic Con di tions” by WS Rickert of Labstat
Inc.1 The 1996 re port was ini tially per formed 
for Health Can ada to de ter mine re al is tic
smok ing de liv er ies. Puff vol umes of 44 ml
(V1) and 56 ml (V2) were cho sen in con junc -
tion with the Labstat re port and to bacco
com pany doc u ments as be ing re al is tic lev els
of nor mal and in tense smok ing.1,4,6 Other
than puff vol ume, all other vari ables were
held con stant (2 sec onds puff du ra tion, 26
sec onds puff in ter val, un ob structed ven ti la -
tion). The Labstat re port de scribed the mean
value and the stan dard de vi a tion of 10

re peated mea sures for nic o tine and puff
num ber for each brand tested. The Brown
and Williamson nor mal ized elas tic ity for -
mula was then used to cal cu late elas tic ity. 

A Monte Carlo sim u la tion was used to de ter -
mine the con fi dence in ter vals for elas tic ity.3

Val ues for the pa ram e ters of nic o tine and
puff num ber for each brand were ran domly
drawn from their re spec tive prob a bil ity dis -
tri bu tions and the elas tic ity was cal cu lated.
This cal cu la tion was re peated 10,000 times.
The 2.5th and 97.5th per cen tiles were taken
from the dis tri bu tion of the rep e ti tions of cal -
cu la tions of the elas tic ity to rep re sent the
end points of a 95% con fi dence in ter val. 

A num ber of as sump tions were made for
this ap proach. First, the mean dis tri bu tion of 
the nic o tine yield and puff num ber data in
the Labstat re port were both as sumed to be
ap prox i mately nor mal in or der to draw from
a nor mal prob a bil ity func tion. Re peated
mea sure ment of the yield and puff num ber
should form a nor mal curve around the true
value and so this dis tri bu tion was used.
Second, the vari a tion in puff vol ume lev els
in the Labstat re port was as sumed to be
insignificant. Be cause no stan dard de vi a tion
was given for this value, it had to be
assumed that puff vol ume was a con stant
and, if any vari a tion in vol ume did oc cur, it
would be too small to be of con se quence.
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FIGURE 1
His to gram of elas tic ity val ues of Ca na dian cig a rettes in 1996.

Elas tic ity cal cu lated from Rickert, 1996



Third, the re ported stan dard de vi a tion of the
nic o tine yield and puff num ber was as sumed 
to be not sig nif i cantly dif fer ent from the true
de vi a tion, and so the re ported stan dard de vi -
a tion was used in the Monte Carlo
sim u la tion.

As the elas tic ity value it self is not as im por -
tant as de ter min ing whether elas tic ity was
sig nif i cantly above 1.00 (elas tic) or sig nif i -
cantly be low 1.00 (in elas tic), the z-test was
used to de ter mine whether the value of elas -
tic ity was sig nif i cantly dif fer ent from 1.00 at
an al pha=0.05 level. Cig a rette brands were
clas si fied as ei ther not sig nif i cantly dif fer ent
than 1.00 (lin ear), sig nif i cantly greater than
1.00 (elas tic) or sig nif i cantly less than 1.00
(in elas tic). All sub se quent uses of elas tic ity
re fer to the cat e go rized vari able. 

As so ci a tion with sales

Or di nary least squares (OLS) re gres sion was
used to de ter mine the as so ci a tion of sales
and elas tic ity in the Ca na dian cig a rette
market. Two mod els were cre ated. The first
con trolled for dif fer ences in man u fac turer
and dif fer ences in tar yield and the sec ond
ex am ined the ef fects of brand. Sales data
was taken from the re port of Ca na dian
tobacco man u fac tur ers of 1996 sales data to
Health Can ada.11 The stan dard yield of tar
was as de ter mined by meth ods de scribed by
the ISO, in cluded in Rickert (1996).1 The log -
a rithm of sales was used in the re gres sion to
nor mal ize the dis tri bu tion of sales. 

To con trol for brand, a pro cess of match ing
was used. Many cig a rette brands come in
sets, dif fer ing only in the type of fil ters used.
It was as sumed that iden ti cal brands would

have sim i lar prop er ties re lated to brand ing,
ad ver tis ing, dis tri bu tion, and tar and nic o -
tine yield. For in stance, “Play ers Ex tra Light” 
King Size and “Play ers Ex tra Light” Reg u lar
were matched and coded as be ing the same
brand. Cig a rette brands that did not have a
pair were ex cluded, leav ing 72 types of cig a -
rettes (36 pairs) for the anal y sis.  The as so ci -
a tion of elas tic ity and fil ter type was tested
us ing the chi-square test to en sure the in de -
pend ence as sumed in the model. 

As so ci a tion with tar yield

OLS re gres sion was used to de ter mine the
as so ci a tion of tar yield and elas tic ity. The
stan dard yield of tar was as de ter mined by

meth ods de scribed by the ISO in cluded in
Rickert (1996).1  

Re sults

The cig a rette brands ranged from a mean
elas tic ity value of 1.26 to 0.70 (Fig ure 1)
with a me dian value of 0.84. Of the 115
Canadian cig a rette brands tested, 23 brands
(20%) had a mean elas tic ity value sig nif i -
cantly over 1.00, mak ing them elas tic.
Eighty-three brands were in elas tic (72%)
and there were 9 brands (8%) with a lin ear
in crease of nic o tine pro por tional to the puff
vol ume. How ever, in elas tic cig a rettes
accounted for only 25% (11.6 bil lion cig a -
rettes) of all cig a rettes sold in the sam ple
com pared to 15% (7.0 bil lion cig a rettes) for
lin ear de liv ery cig a rettes and 60% (27.7 bil -
lion cig a rettes) for elas tic cig a rettes. Elas tic
cig a rettes had mar gin ally higher av er age tar
and nic o tine val ues, and much higher av er -
age sales per brand than in elas tic cig a rette
brands (Ta ble 1). Sales per brand are fairly
con stant un til the elas tic ity ap proaches 1.00
(Fig ure 2). While Ja pan To bacco In ter na -
tional and Rothmans Benson and Hedges
had elas tic brands (4/25, 6/50), most elas tic
cig a rettes were pro duced by Im pe rial
Tobacco Lim ited (13/40), ac count ing for
57% of all elas tic cig a rettes (chi-square 5.83, 
p value =0.014). 
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Elas tic ity N

ISO Nic o tine
Mean (95% 
Con fi dence 

in ter val)

ISO Tar 
Mean (95% 
Con fi dence 

In ter val)

Sales (mil lions of cig a rettes sold)

Mean (95% 
Con fi dence

In ter val)
Me dian

sales

In elas tic 83 1.0 (0.9,1.0) 10.3 (9.3,11.2)  140.4 (100.4,180.4)  95.1 

Lin ear 9 0.9 (0.5,1.3) 9.4 (4.9,13.9)  772.7 (161.6,1383.7) 290.7 

Elas tic 23 1.1 (1.0,1.2) 11.7 (10.5,12.9) 1202.4 (590.9,1813.8) 719.3 

Note: Elas tic ity cal cu lated from Rickert, 1996. Tar and nic o tine data from Rickert, 1996. Sales data from
Health Can ada.11 In elas tic (less than 1.00 elas tic ity); Lin ear (not sig nif i cantly dif fer ent than 1.00
elas tic ity); Elas tic (greater than 1.00 elas tic ity.

TABLE 1
Av er age ISO nic o tine, tar val ues and sales of elas tic, in elas tic, and lin ear

re sponse cig a rettes in the  Canadian cig a rette mar ket, 1996
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FIGURE 2
Me dian sales by elas tic ity group in the Ca na dian cig a rette mar ket, 1996. 

Sales data via Health Can ada.11 Elas tic ity cal cu lated from Rickert, 1996



Af ter con trol ling for man u fac turer and tar
yield, elas tic ity was sig nif i cantly as so ci ated
with cig a rette sales (F value 31.18; p value
<.001). Hold ing man u fac turer and tar yield
con stant, the dif fer ence be tween in elas tic
and elas tic cig a rettes was as so ci ated with a
seven-fold in crease in cig a rette sales (Ta ble
2). There were sig nif i cant dif fer ences in sales 
be tween cig a rettes with a lin ear re sponse
and in elas tic cig a rettes (t value=-4.43;
p<0.001) and be tween elas tic and in elas tic
cig a rettes (t value =-6.93; p<0.001);
however, there was no sig nif i cant dif fer ence
be tween lin ear and elas tic cig a rettes
(t value=-0.33; p=0.74). 

Con trol ling for brand, the re la tion ship
between elas tic ity and sales was still strong
(F value=8.47; p value=<0.001). Elas tic
cig a rettes were as so ci ated with a four-fold
increase in sales com pared to in elas tic cig a -
rettes of the same brand (Ta ble 2). Fil ter type 
was not as so ci ated with elas tic ity (chi-
square test =0.99; p value=0.91) or sales
(F value=0.12; p value=0.88). 

There was no over all sig nif i cant as so ci a tion
be tween elas tic ity and ISO tar value
(F value= 1.31, p value = 0.2734). Elas tic
cig a rettes were dis trib uted in all lev els of tar
yield and were not par tic u larly as so ci ated
with lower tar yield. In fact, there were few
“low tar”cig a rettes (ISO tar val ues ≤ 8)
among elas tic cig a rettes brands com pared to
the rel a tive pro por tion among in elas tic or
lin ear re sponse cig a rette brands (Fig ure 3). 

Dis cus sion

There were elas tic cig a rettes in the Ca na dian 
cig a rette mar ket. It was not sur pris ing that

the mar ket would in clude some brands that
were elas tic as there were a range of cig a rette 
brands with a va ri ety of cig a rette de sign and
man u fac tur ing tech niques avail able on the
mar ket; nev er the less, a ma jor ity, 72%, of
cig a rette brands on the Ca na dian cig a rette
mar ket were in elas tic. How ever, elas tic cig a -
rette brands ac counted for 60% of cig a rettes
sold, re flect ing greater sales of elas tic brands
com pared to in elas tic brands. Af ter con trol -
ling for the va ri ety of ef fects as so ci ated with
brand, the as so ci a tion be tween sales and
elas tic ity con tin ued to be strong. 

It would be ex pected that any smoker pref er -
ence for elas tic cig a rettes would be man i -
fested par tic u larly in lower tar de liv ery

cig a rettes where the ac cess to ex tra nic o tine
would be de sired by many smok ers.3 How -
ever, there was no as so ci a tion be tween ISO
tar yields and elas tic ity. Elas tic cig a rette
brands were found in the full range of ISO
de liv ery lev els from full fla vour to light and
mild. In higher de liv ery brands, elas tic cig a -
rettes may al low the smoker to sub con -
sciously ad just their nic o tine in take to al low
for more ac cu rate ti tra tion of nic o tine, ei ther
up or down, to the level that they are seek -
ing. One ex pla na tion is that it is more im por -
tant for the cig a rette to be flex i ble in de liv ery
than to de liver a larger amount of nic o tine.
Elas tic ity may al low a vary ing nic o tine
requirement to be more eas ily and less con -
sciously self-reg u lated. BAT sci en tists, at one 
time, con tem plated a vari able de liv ery cig a -
rette that “ad justs to vary ing need (sat is fac -
tion) of the con sumer dur ing the course of a
day” and which would have op er ated by
changes in puff vol ume.12 

The uni for mity in price, to bacco type and
fla vour ings in the Ca na dian to bacco mar ket
may al low for de sign dif fer ences in cig a rettes 
to be re flected in sales that may be harder to
dem on strate in other mar kets.13 The re sults
of this study are sim i lar to a Philip Mor ris
study, which found that a re gres sion model
in clud ing ad ver tis ing, extractable nic o tine,
and other cig a rette de sign fea tures statisti-
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Elas tic ity
Con trol ling for Man u fac turer

and ISO tar yield Con trol ling for brand

In elas tic 69.2 (53.2, 90.0)    89.5 (69.8, 114.7)  

Lin ear 432.0 (196.9, 947.9) 340.0 (170.6, 677.8)

Elas tic 503.6 (304.4, 833.2)
(n=115)     

360.7 (228.2, 570.2)
(n=72)      

Note: Elas tic ity cal cu lated from Rickert, 1996. Sales data from Health Can ada.11 In elas tic (less than 1.00
elas tic ity); Lin ear (not sig nif i cantly dif fer ent than 1.00 elas tic ity); Elas tic (greater than 1.00 elas tic ity.

TABLE 2
Sales of elas tic, in elas tic and lin ear re sponse cig a rettes ad justed for the ef fect of

man u fac turer and ISO tar yield or brand in the Ca na dian cig a rette mar ket,
1996. Ad justed least square mean sales (mil lions of cig a rettes) 
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cally ex plained over 95% of the vari abil ity in 
mar ket share be tween brands.14,15 The cig a -
rette de sign fea tures in the study, in clud ing
extractable nic o tine, were de scribed as
balancing the smoke prop er ties in Amer i can- 
style blended cig a rettes pro duced with
Turkish, Ori en tal, and Bur ley to bacco. It is
con ceiv able that elas tic ity might per form an
equiv a lent role to extractable nic o tine in
Canadian-style Vir ginia to bacco cig a rettes or 
al ter na tively, elas tic ity may act as a proxy
for extractable nic o tine con tent. 

This study is lim ited by hav ing only two puff 
vol umes. A larger range or a dif fer ent set of
puff vol umes may pro vide a dif fer ent in ter -
pre ta tion for both the over all elas tic ity of the
cig a rette and any re ac tion of the smoker.
Elas tic ity val ues may also have changed
since the data was col lected, as well as sales
fig ures, and are un likely to re flect the cur rent 
cig a rette brands. A lon gi tu di nal study of the
re la tion ship of sales and elas tic ity would be
pref er a ble. Fur ther re search is needed to
clar ify the role of elas tic ity in smoker pref er -
ence in the Ca na dian cig a rette mar ket. To do 
this, more de tailed in for ma tion on cig a rette
de sign is needed; spe cif i cally, the vari ables
of per cent ven ti la tion and rod po ros ity,
which are the two main fac tors in elas tic ity,
are needed for pub lic ex am i na tion. While
this study has pointed to a clear re la tion ship
be tween elas tic ity and cig a rette sales, it is
based on a sin gle cross-sec tional mea sure -
ment. From cur rent data it is not pos si ble to
determine neither the causality of the
relationship nor the direction of causation.

If prop erly stud ied and un der stood, elas tic ity 
could be uti lized for ef fec tive reg u la tion of
cig a rette de sign that would limit the abil ity
of smok ers to ti trate nic o tine. In con ceiv able
harm re duc tion strat e gies, pre vent ing elas tic
cig a rettes could al low for reg u la tion for true
low nic o tine yield cig a rettes or for cig a rettes
that would be less able to main tain ad dic -
tions. It may be pos si ble to reg u late cig a rette
de sign cig a rettes that are less toxic or less ap -
peal ing to the user. Ban ning ven ti la tion of
cig a rettes might be an op tion to con sider in
this re gard as a step in re duc ing the elas tic ity 
of cig a rettes and pro vid ing a more ac cu rate
base line of cig a rette de liv er ies.2,8 

On the other hand, it is also con ceiv able that, 
in fact, there is a pub lic health ben e fit to
elas tic cig a rettes by fa cil i tat ing nic o tine
dosing, while min i miz ing toxin de liv ery.
How ever, since elas tic ity re quires an
increase in puff vol ume, re duc ing toxin
delivery would be more sen si bly achieved
by hav ing a cig a rette that could de liver nic o -
tine at low puff vol umes, with out need to
increase vol ume and con se quently in crease
de liv ery of other con stit u ents. A fur ther pos -
si bil ity is that smok ers of elas tic cig a rettes
may re quire fewer cig a rettes per day than
smok ers of in elas tic cig a rettes; how ever, the
sales dif fer ence be tween in elas tic and elas tic
cig a rette sug gest that this may not be true on 
a pop u la tion ba sis. More de tailed re search is
needed to un der stand the in flu ence of elas -
tic ity on the life his tory of the cig a rette smok -
ing to de ter mine if as so ci a tion between sales 
and elasticity is due to differences in uptake,
use, cessation, or another factor.

Con clu sion

There are elas tic cig a rettes in the Ca na dian
cig a rette mar ket and these cig a rettes en joy a
prom i nent sales ad van tage. Un der stand ing
the rea sons be hind this ad van tage is im por -
tant to fu ture at tempts at reg u lat ing cig a rette
de sign. Elas tic ity may al low con sum ers to
more eas ily ad just their smok ing be hav iour
to seek additional nicotine. 

Ac knowl edge ments

Fund ing gen er ously pro vided by Ca na dian
To bacco Con trol Re search Ini tia tive. 
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Trends in mor tal ity from di a be tes mellitus in Can ada,
1986–2000

Jinfu Hu, Glenn Rob bins, Anne-Marie Ugnat, and Chris Waters

Ab stract

The pur pose of this study was to ex am ine trends in di a be tes mellitus (DM) mor tal ity rates in
Can ada, in clud ing anal y sis at the pro vin cial level, dur ing the pe riod 1986–2000. The study
pop u la tion in cluded Ca na di ans aged 35 and over. Age-stan dard ized mor tal ity rates (ASMRs)
were com puted. Lin ear re gres sion was used to cal cu late the av er age an nual per cent age
change (AAPC) by age, sex and prov ince. The re sults showed a sub stan tial in crease in DM
mor tal ity rates among those aged 35 and over, par tic u larly for men; the AAPC in di cated an
in crease of 2.4% for men and 0.7% for women. When the mor tal ity rates were plot ted for
three time pe ri ods, the rates in creased with each suc ces sive age group and pe riod for both
sexes. Mor tal ity from DM in creased sig nif i cantly in both sexes in Can ada be tween 1986 and
2000, par tic u larly in men

Key Words: Can ada, di a be tes mellitus, mor tal ity 

In tro duc tion

Di a be tes mellitus (DM) is a grow ing health
prob lem in Can ada. Ac cord ing to data from
the Na tional Pop u la tion Health Sur vey, the
2-year in ci dence rate be tween 1994/95 and
1996/97 was 4.0 cases per 1,000 per son-
years at risk, but it rose to 6.7 cases be tween
1998/99 and 2000/01.1 In 1998, di a be tes
was the sixth and sev enth lead ing cause of
death for Ca na dian males and fe males,
respectively.2 The es ti mated to tal cost of
both di ag nosed and undiagnosed di a be tes in 
Can ada in 1998 was ap prox i mately $5
billion.3  Di a be tes con trib utes sig nif i cantly to 
mor tal ity and re duced life ex pec tancy in
elderly sub jects.4 It is es ti mated that 300 mil -
lion peo ple world wide will have de vel oped
di a be tes by the year 2050.5

In this ar ti cle we up date the pre vi ous pub li -
ca tions on di a be tes mor tal ity in Can ada,6,7

and ex am ine trends in mor tal ity rates trends
of MD among men and women aged 35 and
over in Can ada from 1986 to 2000, in clud ing
anal y sis at the pro vin cial level.

Meth ods

Sta tis tics Can ada pro vided data on DM mor -
tal ity (ICD–9 code 2508) for 1986 to1999 and
ICD–10 code E10-E149 for the year 2000),
from an nual Ca na dian mor tal ity files ob-
tained from death cer tif i cates. The mor tal ity
data used was based on only the “un der ly ing
cause of death”.10 The data con tained in for -
ma tion on age, sex, and prov ince. Pop u la tion
counts were ob tained from the Ca na dian
Cen sus.11 We cal cu lated age-stan dard ized
mor tal ity rates us ing the 1991 Ca na dian pop -
u la tion as the stan dard.

The study pop u la tion in cluded Ca na di ans
aged 35 and over. We com puted age-
standardized mor tal ity rates at two lev els of
geo graphic ag gre ga tion: Can ada; prov inces
(New found land, Prince Ed ward Is land,
Nova Sco tia, New Bruns wick, Que bec, On -
tario, Man i toba, Sas katch e wan, Al berta,
Brit ish Co lum bia) and ter ri to ries (Yu kon
Ter ri tory, North west Ter ri to ries in clud ing
Nunavut). We con trasted 5–year age-
standardized mor tal ity rates cal cu lated over

a 5–year pe riod by sex for the pe ri ods
1986–1990, 1991–1995 and 1996–2000.

We used lin ear re gres sion to cal cu late av er -
age an nual per cent age change (AAPC) at the 
na tional and pro vin cial/ter ri to rial lev els.
The AAPC val ues from lin ear re gres sion
were de ter mined by fit ting a model that
assumed a con stant rate of change in the
age-stan dard ized mor tal ity rates (ASMRs),
that is, a lin ear model ap plied to the ASMRs
af ter log a rith mic trans for ma tion. Ninety-five 
per cent con fi dence in ter vals (CIs) for
age-stan dard ized mor tal ity rates were cal cu -
lated by prov ince only. We in ves ti gated
trends by 10–year age groups (35–44, 45–54, 
55–64, 65–74, 75–84, 85+), and for the
sum mary group ing (35+). All sta tis ti cal
anal y ses were per formed us ing SAS soft -
ware.12

Re sults

Ca na dian mor tal ity rates from DM in creased
from 1986 to 2000 among men and women
aged 35 and over (Fig ure 1). The ASMRs in -
creased grad u ally, but ir reg u larly, from
36.13 per 100,000 in 1986 to 48.39 per
100,000 in 2000 among men, and from 29.67 
per 100,000 to 33.28 per 100, 000 among
women.

For the en tire pe riod of 1986–2000, the over -
all ASMRs from DM aged 35 and over in Can -
ada were 41.17 per 100,000 among men and
30.30 per 100,000 among women (Ta ble 1).
The high est pro vin cial rates dur ing this pe -
riod oc curred in New found land in both sexes
(54.72 per 100,000 in men and 53.41 per
100,000 in women). The av er age an nual per -
cent age change (AAPC) in di cated a sig nif i -
cant in crease of 2.4% for men and 0.7% for
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women in Can ada be tween 1986 and 2000;
on av er age, the sig nif i cant in creases in rates
were greater than 3.0% per year among men
in New found land, New Bruns wick, On tario,
Man i toba and Sas katch e wan, and were
greater than 2.0% per year among women in
On tario and Man i toba. We ob served a sig nif i -
cant pro vin cial de cline in DM mor tal ity rates
only among women in Que bec. 

We plot ted the DM mor tal ity rates by
10–year age group for three 5–year pe ri ods
within the com plete study pe riod (Fig ure 2).
For both sexes, the rates in creased with each 
suc ces sive age group. Mor tal ity from DM in -
creased sharply for the 75 and over age
groups; the high est rates were ob served
among those aged 85 or over. The rates also
in creased with each con sec u tive time
period. For each age group, the high est
ASMRs oc curred in the most re cent time pe -
riod (1996–2000) in both sexes. 

Ta ble 2 pres ents the ASMRs and AAPC by
sex and age for the en tire study pe riod
(1986–2000). The ASMRs of DM in creased
with each age group in both sexes; the

high est rates ap peared among those aged 85
or older: 366.98 per 100,000 for men and
317.39 per 100,000 for women. The AAPC
showed a sig nif i cant in crease of 2.0% or
more for men aged 55 and over, and of 1.2% 
and 1.8% for women aged 55–64 and 85 or
over, re spec tively. 

Dis cus sion

Our re sults show that mor tal ity rates from
DM in Can ada have grad u ally in creased for
those over age 35 in both sexes be tween
1986 and 2000. On av er age, the an nual in -
crease was 2.4% for men and 0.7% for
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Province/Terrirory

Men Women

Mor tal ity rate
per 100,000

95% con fi dence 
in ter val AAPC 

Mor tal ity rate
per 100,000

95% con fi dence
 in ter val AAPC

New found land 54.72 (51.08–58.62) 3.30** 53.41 (50.31–56.70) 1.13   

Prince Ed ward Is land 31.15 (26.43–36.73) 4.53   23.01 (19.61–27.01) -4.56   

Nova Sco tia 37.30 (35.16–39.57) 0.77   28.92 (27.35–30.58) -0.32   

New Bruns wick 44.73 (42.09–47.55) 4.18** 38.57 (36.50–40.75) 1.04   

Que bec 45.70 (44.74–46.67) 0.49   33.75 (33.10–34.41) -1.31**

On tario 44.58 (43.84–45.33) 3.57** 31.50 (30.99–32.02) 2.17**

Man i toba 39.70 (37.75–41.75) 3.04** 29.63 (28.18–31.14) 3.75**

Sas katch e wan 35.86 (34.01–37.81) 4.28** 25.98 (24.60–27.45) 1.70*  

Al berta 31.08 (29.75–32.46) 2.41** 23.13 (22.16–24.15) 0.07   

Brit ish Co lum bia 31.63 (30.63–32.67) 2.48** 22.43 (21.71–23.18) 0.20   

Yu kon Ter ri tory 26.87 (14.71–49.10) -1.62   33.76 (19.35–58.90) 4.55   

North west Ter ri to ries 9.44 (4.28–20.84) -4.31   16.90 (8.98–31.80) 5.05   

Can ada 41.17 (40.73–41.61) 2.44** 30.30 (29.99–30.61) 0.71* 

* Sig nif i cant at p = 0.05

** Sig nif i cant at p = 0.01

TABLE 1
Av er age an nual per cent age change (AAPC) in age-stan dard ized  mor tal ity rates of DM by sex and prov ince,

ages 35 and over, Can ada, 1986–2000
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Age-stan dard ized mor tal ity rates (per 100,000) of DM by sex, aged 35 and over,
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women. Rates in creased sig nif i cantly among 
men aged 55 and over and among women
aged 55–64 and 85 or over. 

In Mis souri, the rate of re ported di a be tes-
related deaths rose by about 3% per year
from 1989 to 1994.13 An in creased trend in
di a be tes mor tal ity was also seen in South
Carolina.14 The di a be tes mor tal ity rate for
the United States was 13.3 per 100,000 pop u -
la tion15 in 1995 and 25.4 per 100,000 pop u la -
tion in 2002.16 Our find ings of in creased DM
mor tal ity rates are also con sis tent with those 
of a pre vi ous Ca na dian study.6,7

In creased DM mor tal ity may be due to the
in creased in ci dence and prev a lence of DM,
which is oc cur ring at an alarm ing rate in
both de vel oped and de vel op ing coun tries.17

In the United States, the prev a lence of di ag -
nosed di a be tes in creased to 4.8% in 200
from 2.9% in 1990.18 The rap idly grow ing
prev a lence of di a be tes in Asia her alds a large 
in crease in the in ci dence of di a be tes-re lated
deaths in the com ing de cades.19 The pop u la -
tion in ci dence and prev a lence of di a be tes
have also in creased in Can ada.1 The age-
adjusted prev a lence of di a be tes rose by 49%
be tween 1986 and 1991 in adults aged 25 or
over in Man i toba20 and in creased from 4.7%
in 1995 to 6.2% in 1999 in adults aged 20
and over in On tario.21 In ad di tion, a large
pro por tion of the pop u la tion has un de tected
di a be tes.22,23 For these rea sons, the re ported
prev a lence of di a be tes is likely a low
es ti mate. 

The in crease in the prev a lence of DM might
have dif fer ent ex pla na tions. The prev a lence
of DM has in creased over time while its in ci -
dence re mains rel a tively sta ble in On tario and 
Man i toba,20,21 which might be ex plained by
the fact that peo ple are liv ing lon ger af ter
diagnosis with DM.21 We note that the prev a -
lence of MD for all pop u la tions in the US was
3.3% in 1996 and 4.1% in 1997.18 The new

Amer i can Di a be tes As so ci a tion Di ag nos tic
Cri te ria,24 first used in clin i cal prac tice in
1997, may have re sulted in the de tec tion of a
greater pro por tion of peo ple with un der-
diagnosed di a be tes. An in creased prev a lence
of over weight peo ple and obe sity may play
an im por tant role in the de vel op ment of DM.

Obe sity is known to be a strong risk fac tor for
type 2 di a be tes. A strong re la tion ship
between obe sity and the de vel op ment of DM
has been found in both sexes.25–27 Most
patients with early-on set type 2 di a be tes in
Mex ico are obese or over weight.28 At pres ent, 
the prev a lence of over weight peo ple and
obesity is in creas ing world wide,29 pos si bly
resulting in in creased DM in ci dence and mor -
tal ity. For Ca na dian adults aged 20 to 69, the
prev a lence of over weight peo ple and obe sity
grad u ally in creased from 47.0% in 1970–
1972, to 55.6% in 1978–1979, to 58.1% in
1986–1992 (sim i lar trends were in all age
groups) among men. The prev a lence of over -
weight peo ple and obe sity was 33.9%, 42.3% 
and 40.6% among women over the same
time pe riod.30 The prev a lence of over weight
peo ple and obe sity is grow ing at a faster rate
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Men Women

Age groups
Mor tal ity rate
per 100,000

AAPC Mor tal ity rate
per 100,000

AAPC

35–44 2.56 1.51   1.32 1.56  

45–54 7.88 1.24   4.26 -0.73  

55–64 26.52 2.74** 17.00 1.21* 

65–74 76.58 2.90** 52.42 0.58  

75–84 187.82 2.00** 145.39 0.06   

85+ 366.98 2.85** 317.39 1.84**

35+ 41.17 2.44** 30.30 0.71* 

* Sig nif i cant at p = 0.05

** Sig nif i cant at p = 0.01

TABLE 2
Av er age an nual per cent age change (AAPC) in age-stan dard ized

mor tal ity rates of DM by sex and age, Can ada, 1986–2000  
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among men than among women, which may
re sult in rap idly ris ing mor tal ity rates of DM
in men, but not in women. It is pos si ble that
obe sity height ens the risk of over all mor tal ity
and cir cu la tory dis ease mor tal ity, and even
more sub stan tially in creases the risk of di a be -
tes mor tal ity.31

Our re sults re veal dif fer ences in the ASMRs
of DM by geo graphic re gion (i.e., prov ince/
ter ri tory and county), sex and age. These dif -
fer ences may be as so ci ated with en vi ron -
men tal risk fac tors and socio-eco nomic
sta tus. Sex-re lated dis sim i lar i ties in risk
factors were ob served in the Finnmark
Study32 and in Uganda.27 The MONICA
Augsburg study also found sex-re lated dif fer -
ences that seem to be a fac tor in dis ease
development.33 High rates of DM prev a lence
are strongly cor re lated with in di ca tors of low 
socio-eco nomic sta tus, poor en vi ron men tal
qual ity and life style.34,35 In an other Finn ish
study, a clear socio-eco nomic gra di ent in
mor tal ity emerged in ev ery age group of
people with di a be tes.36

Many stud ies re port ex cess mor tal ity re lated
to DM. Mor tal ity among in di vid u als with
type 2 di a be tes has been 1.4 to 3.7 times
higher than the rate among peo ple with out
di a be tes,37 in par tic u lar in deaths from cir cu -
la tory disease.38–41 Pa tients with DM have an 
in creased atherogenic car dio vas cu lar risk
profile,42 which might ex plain the sharp
increase in DM mor tal ity rates at ages 75 or
over that we found among both sexes in our
study.

Type 2 di a be tes is one of the life style-re lated
dis eases. Dur ing a 16–year fol low-up a study 
in the US, re search ers found that the
majority of cases of type 2 di a be tes could
have been pre vented by the adop tion of a
health ier life style.26 Smok ing ces sa tion is of
ut most im por tance in fa cil i tat ing glycemic
con trol and lim it ing the de vel op ment of di a -
betic com pli ca tions,43 and may sig nif i cantly
de crease the mor tal ity from DM.38 Phys i cal
ac tiv ity has been sig nif i cantly as so ci ated
with de creased prev a lence of type 2 di a be tes 
and re lated comorbidity,44 as well as with
reduced risk of car dio vas cu lar dis ease,
cardiovascular death and to tal mor tal ity
among men with type 2 di a be tes.45,46 More
phys i cal ac tiv ity and a less sed en tary

life style are im por tant in pre vent ing obe sity
and di a be tes44,46–49 and in re duc ing the risk
of car dio vas cu lar events among both
sexes.46,48

The data in our study have sev eral lim i ta -
tions. One is that the data in cluded all types
of di a be tes and did not per mit the dis tinc tion 
be tween pa tients with type 1 and type 2.
Although type 1 di a be tes most com monly
oc curs in child hood, it can oc cur at any
age,50 and could not be ruled out in our
study, which fo cussed on deaths among
those aged 35 or older. How ever, other re -
search re ports that type 2 DM cur rently ac -
counts for about 90–95% of all cases.50,51

An other limitation is that the mor tal ity data
we used here were the un der ly ing cause of
death, resulting in sig nif i cantly un der-rep re -
sented mor tal ity rates. DM is known to be
un der- re ported on death cer tif i cates as an
un der ly ing or con trib ut ing cause of death.52

In this study, we used data from Sta tis tics
Can ada’s na tional an nual mor tal ity files, and 
our results on DM mor tal ity may be un der es -
ti mated. A fi nal lim i ta tion is that the data for
2000 were coded ac cord ing to the ICD–10,
un like the data for the pre ced ing years. How -
ever, only a small dif fer ence be tween ICD–9
and ICD–10 codes was seen for di a be tes; a
pre lim i nary es ti mate from the US in di cates
less than a 1% in crease due to ICD–10 cod -
ing of di a be tes.53

In con clu sion, we ob served a sub stan tial
increase in mor tal ity from DM among
Canadians aged 35 and over be tween 1986
and 2000, par tic u larly in men. Our re sults
may pro vide a sci en tific ba sis for ef forts to
re duce mor tal ity from DM among tar get
populations in Canada.
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Sta tus Re port

The Ca na dian In ci dence Study of Re ported Child Abuse 
and Ne glect (CIS)

Ambika Dewan and Lil Tonmyr

A sig nif i cant num ber of Ca na dian chil dren
and youth are vic tims of abuse and ne glect,
yet there is lit tle na tional-level in for ma tion
avail able on this prob lem. The In jury and
Child Mal treat ment Sec tion of the Cen tre for
Healthy Hu man De vel op ment and its many
part ners across Can ada are con trib ut ing to
our knowl edge and un der stand ing of child
mal treat ment through the Ca na dian In ci -
dence Study of Re ported Child Abuse and
Ne glect (CIS). The first cy cle of data col lec -
tion for the CIS was in 1998, with a first
report is sued in 2001. The sec ond cy cle
occurred in late 2003. Many re search ers
have used CIS data, in ad di tion to in for ma -
tion re ported by Pub lic Health Agency of
Can ada, to ex am ine var i ous as pects of child
mal treat ment in Can ada.

Over view of the CIS

The CIS is the first na tion wide study to
examine the in ci dence of re ported child mal -
treat ment and the char ac ter is tics of chil dren
and fam i lies in ves ti gated by Ca na dian child
wel fare ser vices. In for ma tion is gath ered
from par tic i pat ing pro vin cial and ter ri to rial
child wel fare agen cies across Can ada. The
CIS ad dresses the four prin ci pal forms of
mal treat ment: phys i cal abuse, sex ual abuse,
ne glect and emo tional mal treat ment.

The CIS is in tended to fol low the health sur -
veil lance cy cle, which in volves three stages:
data col lec tion/ac qui si tion, data anal y sis,
the broad dis sem i na tion of the in for ma tion
for ac tion and a re turn to data col lec tion. The 
CIS op er ates on a five-year pe ri odic data
collection and re port ing cy cle. CIS–1998 data 

col lec tion was con ducted in 19981 and data
col lec tion for CIS–2003 oc curred in the
fall/win ter of 2003. The third cy cle of CIS
data col lec tion is planned for 2008. The on -
go ing and cy cli cal na ture of the CIS sur veil -
lance sys tem gen er ates data that will
con tinue to build knowl edge by track ing
trends and form ing an ev i dence base for
policy de vel op ment and evo lu tion of prac -
tice. CIS data are also used for de tailed
research. The first cy cle of this sur veil lance
sys tem has al ready pro vided valu able in for -
ma tion on not only the oc cur rence of child
mal treat ment among in ves ti gated cases, but
also on the char ac ter is tics of mal treated
children, their fam i lies, and their cir cum -
stances in the com mu nity.

CIS–1998 com bined its core study with four
pro vin cially sup ported stud ies at ad di tional
sites in New found land, Brit ish Co lum bia,
Que bec and On tario. A larger sam ple in
these ju ris dic tions al lowed the cal cu la tion of
in de pend ent pro vin cial in ci dence es ti mates.
Prince Ed ward Is land, the North west
Territories, On tario and Al berta are pro vid -
ing ex tra re sources for oversampling in
CIS–2003. 

Part ners 

Pub lic Health Agency of Can ada car ries out
the CIS in col lab o ra tion with pro vin cial/
territorial gov ern ments, par tic i pat ing child
wel fare agen cies and a ded i cated study
team. This is a team of re search ers from
regional ac a demic cen tres at the Uni ver sity
of Cal gary, Me mo rial Uni ver sity, Université
Laval, and the Uni ver sity of To ronto un der

the lead er ship of Dr. Nico Trocmé. The study 
is guided by a na tional ad vi sory com mit tee
in which ex per tise is drawn from many
fields in clud ing pub lic health, child ad vo -
cacy, child wel fare, pe di at rics, chil dren’s
men tal health, so cial ser vices and crim i nal
jus tice.

Pres ent work

Data col lec tion for CIS–2003 is now com -
plete, with the data ver i fied for in con sis ten -
cies and en tered into a da ta base. The study
team will soon en ter the data anal y sis and
re port ing phase of the study.

The fi nal re port for CIS–2003 will be avail -
able in Oc to ber 2005. This re port will be the
second na tional re port on child mal treat -
ment in Can ada and will pro vide the op por -
tu nity to com pare child abuse and ne glect in
Can ada at two dis tinct points in time. When
re leased, cop ies of the re port will be avail -
able from the Na tional Clear ing house on
Fam ily Vi o lence by call ing 1 800 267-1291 or 
by e-mail ing ncfv-cnivf@hc-sc.gc.ca.

While await ing the re sults of CIS–2003,
research re lat ing to CIS–1998 is be ing con -
ducted on many fac ets of child mal treat ment.
For ex am ple, a re cent ar ti cle2 pre sented a
com par a tive anal y sis of Ab orig i nal and non-
Ab orig i nal fam i lies to iden tify im por tant dif -
fer ences in terms of num bers of child mal -
treat ment in ves ti ga tions, types of mal treat-
ment, the place ment of chil dren in out-of-
home-care, and so cio eco nomic fac tors.
Another ar ti cle3 dis cussed the na ture and
severity of phys i cal harm caused by abuse
and neglect based on re ports of child
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mal treat ment doc u mented in the CIS. An -
other re search ar ti cle used CIS data to com -
pare chil dren with de vel op men tal de lays to
those with no de vel op men tal de lays, in terms 
of type and se ver ity of abuse and pa ren tal
char ac ter is tics such as in come and ed u ca -
tion.4

Im por tant find ings from CIS–1998 are also
dis cussed in the lat est is sue of the Health
Pol icy Re search Bul le tin, HPRB re leased in
Sep tem ber, 2005. The Health Pol icy
Research Bul le tin can be found at
www.hc-sc.gc.ca/arad-draa. Cop ies of CIS-
1998 can be or dered from the Na tional
Clearinghouse on Fam ily Vi o lence by tele -
phone at 1-800-267-1291 or by e-mail to
ncfv-cnivf @hc-sc.gc.ca. 
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21– 24 August, 2005
Nashville, Tennessee, USA

21st International Conference on
Pharmacoepidemiology & Therapeutic 
Risk Management

Tel.: (301) 718-6500
Fax: (301) 656-0989
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Association World Congress on
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Annual Conference
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E-mail: conference @cpha.ca
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17th Conference of the International Society
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Salt Lake City, UT, USA

14th Annual Meeting 
International Genetic Epidemiology Society
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meetings.html>
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1st International Cancer Control Congress <http://www.cancercontrol2005.com>

5–9 November, 2005
New Orleans, LA, USA

133rd Annual Meeting: Evidence Based 
Policy and Practice 
American Public Health Association

E-mail: diane.lentini@apha.org
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6–8 May, 2006
Montréal, Quebec, Canada

Reasons for Hope 2006 – CBCRA’s 4th

Scientific Conference
Canadian Breast Cancer Research Alliance

Susan Wall 
Coordinator, Conferences and Meetings 
Tel.:  (416) 596-6598  x 313 
E-mail: swall@cbcf.org 

<http://www.breast.cancer.ca/reasons_for_hope
_conferences/Default.asp?language=English>
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New Ed i tor-in-Chief

As past Ed i tor-in-Chief of Chronic Dis eases in Can ada, I ex tend my sin cere
apol o gies to the au thors, sub scrib ers and ev ery one else who has been af fected
by the re cent un prec e dented de lay in the pro cess ing and re view of manu scripts 
and in the pub li ca tion of this is sue.

The move from Health Can ada to the new Pub lic Health Agency of Can ada, a
fur ther move within the Agency, and per son nel changes all caused dis rup tions
through out the sys tem.

I am pleased to an nounce that Da vid Carle-Ellis has agreed to take on the po si -
tion of Act ing Ed i tor-in-Chief of Chronic Dis eases in Can ada. The tran si tion will 
be grad ual; we will both be avail able to en sure the con ti nu ity of the jour nal.
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mar gins, 12 point font size.
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