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Spatio-temporal distribution of hypothyroidism in
Quebec

Fabien Gagnon, Marie-France Langlois, Isabelle Michaud, Suzanne Gingras, Jean-François Duchesne and
Benoît Lévesque

Abstract

This study estimates the incidence and prevalence of hypothyroidism in Quebec, based on a
data bank produced by the Régie de l’assurance maladie du Québec (RAMQ) on the use of
thyroid hormones by persons insured under RAMQ’s public drug insurance plan between
1992 and 2001. In 2001, the prevalence of thyroid hormone use in women and men
respectively was 10.8 and 2.9 percent. Prevalence increases with age, reaching, among those
aged 65 and over, 21.9 percent in women and 8.0 percent in men in 2001. Incidence is highest
in women between the ages of 45 and 64 and in men aged 65 and over. Age-related incidence
is relatively stable in women but tends to increase in men. On a regional and local basis (by
Centre local de services communautaires [CLSC]), incidence rates up to 2.4 times higher than
anticipated on the basis of provincial incidence rates were observed.

Key words: distribution by age, distribution by sex, hypothyroidism, incidence, prevalence,
Quebec, spatial distribution, temporal trend

Introduction

Thyroid hormones, which act at the genome
level, perform many different functions
within many different systems. In addition to
being essential to neurological and intellec-
tual development at the fetal stage and in
childhood, these hormones are also essential
to normal growth. They also have an effect
on the heart by accelerating cardiac rate and
contractility. Thyroid hormones influence
the respiratory centres, alter intestinal motil-
ity and increase bone remodelling as well as
protein uptake by the muscles. Finally, these
hormones influence the metabolism of
carbohydrates and lipids.1

Hypothyroidism is defined as a clinical
syndrome resulting from thyroid hormone
deficiency. However, because thyroid hor-
mones are implicated in numerous func-
tions, the signs and symptoms of hypo-

thyroidism can often be rather general and
difficult to characterize. The symptoma-
tology of this endocrine disease is generally
subtle and insidious, at least in the early
stages. Consequently, hypothyroidism may
manifest as a variety of stigmas, including
hoarseness, psychomotor slowing, intoler-
ance to cold, hair loss, skin coarsening and
dryness, weight gain, bradycardia and con-
stipation. Certain signs, such as myxoedema
and slowing of the relaxation phase in
tendon reflexes, are more specific but not
always present.1 The condition can also
cause morbid complications in a wide vari-
ety of other conditions. For example, even
mild, sub-clinical hypothyroidism is associ-
ated with a partially reversible rise in
low-density lipoprotein (LDL) cholesterol.2

This can have clinically important conse-
quences, as demonstrated in cohort studies
that point to a possible link between

sub-clinical hypothyroidism and cardiovas-
cular disease.3,4 Hypothyroidism thus repre-
sents a far from negligible source of
morbidity, both from an individual and a
population standpoint.

Management of this chronic condition con-
sists of lifelong treatment with levothyroxine,
as well as medical monitoring. Even when
the disease is stable, adjustments in therapy
may be required in a variety of situations
(pregnancy, aging, particularly in patients
suffering from coronary disease), or as a re-
sult of poor drug compliance.1 According to
the classification established by the Régie de
l’assurance maladie du Québec (RAMQ), so-
dium levothyroxine (Synthroid®) is the medi-
cation most frequently prescribed by Quebec
physicians after acetylsalicylic acid (Aspi-
rin®).5

Recognized risk factors for hypothyroidism
include genetic predisposition, excessive
consumption of iodine or, conversely, iodine
deficiency, as well as certain iatrogenic
causes (radioiodide, surgery) and drug-
related causes (lithium, amiodarone, anti-
convulsant drugs).1 A large number of
chemical products can interfere with thyroid
gland functioning and, possibly, the action
of thyroid hormones.6 However, there is still
considerable uncertainty regarding the clini-
cal impact of such disturbances, given the
paucity of studies on human subjects.7 Ac-
cordingly, the purpose of this study is to pro-
vide guidance for etiological research in this
area.
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Method

Study population and period

The study population is that of Quebeckers
who were insured under the Régie de
l’assurance maladie du Québec’s (RAMQ)
public drug insurance plan during the period
of 1992 to 2001 inclusively. Prior to 1997,
only persons aged 65 and over, as well as
income security recipients and aboriginal
persons, were insured under this plan. In
1997, coverage under the public plan was
extended to all persons under the age of 65
who were not covered under a private drug
plan. These persons are referred to as
“participants.” Users of thyroid hormone
replacement products are defined as those
given a prescription for sodium levothyrox-
ine (Synthroid® or Eltroxin®) or sodium
liothyronine (Cytomel®). Excluded from this
study are users of thyroid hormone replace-
ment products who also take lithium, a drug
that can induce hypothyroidism.1

The first year of the study period, 1992,
encompasses a combination of new and old
cases. It was therefore selected as the base
level for identifying new users of thyroid
hormone replacement products as of 1993.

Moreover, since “participants” were added
to the population covered by the public
insurance plan in 1997, data from that year
can only be used to establish a new base
level for subsequent years and to identify
new users as of 1998. For persons under the
age of 65, the study period was divided into
two periods: 1993 to 1996 and 1998 to 2001.
However, for persons aged 65 and older who
were covered by the plan without interrup-
tion, the entire period of 1993 to 2001 was
used.

Variables

Since the data bank of RAMQ assigned an
anonymous identification number to every
user of thyroid hormone replacement prod-
ucts, we were able to gain access to the
following data: age or date of birth, sex,
Centre local de services communautaires
(CLSC) area and administrative region of
residence, and product name. Lithium use
status was also available for each subject
(except for the year 1992).

For each year from 1997 to 2001, three differ-
ent records (one for income security recipi-
ents, one for persons aged 65 and over, and
another for public drug insurance plan

participants) provided the total number of
persons (in person-years) who were insured
under the plan, by age and sex, in the vari-
ous health and social service regions of
Quebec. For years prior to 1997, population
data for income security recipients, as well
as for persons aged 65 and over, by region,
sex and age, were not available and were
therefore estimated based on the data relat-
ing to 1997 and 1998. This estimate was
based on the supposition that the change in
the size of the insured population that
occurred between 1997 and 1998 was com-
parable to the changes that occurred in ear-
lier years, based on region, sex and age.

An additional record dealt with the total
number of persons insured, in 2002, under
the public drug insurance plan for each area
served by a CLSC, by age and sex. These
population data were applied to the 1998–
2001 period, according to CLSC area, age
and sex.

Data processing and statistical
analysis

In the course of this study, prevalence, as
well as crude and age-standardized inci-
dence rates (direct standardization) were
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Incidence Prevalence

Sex Year
Eligible

population (PY)a

Number of
new cases

Crude rate
(/100,000)

Adjusted rate
(/100,000)

Number of
cases Prevalence (%)

Women 1993 962,170 12,302 1,278.57 1,384.44 65,722 6.83

1994 945,939 12,608 1,332.86 1,472.39 73,562 7.78

1995 929,708 13,498 1,451.85 1,550.84 81,726 8.79

1996 913,477 14,255 1,560.52 1,648.89 91,435 10.01

1993–1996 3,751,294 52,663 1,403.86 1,511.75 106,792 11.39

p-trend valueb < 0.001

Men 1993 772,894 3,013 389.83 390.33 11,200 1.45

1994 756,046 3,331 440.58 420.70 13,194 1.75

1995 739,198 3,504 474.03 448.95 15,211 2.06

1996 722,350 4,135 572.44 515.00 17,921 2.48

1993–1996 2,990,488 13,983 467.59 443.49 22,285 2.98

p-trend valueb < 0.001

a person-years
b calculated for adjusted incidence rates

TABLE 1
Incidence and prevalence of thyroid hormone use in Quebec from 1993 to 1996, in

seniors and social assistance recipients



used to describe the use of thyroid hor-
mones. The weighting system employed was
based on the five-year age group structure of
the Quebec population insured by RAMQ,
via the summation of male and female popu-
lation sizes during the period extending from
1998 to 2001.

The age-standardized rate ratio (SRR)—the
standardized incidence rate of a given area
over the provincial rate—was the measure
used to compare rates. The p-value associ-
ated with the SRR provided a means of deter-
mining whether differences were statistically
significant.8 Rate variation coefficients were
also presented in order to measure the rates.

In order for an SRR to be considered signifi-
cantly different (by 1), both clinically and
statistically, three elements had to be pres-
ent: the gap in relation to the province had to
be sufficiently large (a difference of at least
33 percent); rates had to be stable (a vari-
ance coefficient of no more than 16.5 per-
cent); and, of course, the difference had to
be statistically significant (p-value ≤ 0.001).

The importance attributed to a gap is always
partly subjective. For this reason, it was
decided that the knowledge acquired con-
cerning geographic variations in cardiovas-
cular disease (CVD) would be used to
provide objective benchmarks. Like hypo-
thyroidism, CVD is a multifactorial chronic

disease. There are significant CVD mortality
gaps among industrialized countries. Since
we knew that the rate of CVD mortality in
Japan was 67 percent lower than in Canada,9

we felt that we were justified in assuming
that a gap should be at least equivalent to
half of this value (that is, 33 percent) before
variations in exposure to certain potential
risk factors should be considered. Moreover,
the statistical power of this study is unassail-
able, given the large population sizes that
were used in our calculations. It is important
to underscore, however, that this consider-
able statistical power may result in rejection
of the null hypothesis for very small differ-
ences. In order to offset this phenomenon,
the threshold of statistical significance was
set at a = 0.1% (p ≤ 0.001).

For each of the two study periods, provincial
incidence rates and prevalence were calcu-
lated by year and according to the following
age groups: < 15 years, 15 to 44 years,
45 to 64 years and ≥ 65 years. Since the pop-
ulation aged 65 and over was insured by
RAMQ during the period from 1992 to 2001
inclusively, annual rates for this age group
were calculated for each study year, begin-
ning with 1993. Regional incidence rates and
prevalence were calculated for the period of
1998 to 2001, by year and by age group.
Rates for the entire period were also calcu-
lated for each of the 167 CLSC areas in

Quebec. However, rates by region and by
CLSC area were not calculated for the
1993–1996 period since there remained con-
siderable uncertainty regarding insured pop-
ulation estimates for this period. All results
are stratified by sex.

In order to determine the presence of a tem-
poral trend, in the form of an increase or
decrease in annual provincial or regional in-
cidence rates during the period under study,
linear rate modelling was employed. The
threshold of statistical significance for these
temporal trends was also set at 0.1%
(p ≤ 0.001).

Results

Table 1 presents incidence and prevalence of
thyroid hormone use by seniors and social
assistance recipients for the period of 1993 to
1996, while Table 2 presents incidence and
prevalence of use for all persons covered un-
der the public drug insurance plan during
the 1998–2001 period. In 2001, 1,705,570
women and 1,454,208 men (in per-
son-years) were covered by the public drug
insurance plan. For the 1998–2001 period as
a whole, the adjusted incidence rate was
1,192/100,000 person-years (PY) for women
and 541/100,000 PY for men. Among
women, the incidence rate tends to increase
over time during the first study period of
1993 to 1996 (p < 0.001), but shows a
downward trend during the second period of
1998 to 2001 (p < 0.001). In the case of
men, the incidence rate tends to increase
during both of the periods under study
(p < 0.001). The overall incidence rate in
women was 3.4 times higher than that of
men for the 1993–1996 period, and 2.2 times
higher in 1998–2001. In 2001, 10.8 percent
of women insured under the public drug
insurance plan were taking thyroid hormone
replacement products, a proportion that falls
to 2.9% for men.

Figure 1 presents annual rates of thyroid
hormone use in persons aged 65 and over
from 1993 to 2001. In women, the incidence
rate is fairly stable over time (p = 0.712),
whereas in men the rate increases
(p < 0.001). In 2001, the prevalence of
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thyroid hormone use in women and men in
this age group was 21.9 percent and 8.0
percent, respectively.

Figure 2 illustrates variations in the inci-
dence of thyroid hormone use for different
age groups during the 1998–2001 period.
The highest incidence in women is found in
the 45-to-64 age group (1,998/100,000 PY).
In men, the highest incidence rate is found in
the 65-and-over age group (1,239/100,000
PY).

Incidence and prevalence of thyroid hormone
use, by administrative region during the
1998–2001 period, are presented in Table 3.
For women, Chaudière-Appalaches (age-stan-
dardized rate ratio [SRR] = 1.426) is the only
region in which the incidence rate is signifi-
cantly higher than the provincial rate, based
on the criteria selected. For men, two regions
show an incidence rate that is significantly
higher than the provincial rate, namely
Chaudière-Appalaches (SRR = 1.778) and
Lower St. Lawrence (SRR = 1.491). Based on
the selected criteria, no region shows an inci-
dence rate for either sex that is significantly
lower than the provincial rate. The highest
prevalence obtained by age group were in per-
sons aged 65 and over residing in the
Chaudière-Appalaches region, where 30.6 per-
cent of women and 16.4 percent of men in this
group were thyroid hormone users (data not
presented).

During the 1998–2001 period, annual
incidence rates for women showed a down-
ward trend in Saguenay-Lac-Saint-Jean,
Montreal-Centre, Outaouais, Chaudière-
Appalaches and Lanaudière, and an upward
trend in Montérégie (p < 0.001). Among
men, a downward variation was observed
only in the Lanaudi�re region, while rates in-
creased in Mauricie-Centre-du-Québec,
Estrie, Abitibi-Témiscamingue, Gaspésie-
Îles-de-la-Madeleine and Montérégie.

Two additional figures (not published here
for technical reasons but available by re-
quest) show the geographical distribution,
for men and women respectively, of the
SRRs calculated for the 1998-2001 period, by
Centre local de services communautaires
(CLSC) area. Based on the selected criteria,
women in 17 CLSC areas show an incidence
rate of thyroid hormone use that is signifi-
cantly higher than the provincial rate; inci-
dence rates for men were significantly higher
than the provincial rate in 22 CLSC areas.
CLSC areas with incidence rates exceeding
the provincial rate for both women and men
were observed in the following regions:
Chaudière-Appalaches (6 in 10 CLSC areas
for women and 9 in 10 areas for men);
Lower St. Lawrence (3 in 9 CLSC areas for
women and 6 in 9 areas for men) and North
Shore (3 in 8 CLSC areas for women and 1 in
8 areas for men). CLSC rates up to 2.0 and

2.4 times the expected rate were observed in
women and men respectively (in Chaudière-
Appalaches).

Moreover, for women and men respectively,
16 and 19 CLSC areas had incidence rates of
thyroid hormone use that were significantly
lower than the provincial rate, based on the
selected criteria. The regions with the largest
proportion of CLSCs with incidence rates
lower than the provincial rate were
Saguenay-Lac-Saint-Jean (3 in 7 CLSC areas
for women and 2 in 7 areas for men),
Montreal-Centre (2 in 35 CLSC areas for
women and 6 in 35 areas for men), the
Laurentians (2 in 7 CLSC areas for women
and 3 in 7 areas for men), and Montérégie
(4 in 19 CLSC areas for women and 5 in 19
areas for men). CLSC rates as low as 0.62
and 0.54 times the expected rate were
observed for women and men respectively
(in Montérégie).

Discussion
In locales where iodine intake levels are ade-
quate, the usual prevalence of hypo-
thyroidism is roughly one percent.10 For ex-
ample, a survey conducted with 2,779 adults
in the municipality of Whickham, England,
showed that the prevalence of hypo-
thyroidism was 1.4 percent in women and
less than 0.1 percent in men.11 The preva-
lence of thyroid hormone use measured in
2001 for the purposes of this study—namely
10.8 percent for women and 2.9 percent for
men—suggest that hypothyroidism is far
more common than first suspected. In fact,
these prevalences would appear to be more
reflective of the prevalence of sub-clinical
hypothyroidism, a condition defined as the
presence of a high concentration of thy-
reostimulin (or thyroid-stimulating hormone
[TSH], which is produced by the pituitary
gland to stimulate the thyroid), and normal
concentrations of thyroid hormones. Indeed,
investigations comprising biological mea-
surements have demonstrated prevalences
of sub-clinical hypothyroidism of eight per-
cent in women and three percent in men.12

Our own results suggest that the majority of
sub-clinical hypothyroidism cases are proba-
bly being treated in Quebec (although this
practice is not unanimously supported by
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the medical community13,14), or perhaps that
the prevalence of clinical hypothyroidism is
actually greater here than elsewhere.

It is important to note that among the thyroid
hormones considered in this study, sodium
liothyronine (Cytomel®) is not specific to the
treatment of hypothyroidism: This hormone
can also be used to treat refractory depres-
sion or to prepare patients for certain nuclear
medicine tests.1 However, our data bank
shows that this drug was taken by only 0.38
percent of those who used thyroid hormones
for the first time during the 1998–2001
period. Moreover, the large proportion of
seniors in our study population necessarily
results in an overestimation of prevalence,
since age adjustments are made only for
incidence. Still, the prevalences calculated
with respect to persons aged 65 and over are
comparable to those estimated during the
same period in seniors for The Canadian
Study of Health and Aging. In that study,
which was carried out between February
1991 and May 1992, the proportion of per-
sons aged 65 and over who were using thy-
roid hormone replacement products was 8.8
percent for men and women combined
(compared to 11.2 percent for women and

2.9 percent for men in the same group in our
own 1993 study).15

As for incidence, the rates of thyroid hor-
mone use observed here (1,192/100,000 PY
in women and 541/100,000 PY in men for
the 1998–2001 period) are distinctly higher
than those measured for hypothyroidism in
the Whickham cohort follow-up (410/
100,000 PY in women and 60/100,000 PY in
men, at the end of a follow-up period of
twenty years).16 Also noteworthy is the fact
that case definitions are comparable, since
the identification of new cases in the
Whickham cohort follow-up was based on
the treatment decisions of physicians. It may
be that the treatment of sub-clinical hypo-
thyroidism is more selective in England.
What is more, the two populations are quite
different: The first comprises persons aged
65 and over, as well as all social assistance
recipients, while the second is derived from
a random sample.

Age-related increases in incidence rates and
prevalence of hypothyroidism are a well-
known phenomenon.17 However, it is im-
possible to determine whether the temporal
variations observed in the rates measured

here (particularly the marked increase ob-
served in men aged 65 and over between
1993 and 2001) reflect a real or apparent in-
crease in disease. Such temporal trends may
reflect changes in the population’s consulta-
tion habits as much as changes in medical
practices (level of medical assessment, thy-
roid hormone assay methods, interpretation
of laboratory results, etc.). One thing is cer-
tain: The same phenomenon has been ob-
served elsewhere in the world. According to
a general population study conducted in
Spain, the prevalence of thyroid hormone
use in that country increased by 164 percent
between 1992 and 2000.18

One of the primary problems encountered in
epidemiological studies of thyroid disease re-
lates to the definitions used.10 The diagnosis
of hypothyroidism is based on the measure-
ment of TSH. The secretion of thyroid hor-
mones by the thyroid gland is in fact a
response to a negative feedback mechanism:
If there is thyroid insufficiency, the level of
TSH increases.1 TSH is therefore a marker of
thyroid activity. Different generations of
tests have been used to measure TSH. The
detection limit of first-generation tests was
somewhere between 5 and 10 BIU/L. Most
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Incidence Prevalence

Sex Year
Eligible

population (PY)a

Number of
new cases

Crude rate
(/100,000)

Adjusted rate
(/100,000)

Number of
cases Prevalence (%)

Women 1998 1,672,977 21,073 1,259.61 1,223.87 145,987 8.73

1999 1,695,650 20,888 1,231.86 1,192.64 158,908 9.37

2000 1,693,898 20,993 1,239.33 1,195.26 171,587 10.13

2001 1,705,570 20,661 1,211.38 1,159.28 183,429 10.75

1998-2001 6,768,095 83,615 1,235.43 1,191.83 211,956 12.53

p-trend valueb < 0.001

Men 1998 1,406,844 6,299 447.74 492.25 29,003 2.06

1999 1,429,296 7,002 489.89 538.71 33,533 2.35

2000 1,440,160 7,397 513.62 566.41 38,069 2.64

2001 1,454,208 7,547 518.98 565.69 42,677 2.93

1998–2001 5,730,508 28,245 492.89 540.96 51,680 3.61

p-trend valueb < 0.001

a person-years
b calculated for adjusted incidence rates

TABLE 2
Incidence and prevalence of thyroid hormone use in Quebec from 1998 to 2001, in

persons registered with the public drug insurance plan
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Incidence Prevalence

Sex Region
Adjusted rate

(/100,000) SRR P-value CV (%)
Number of

cases Prevalence (%)

Women 01 Lower St. Lawrence 1,495.18 1.255 0.0000 1.71 8,362 15.02

02 Saguenay – Lac-Saint-Jean 1,246.55 1.046 0.0112 1.74 8,619 13.43

03 Quebec City 1,139.78 0.956 0.0003 1.19 19,845 13.81

04 Mauricie et Centre-du-Québec 1,011.72 0.849 0.0000 1.38 14,849 12.14

05 Estrie 1,273.41 1.068 0.0001 1.67 8,999 13.31

06 Montreal-Centre 1,054.83 0.885 0.0000 0.70 54,285 11.28

07 Outaouais 1,281.48 1.075 0.0001 1.82 7,163 11.43

08 Abitibi-Témiscamingue 1,018.39 0.854 0.0000 2.69 4,427 12.74

09 North Shore 1,491.30 1.251 0.0000 3.02 2,573 13.53

11 Gaspésie – Îles-de-la-Madeleine 1,097.58 0.921 0.0027 2.72 3,416 10.90

12 Chaudière-Appalaches 1,699.91 1.426 0.0000 1.27 14,985 17.38

13 Laval 1,312.69 1.101 0.0000 1.57 9,750 13.29

14 Lanaudière 1,437.23 1.206 0.0000 1.47 10,359 12.64

15 Laurentides 1,050.59 0.881 0.0000 1.55 11,302 11.20

16 Montérégie 1,227.85 1.030 0.0014 0.87 32,625 12.41

10-17-18 Nord-du-Québec, Nunavik,
Terres-Cries-de-la-Baie-James

1,286.58 1.079 0.3042 7.44 397 9.49

Province 1,191.83 1 – 0.35 211,956 12.53

Men 01 Lower St. Lawrence 806.42 1.491 0.0000 2.61 2,545 5.19

02 Saguenay – Lac-Saint-Jean 607.30 1.123 0.0001 2.95 2,125 3.86

03 Quebec City 540.43 0.999 0.9641 2.07 4,793 4.14

04 Mauricie et Centre-du-Québec 484.42 0.895 0.0000 2.31 3,776 3.68

05 Estrie 586.07 1.083 0.0054 2.81 2,342 4.12

06 Montreal-Centre 441.69 0.816 0.0000 1.27 11,782 2.96

07 Outaouais 552.49 1.021 0.5388 3.38 1,678 3.06

08 Abitibi-Témiscamingue 583.49 1.079 0.0682 4.11 1,282 4.08

09 North Shore 652.87 1.207 0.0003 5.19 720 4.19

11 Gaspésie – Îles-de-la-Madeleine 472.60 0.874 0.0036 4.59 883 3.07

12 Chaudière-Appalaches 961.82 1.778 0.0000 1.92 4,702 6.33

13 Laval 546.30 1.010 0.7410 2.91 2,233 3.63

14 Lanaudière 613.55 1.134 0.0000 2.67 2,576 3.54

15 Laurentides 458.44 0.847 0.0000 2.76 2,770 3.12

16 Montérégie 507.78 0.939 0.0002 1.59 7,374 3.32

10-17-18 Nord-du-Québec, Nunavik,
Terres-Cries-de-la-Baie-James

530.72 0.981 0.8834 13.01 99 2.53

Province 540.96 1 – 0.60 51,680 3.61

TABLE 3
Incidence and prevalence of thyroid hormone use, by Quebec region, from 1998 to 2001, in

persons registered with the public drug insurance plan



laboratories in Quebec now use second-
generation tests, which have a detection
limit of approximately 0.1 BIU/L.19 The
changeover to more sensitive tests occurred
in the mid-1980s.19 Therefore, it is unlikely
that this transition accounts for the observed
trend, as it occurred well before the period
covered by the present study.

Moreover, the upper limit of the reference
interval for TSH has regularly declined over
the past two decades. Long set at 10
BIU/L,19,20 this limit had fallen to anywhere
between 0.4 BIU/L and 6.0 BIU/L by
1992.19,21 Although it occurred just before
the study period, this change in the interpre-
tation of laboratory results may have been
introduced gradually and may therefore
explain part of the rate increases observed,
at least during the first study period (1993–
1996). Following the introduction of new
guidelines in 2002 by the National Academy
of Clinical Biochemistry in the U.S., the
upper limit of the reference interval was
again reduced.19 However, that change took
place after the period covered by the present
study.

This study does not provide an explanation
for the disparities and geographic clustering
observed in regional and local rates of thy-
roid hormone use. Given that auto-immune
forms represent the primary cause of hypo-
thyroidism in regions where iodine intake
levels are adequate,1,10 increased susceptibil-
ity determined by genetic factors inevitably
presents itself as a possible explanation.
Exposure to certain environmental factors
may also play an etiological role, even in
auto-immune forms.22 Pesticides, halocar-
bons, phenolic compounds and phthalates
are the synthetic compounds most fre-
quently studied for their toxic effects on thy-
roid function.7 It has not been possible,
within the framework of this study, to iden-
tify the proportion of users who began taking
thyroid hormones following treatment for
hyperthyroidism (iodine 131, subtotal thyro-
dectomy, antithyroid drugs). As many as
one third of all cases of hypothyroidism may
in fact have an iatrogenic origin.10 Thus, it is
possible that part of the geographic varia-
tions observed in rates of hypothyroidism
may be due to variations in the occurrence of
hyperthyroidism, or to variations in the

modalities used to treat this disease. In order
to avoid confounding effects, users of thy-
roid hormone replacement products who
were also taking lithium for the treatment of
manic-depressive psychosis were excluded
from the study, since lithium can induce
hypothyroidism.1 Family history is consid-
ered to be the most powerful risk factor for
mood disorders and bipolar disorder in
particular.23

It is important to interpret results prudently.
In certain situations, the use of extrapola-
tions to estimate eligible populations may
have resulted in inaccurate rate calculations.
What is more, even though the public drug
insurance plan now covers close to half of
the Quebec population (46 percent of
women and 41 percent of men in 200124),
differences exist between the population
insured under this plan and that covered by
private insurers. Finally, it is important to
understand that two participants covered for
only six months under the public plan, as a
result of having access to private coverage
during the rest of the year, were not counted
in this study as two persons covered under
the plan in that year, but as a single person-
year. A variation of this phenomenon on a
regional basis could represent a source of
bias in terms of geographic analysis, particu-
larly in situations where differences in types
of employment or in employment stability
result in more frequent movement between
the public plan and private insurance plans.
Still, such bias would be limited to working-
age population groups, since all seniors are
covered under the public plan. However,
incidence rates for seniors could also be over
estimated in regions that have a large pro-
portion of persons covered by a private plan
prior to age 65. Among the latter, all thyroid
hormone users who acquire coverage under
the public plan upon reaching age 65 will in-
correctly be identified as new cases. None-
theless, it is interesting to note that age-
standardized rate ratio (SRR) calculations by
age group reveal that in regions where
excesses were observed, these excesses
manifested themselves in all age groups,
beginning at age 15.

Only population surveys that comprise bio-
logical measurements would provide a
means of determining whether the temporal

trends that were measured here reflect an
actual or merely apparent increase in dis-
ease. It will also be necessary to determine
whether regional and local disparities can be
explained by variations in thyroid patient
management practices. In the event that geo-
graphic variations in medical practices are
not present, the investigation of regional ex-
cesses should be pushed further, in the form
of etiological studies.
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The epidemiology of self-reported fibromyalgia in
Canada

J Dayre McNally, Doug A Matheson and Volodko S Bakowsky

Abstract

Fibromyalgia (FM) is a poorly understood condition characterized by chronic diffuse
musculoskeletal pain. This study describes the self-reported epidemiology of FM in Canada
using data collected from the Canadian Community Health Survey, Cycle 1.1 (2000). FM
prevalence rates with corresponding 95 percent confidence intervals were calculated. The
Canadian prevalence rate was 1.1 percent with a female-to-male ratio of six to one. In women,
rates increased with age up to 65 years, declining thereafter. Data collected on-age-
at-diagnosis is presented and demonstrates a surprising number of newly diagnosed FM cases
among people in their 20s and 30s, signifying that FM is a problem for people of all ages. The
association with FM and a number of sub-populations was also investigated. With respect to
geography and environment, the FM prevalence rate in women was shown to be
approximately two percent in all Canadian regions except Quebec, where it was 1.1 percent.
Further analysis by language suggested that geographical and cultural differences might best
explain this observation. Finally, an association with a number of behavioral and
socioeconomic determinants of health, including weight, is presented.

Key words: Canada, epidemiology, fibromyalgia, prevalence

Introduction

Fibromyalgia (FM) is a controversial
rheumatologic disorder of uncertain etiology
and pathogenesis, characterized by chronic
widespread non-articular musculoskeletal
pain. The classification criterion most com-
monly used to define cases, both clinically
and in research, is the 1990 American Col-
lege of Rheumatology (ACR) definition.1

This definition requires the presence of
chronic widespread pain of at least three
months duration and the presence of at least
11 of 18 possible tender points on clinical
exam. In addition to pain, FM patients often
report disturbing physical and psychological
symptoms including altered sleep patterns,
fatigue, cognitive problems and mood dis-
turbances. Some have argued that these lat-
ter features should also be included in the
diagnostic criteria.2–4

Although many aspects of FM, such as
pathophysiology and treatment, are contro-
versial, the substantial impact on patient
quality of life and the socioeconomic costs of
this disorder are without debate. Numerous
studies have shown that FM affects not only
physical health, but also emotional and
mental health, leading to restrictions in daily
living and leisure activities.3,5,6 FM is often
accompanied by a considerable degree of
work disability, an increased likelihood of
receiving financial support and consistently
higher health resource utilization.7–10 If pre-
viously reported values for FM prevalence
are correct, (one to two percent of the gen-
eral population) approximately 500,000
Canadians suffer from FM, with an esti-
mated cost of 350 million dollars to the
Canadian health care system.11 Given the
large impact that FM has at both the

individual and population levels, further
descriptive epidemiology of the disorder
would be helpful.

The widespread acceptance of FM as a diag-
nostic entity over the past decade has
created a scenario where large-scale epide-
miological studies using self-reporting are
now possible. For example, two European-
based epidemiological studies focusing on
rheumatology, and including results on FM,
have recently been published, using self-
reporting data.12,13 Our study used data col-
lected by Statistics Canada in a national
health survey, the 2000/2001 Canadian
Community Health Survey (CCHS), Cycle
1.1, to carry out the first Canadian-based
large-scale descriptive epidemiological study
on FM. More specifically, the prevalence of
FM and its association with a number of
socioeconomic, demographic and behav-
ioural determinants of health were
investigated.

In addition to providing more current data, a
FM study utilizing the CCHS data provides
numerous advantages over existing
European and North American studies. To
date, only small-scale studies have been car-
ried out in North America, and, although of
undisputed value, the results obtained are
difficult to extrapolate to the national level.
These types of studies are invariably carried
out on relatively homogenous populations
and can be influenced by the health care dy-
namics within the area.14,15 In particular,
small-scale studies may suffer from a referral
bias as they are generally carried out in ter-
tiary care centers where patients are not typi-
cal of the general community. The CCHS
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survey design and sample size reduces these
biases. As well, the large size has allowed for
the estimation of prevalence in a variety of
subgroups—calculations not possible with
the smaller North American studies and not
performed with the larger European studies.

Methods

CCHS overview

The present analysis is based on the
cross-sectional data from Cycle 1.1 of the
CCHS, conducted by Statistics Canada and
carried out over a 12-to-14-month period
beginning in 2000. The survey’s design and
execution have been detailed elsewhere.16

Briefly, the CCHS uses the area frame
designed for the Canadian Labour Force
Survey as its primary sampling frame. A
multistage stratified cluster design was used
to draw a representative sample of dwell-
ings, totaling 131,535 individual Canadians.
The target population included household
residents in all ten provinces, excluding
households on Indian reserves or Crown
land, Canadian military bases and some
remote areas. Selection of individual respon-
dents was designed to target individuals
aged 12 or older with an over-representation
of those between 12 and 19 and those over
the age of 65. In 82 percent of the house-
holds one person was randomly selected for
an in-depth interview, and in the remaining
18 percent two persons were selected. If the
selected individual was unavailable after
repeated attempts, another member of the
household was asked to provide a proxy
interview.

Study population

As part of the interview, it was explained to
the participants that the survey was focused
on certain chronic health conditions. These
were described as “‘long-term conditions”
that had lasted or were expected to last six
months or longer and that had been diag-
nosed by a health professional. Those
respondents who answered affirmatively to
the survey question CC_Q041 (“Remember,
we’re interested in conditions diagnosed by
a health professional. Do you have
fibromyalgia?”) were recorded as having
FM. Those individuals who self-reported

having FM were also asked to provide the
age at which they were diagnosed (survey
question CC_Q042).

CCHS variables

The CCHS included numerous questions
related to health status, various determi-
nants of health, and health service utiliza-
tion. Following the identification of the study
population, the associations between FM
and a variety of additional characteristics
were investigated. The socio-demographic
variables included in the analysis were
gender; geographic location (Atlantic
Canada, Quebec, Ontario, the Prairie prov-
inces, and British Columbia); urban (census
districts with a population density greater
than 400 inhabitants per square kilometer)
versus rural; immigrant status; Francophone
status; and age.

In addition, various determinants of health,
including education, income, weight, smok-
ing and alcohol consumption, were investi-
gated and the variables were grouped as
follows: To control for age and sex, men and
women were analyzed separately, and only
those between the ages of 35 and 65 were
used for the analysis. The association
between weight and FM was assessed using
Body Mass Index (BMI). Smoking history
was categorized as daily; occasional but
former daily; occasional; nonsmoker but
former daily; nonsmoker but former occa-
sional; or never smoked. Alcohol consump-
tion was categorized as regular, occasional
or former drinkers, as well as a group who
had never consumed alcohol. Subjects were
also grouped into four categories based on
the level of education attained: post-
secondary education; some level of post-
secondary education; completion of second-
ary education; or completion of less than
secondary school graduation. Income was
assessed using data provided by CCHS that
grouped the sample into quartiles (lowest,
lower middle, upper middle and highest
income) based on absolute income levels.

Statistical analysis

Prevalence rates were calculated among the
various subgroups described above. The
Rao-Wu bootstrap re-sampling technique

was used to calculate the corresponding 95
percent confidence interval for the point esti-
mates. This technique corrects for the sam-
pling error built into the CCHS complex
survey design caused by stratification, multi-
ple selection stages and the unequalled prob-
abilities of respondent selection.17,18 More
specifically, the Rao-Wu bootstrap method
estimates the sample variance by re-
sampling from within the sample frame. The
statistical analyses were conducted using
SPSS software (release 11.1) and SPSS mac-
ros available through the Statistics Canada
remote access service. Statistics Canada
protects the validity of the data provided and
in certain instances, when the number of
observations is small and the output returns
a high coefficient of variation (CV), results
are withheld. More specifically, when the CV
is greater than 33.3, the estimate of variance
is considered meaningless and the point esti-
mate ignored as it is deemed too unreliable
to publish. Additionally, when the CV was
calculated between 16 and 33.3, the point
estimate and confidence intervals are
retained, but the results should be inter-
preted cautiously as the estimated variance
used for deriving the confidence interval
may not be reliable.

Results

Demographic studies

Based on the CCHS data, 1.1 percent (95%
CI: 1.0–1.2) of the Canadian population
self-reported having health professionally di-
agnosed FM. Analysis by gender shows that
FM is a disorder predominantly affecting
women (1.8%; 95% CI: 1.7–2.0) with a
prevalence six times higher than that
observed in men (0.3%; 95% CI: 0.2–0.4).
The FM prevalence, and corresponding con-
fidence intervals for a number of population
characteristics including age, immigrant
status and geographical location, are shown
in Table 1.

The prevalence of FM in women is initially
low in those younger than 25 years of age
(0.2%; 95% CI: 0.1–0.4) and then increases
until reaching a maximum in the 55 to 64
age grouping (4.2%; 95% CI: 3.6–4.8),
before declining in the elderly. The preva-
lence was constant in men over the age of
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35, but was too low to be estimated accu-
rately in men under the age of 35. The com-
bination of a gender preference and a high
prevalence in the age group making up the
largest portion of the population result in
almost 65 percent of all reported FM cases
being in women between the ages of 35 and
65.

Age-at-diagnosis observations

A number of interesting observations were
made using the data collected on age at diag-
nosis (data on men were excluded due to the
small number of cases). First, a comparison
of the respondent’s current age with age at
diagnosis showed a disproportionately high
number of women diagnosed in the years
corresponding to the introduction of the ACR
FM definition. Grouping the data into five-

year intervals shows that there were an esti-
mated 47,000 new FM cases in the last five
years, 88,000 cases five to ten years ago (i.e.
immediately following the introduction of
the ACR definition) and 56,000 cases ten to
fifteen years ago. A transient rise in the
number of new cases per annum is common
following both the general acceptance of a
new disease entity and the introduction of
either a new (more sensitive) diagnostic test
or set of diagnostic criteria. An assessment of
those cases diagnosed in the five years pre-
ceding data collection showed that only six
percent of the newly diagnosed FM cases
occurred in the group over the age of 60,
while 27 percent occurred in those under the
age of 35.

Using the Statistics Canada definition of
urban areas, no difference in the self-

reported prevalence was evident between
rural and urban sub-groups for either men or
women (Table 1). When disease prevalence
was calculated (among women between 35
and 65) for different geographical regions,
Quebec and Ontario were the only areas
with point estimates below two percent. The
Quebec value (1.1%; 95% CI: 0.8–1.4) was
nearly half the value of all other Canadian
regions—a statistically significant result.

Considering the relatively low prevalence of
FM in Quebec, the leading French-speaking
province in Canada, a more in-depth analy-
sis according to language and province of
residence was performed. Figure 1 shows
the prevalence for francophone women
between the ages of 35 and 65, based on
whether they reside in Quebec or elsewhere.
The graphs show that francophone women
living outside of Quebec have a FM preva-
lence similar to the rest of the country
(Figure 1A), while those who live within
Quebec have a significantly decreased likeli-
hood of reporting FM. Figure 1C shows that
there is no overall difference in FM preva-
lence between the English and French
speaking populations living outside of
Quebec.

Table 1 also lists the self-reported prevalence
for native-born Canadians and for immi-
grants. While the estimated prevalence for
men was similar between the two groups,
immigrant women appear to have a signifi-
cantly lower prevalence (1.5%; 95% CI:
1.2–1.8) than native-born women (1.9%;
95% CI: 1.8–2.1). The self-reported preva-
lence of FM among immigrant women and
Canadian-born women was compared for
four different groups of women over the age
of 35 (Table 2). The data shows that the con-
dition is less prevalent among immigrant
women in all three age groups under 65,
reaching statistical significance in the 45-to-
54 and 55-to-64 age groups. No difference in
prevalence rates was observed for the age
group representing those females over the
age of 65.

Socioeconomic results

To evaluate the link between socioeconomic
status and FM, we determined the preva-
lence of FM according to education and
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Men Women

Percentage CI Percentage CI

Age group

< 25 a 0.23 0.10–0.36

25–34 a 0.79 0.58–1.00

35–44 0.46 0.27–0.65 1.79 1.47–2.11

45–54 0.58 0.35–0.80 3.26 2.78–3.74

55–64 0.47 0.22–0.72 4.21 3.58–4.84

> 65 0.42 0.22–0.63 1.75 1.49–2.06

Area

Rural 0.31 0.20–0.41b 2.03 1.75–2.31

Urban 0.33 0.25–0.42 1.79 1.63–1.94

Immigrant status

Born in Canada 0.28 0.22–0.35 1.93 1.78–2.08

Immigrant 0.49 0.24–0.74b 1.46 1.17–1.75

Region

Atlantic provinces 0.27 0.15–0.39b 2.11 1.78–2.44

Quebec 0.21 0.11–0.30b 1.12 0.82–1.40

Ontario 0.39 0.24–0.53b 1.94 1.70–2.18

Prairie provinces 0.43 0.21–0.66b 2.13 1.82–2.44

British Columbia 0.27 0.14–0.41b 2.29 1.92–2.66

Overall prevalence 0.33 0.26–0.40 1.83 1.69–1.96

a Insufficient observations to calculate the point prevalence; coefficient of variation is greater than 33.
b Coefficient of variation is between 16 and 33.

TABLE 1
Prevalence and 95% confidence intervals of self-reported, health professionally

diagnosed FM in men and women according to individual characteristics.
The Canadian Community Health Survey, Cycle 1.1 (2000)



income level in women between 35 and 65
(Table 3). Women in the lowest income
quartile were more likely (3.4%; 95% CI:
2.8–4.1) than women from the highest
(2.2%; 95% CI: 1.8–2.6) to report a diagno-
sis of FM. Similarly, men (no age restric-
tions) from the poorest households were
more likely (1.2%; 95% CI: 0.5–1.8) to re-
port FM compared to the wealthiest group
(0.3%; 95% CI: 0.2–0.4). For education, the
only statistically significant difference
among the four groups was between women
who had completed a post-secondary educa-
tion (2.0%; 95% CI: 1.8–2.3) and those who
had not completed their secondary school
studies (1.5%; 95% CI: 1.3–1.8). No such
trend was evident for men.

Behavioural determinants of
health

To examine the association between weight
and FM, the respondents were divided into
four groups according to body mass index
(BMI). The results for men show a similar
prevalence in all 4 BMI categories (Table 4).
In women, there was a clear trend towards
higher self-reported FM with rising levels of
BMI. Those with a BMI of greater than 30
were almost twice as likely to self-report
when compared to the group with a BMI less
than 24.

To consider the effect of smoking, respon-
dents between the ages of 35 and 65 were
grouped into one of six categories, ranging
from daily smoker to having never smoked.
No difference in self-reporting was apparent
between any of the groups for men. How-
ever, the results suggested that women who
had never smoked were less likely (2.0%;
95% CI: 1.7-2.4) to report having FM when
compared to women with any level of smok-
ing history (data not shown). While these
data were inconclusive for women with
moderate smoking histories, those who were
daily (3.3%; 95% CI: 2.8–3.8) or formerly
daily smokers (3.5%; 95% CI: 2.9–4.1) were

clearly more likely to report suffering from
FM.

The relationship between frequency of alco-
hol consumption and FM prevalence was
analyzed by grouping respondents according
to drinking frequency. In women, the results
indicate that prevalence is lower among
those having never consumed alcohol
(1.6%; 95% CI: 1.0–2.0) when compared
with any of the other groupings (data not
shown). In addition, the data also suggest
that the prevalence of FM among both
women and men who currently consume
alcohol is lower when there is more frequent
consumption (regular consumption: 2.4%;
95% CI: 2.09–2.80 versus occasional con-
sumption: 3.3%; 95% CI: 2.8–3.7).

Discussion

Employing self-reporting of major illness and
health events is the most practical method of
assessing disease status in large population
studies. Self-reporting of diagnosis has been
criticized by some because of misclassi-
fication concerns, resulting in potential un-
der or overestimation of disease prevalence
and societal burden. However, numerous
studies assessing the agreement between
self- and physician-reported diagnoses have
demonstrated a satisfactory accuracy with
respect to both sensitivity and specificity for
the majority of disease states, including the
rheumatic conditions rheumatoid arthritis
and osteoarthritis.19,20 Currently, the only
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Age
group

Canadian-born women Immigrant women Ratio of immigrant to
Canadian bornPercentage CI Percentage CI

< 25 0.18 0.10–0.35b a N/A

5–34 0.87 0.63–1.11 a N/A

35–44 2.03 1.67–2.40 0.93 0.45–1.91 b 0.46

45–54 3.60 3.02–4.18 2.20 1.39–2.01 b 0.61

55–64 4.81 4.04–5.58 2.57 1.61–3.54 b 0.53

> 65 1.71 1.34–2.07 1.86 1.23–2.50 b 1.09

a Insufficient observations to calculate the point prevalence; coefficient of variation is greater than 33.
b Coefficient of variation is between 16 and 33.

TABLE 2
Prevalence and 95% confidence intervals of self-reported, health professionally

diagnosed FM in immigrant and Canadian-born women by age.
The Canadian Community Health Survey, Cycle 1.1 (2000)
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data that call into question the validity of
self-reporting for FM were published in a
study that used a combination of telephone
interviewing and physical exam screening to
estimate prevalence.8 The study’s authors
state that because only 30 percent of those
they ultimately classified as having FM were
previously aware of their condition, the true
FM prevalence is three times higher than
what is commonly estimated using self-
reporting. Curiously, however, the study
fails to advocate for or even discuss the
importance of identifying this group of previ-
ously unrecognized FM sufferers. What
makes the absence of this discussion inter-
esting is that the authors proceed to address
and answer this very question within the
same article. For example, when the health
status of the previously diagnosed group is
compared to that of the undiagnosed group,
the undiagnosed are shown to have signifi-
cantly better self-perceived health and less
work disability than do the diagnosed. Fur-
thermore, the authors found no deterioration
in perceived health over time in either
group.8 Considering that numerous other
studies have demonstrated FM to be a
chronic, non-degenerative, non-progressive
disorder lacking adequate treatment (and
preventative measures), the corollary would
be a low likelihood of those previously
undiagnosed to consult a medical practitio-
ner about their condition and, ultimately,

receive an FM diagnosis. We would there-
fore be comfortable in stating that this evi-
dently healthier group of individuals might
be missing from our estimate of preva-
lence.21–23 Moreover, if the prevalence is in-
deed higher than that predicted by the pres-
ent work, as well as by other studies, further
research on FM and its effects becomes even
more important.

A number of the findings in this study con-
firm the results of work in other countries,
suggesting that the identified Canadian FM
population may be similar to those described
in other, often ACR-criteria-based, previous
studies. First, the estimated Canadian FM
prevalence rates of 0.3 percent for men and
1.8 percent for women are consistent with
the results from epidemiological studies con-
ducted in the last several years.12–15 These
findings suggest that prevalence appears to
be similar across developed countries.
Second, the present work shows an increas-
ing prevalence of FM in women up to until
late middle age, followed by a marked
decrease in the elderly population.13,15,24

The CCHS age-at-diagnosis data allowed for
some previously unrecognized and interest-
ing observations to be made regarding the
natural history of the disease. Presently,
most of the FM literature describes FM as a
disorder predominantly affecting late-

middle-aged women. This conclusion is not
surprising given the almost five-fold differ-
ence in prevalence between the 30-to-34 and
the 55-to-59 age groups. However, CCHS
age-at-diagnosis data shows that this does
not mean that women under 35 are not
afflicted with the disease, as demonstrated
by the fact that almost 30 percent of cases
diagnosed in the five years preceding data
collection occurred in those under the age of
35. Unexpectedly, the same analysis showed
an almost negligible number of new FM
cases (< 6%) in those over the age of 60.
These findings show that FM is not just a
problem for those in their late middle and
senior years, but can afflict women of all
ages. From these data, it could be suggested
that it is the chronic, unremitting nature of
the disorder that leads to the high prevalence
in late middle age. More age-at-diagnosis
data should become available following the
completion of further CCHS cycles.

The present study describes significantly
lower self-reporting among the Quebec
sub-population. Previous studies of other
medical conditions have demonstrated that
prevalence can vary by Canadian region for
other conditions. For example, research on
both sinusitis and chronic pain revealed that
Quebec has the lowest Canadian rate for
each.25,26 The authors of these two studies
conclude that the observed differences are
best explained by environmental, rather
than cultural or genetic phenomena, due to
the finding that rates of chronic pain among
non-francophones in Quebec were the same
as those among Quebec francophones, while
rates for francophones outside Quebec
tended to be the same as those for non-
francophones in the same province of resi-
dence.26 Given the parallel between FM and
chronic widespread pain, and the compar-
able findings that were noted for FM in this
study, we could draw similar conclusions.
However, it is less than clear what the previ-
ous studies’ authors imply by “environ-
ment”. Environmental phenomena, in this
research context, could correspond to either
geography or local culture. For example, it is
possible that francophones residing in other
areas of Canada, as well as anglophones
residing in Quebec, have been to some
degree assimilated into the local culture. For
this reason, although the results suggest
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Men Women

Percentage CI Percentage CI

Income

Lowest quartile income 1.15 0.51–1.80 a 3.43 2.75–4.11

Second quartile income 0.61 0.32–0.90 a 2.48 2.11–2.85

Third quartile income 0.46 0.27–0.65 a 2.67 2.27–3.07

Highest quartile income 0.29 0.15–0.43 a 2.21 1.79–2.63

Education

Less than secondary 0.34 0.21–0.48 1.53 1.30–1.77

Secondary graduate 0.27 0.12–0.41 1.93 1.59–2.27

Some post secondary 0.34 0.19–0.49 1.59 1.21–1.97

Post-secondary graduate 0.34 0.23–0.46 2.04 1.81–2.26

a Coefficient of variation (CV) between 16 and 33

TABLE 3
Prevalence and 95% confidence intervals of self-reported, health professionally

diagnosed FM in men and women according to income and education.
The Canadian Community Health Survey, Cycle 1.1 (2000)



geography as an important factor, the role of
cultural influences cannot be excluded.

Sub-group analyses showed that immigrant
women are less likely to report having FM.
Again, multiple potential explanations exist,
including decreased genetic susceptibility,
different geographical or cultural exposures,
and even the landing of relatively healthier
women screened by the immigrant health
examination. Interestingly, analysis of immi-
grants and Canadian-born women by age
demonstrated a potential convergence of FM
prevalence later in life, possibly following
years of exposure to the same and as yet
unidentified conditions as Canadian-born
women. These conditions might be geo-
graphical in nature, though one cannot dis-
regard the gradual assimilation into local
cultures, as mentioned above, as an alter-
native explanation for the convergence.

Further complicating the question of the
roles of environment and geography in the
etiology of FM are our results showing no
difference in prevalence between urban and
rural respondents. One previous study, car-
ried out in Pakistan, demonstrated higher
prevalence in rural areas for numerous rheu-
matic diseases, including FM.27 Here, the
observation was attributed to a socioeco-
nomic effect, since more affluent urban areas
demonstrated prevalence rates lower than
those from underprivileged rural regions. In
Canada, it is possible that the lack of a differ-
ence between urban and rural area preva-
lence is due to comparable standards of
living between these two settings. Nonethe-
less, this finding of similar prevalence rates

in Canada is somewhat problematic as it
calls into question the often suggested role of
exposure to environmental pollutants, usu-
ally associated with urban living, in the etiol-
ogy of FM.

Regarding our analyses of the socio-
economic factors of education and income,
the findings not surprisingly indicate that the
prevalence of FM declines with increasing
income, consistent with what has been
observed in other studies.27–29 It is interesting
to note that the prevalence of FM does not
appear to be inversely related to education,
despite the fact that education is usually
strongly correlated with increased income.
An attractive, but yet unproven explanation
could be that lower income is not a predis-
posing condition for FM, but rather a result
of developing the disorder. An additional,
less straightforward explanation for these
associations would be that high education
and low income represent markers for other
co-existing or correlating population charac-
teristics, including emotional processes,
which could be more common among indi-
viduals with FM.

The results of the BMI, alcohol and smoking
investigation raise both some interesting
issues and present some unclear findings
(Table 4). To our knowledge, this study
demonstrates the first clear association
between BMI and FM. A number of potential
explanations for this association exist. First,
increasing weight could predispose an indi-
vidual to developing FM. For example, obe-
sity may lead to a relative hormonal
imbalance, similar to what occurs with

central obesity and glucose intolerance, pre-
disposing to disease.30 Alternatively, re-
duced physical activity, not uncommon
among FM sufferers, may result in weight
gain. Alcohol and smoking have been linked
to the development of numerous disease en-
tities.31,32 Despite the lack of a clear dose-
response relationship, the results of this
study suggest that those who abstain from
smoking and drinking are less likely to
report having FM. Moreover, the observed
paradoxical decrease in FM prevalence
among the regular alcohol consumption
group compared to those with more occa-
sional consumption might be explained by
an aversion or low tolerance to alcohol. With
the exception of studies reporting more
musculoskeletal and chronic pain among
smokers, and more pain and functional dis-
ability in FM patients who smoke, our study
provides some of the first evidence suggest-
ing an association between tobacco use and
FM.33–35 Finally, considering the potentially
higher stress and anxiety levels in individu-
als with FM, there is a possibility that the
observed relationships between FM and
drinking, smoking and overeating represent
coping mechanisms.

Conclusion

Large scale population studies on self-
reported diseases can be used to answer
public health questions. In this study, we use
data from a large national health survey to
carry out a large-scale, Canadian-based,
descriptive epidemiological study on FM.
The CCHS’s large sample size and broad col-
lection of descriptive variables allowed for
the analysis of a variety of sub-groups,
which was not possible in previous and
smaller North-American-based studies. The
heterogeneity of the respondents should
reduce biases intrinsic to studies carried out
on smaller homogenous populations, which
use diagnoses made by a discrete and often
limited number of researchers. Despite these
advantages, it must be recognized that prev-
alence values and associations based on
self-reported cross-sectional data show cor-
relations without evidence of cause and
effect. For this reason, some of the findings
presented here require verification and fur-
ther investigation. For example, our results
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Men Women

BMI Grouping Percentage CI Percentage CI

Underweight BMI < 24 0.39 0.23–0.56 b 2.16 1.81–2.51

Average 24 < BMI < 27 0.58 0.33–0.83 b 2.78 2.29–3.28

Overweight 27 < BMI < 30 0.47 0.17–0.76 b 3.65 2.84–4.46

Obese BMI > 30 0.55 0.35–0.76 b 4.10 3.42–4.75
a Body Mass Index of an individual is calculated as the weight (kg) divided by the square of the

height (meters).
b Coefficient of variation (CV) between 16 and 33.

TABLE 4
Prevalence and 95% confidence intervals of self-reported, health professionally

diagnosed FM in men and women according to Body Mass Index (BMI)a.
The Canadian Community Health Survey, Cycle 1.1 (2000)



note an association between various deter-
minants of health, including smoking, body
mass index and FM. It is not known whether
these variables are risk factors, a result of the
condition, or are merely correlated with
other factors such as socioeconomic status.
In addition, further exploration of the differ-
ence between FM prevalence in Quebec and
that in the rest of Canada, and whether this
simply represents differences in diagnosis or
reporting would be important. If the associa-
tions identified in this study are determined
to represent true risk factors, it would open
the way for the development of preventative
health measures.
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A population-based analysis of health behaviours,
chronic diseases and associated costs

Arto Ohinmaa, Donald Schopflocher, Philip Jacobs, Sandor Demeter, Anderson Chuck, Kamran Golmohammadi
and Scott W Klarenbach

Abstract

Health behaviours influence the future incidence of certain common chronic diseases and thus
have an impact on health status and utilization of health care services and costs. We analyzed
person-level data of the Albertan adult population from the Canadian Community Health
Survey, Cycle 1.1 (2000) to determine health care costs associated with specific health
behaviours (smoking, sub-optimal diet, physical inactivity) and chronic disease states (heart
disease, diabetes, COPD). We found that 74.7 percent of the population exhibited one or more
risk behaviours, while 10.5 percent had one or more of the chronic diseases of interest. Greater
health care utilization and costs were noted in groups exhibiting risk behaviour and chronic
disease states. Approximately 31 percent of health care costs in Alberta were attributable to
people having one or more of the three chronic diseases. Our findings of higher health care
costs incurred by those exhibiting unhealthy behaviour prior to development of disease, as
well as by those with multiple co-existent diseases, are important indicators to guide future
prevention and treatment strategies of chronic illness.

Key words: Canada, chronic illnesses, health behaviour, health economics, health survey,
population surveillance, risk behaviour, WHO

Introduction

A recent World Health Organization1 (WHO)
document has called for a unified and global
strategy towards the prevention of specific
chronic diseases, namely chronic obstructive
pulmonary disease (COPD), diabetes
mellitus, heart disease, and lung and
colorectal cancer. The development of these
diseases has been linked to a common set of
risk behaviours (tobacco use, sub-optimal
nutrition and diet, and inadequate physical
inactivity), and they are therefore prevent-
able to some degree. Their prevalence is rap-
idly increasing, and they have been
recognized as incurring a significant eco-
nomic cost for society.2,3 While some investi-
gators have conducted detailed costing

studies of specific chronic conditions4–6 and
risk factors,7,8 the WHO vision indicates that
we need a more comprehensive view of
“disease” costs. Such a vision would incor-
porate a wide spectrum of the population,
including not only those with the disorders
of interest, but also those at risk of future de-
velopment of the disease. Further, it is in-
creasingly recognized that diagnoses which
occur in combinations will have cumulative
impacts on costs,9–11 and thus it may not be
appropriate to focus only on one disease
entity.

Currently, only blunt conceptual tools are
available to deal with global or population-
level resource issues. In Canada, as in many
other countries, a “top down” methodology

(or collective approach) to study health care
costs has been developed by Health Can-
ada,2 which is based on service provider in-
formation, not on information obtained from
individuals comprising the population of in-
terest. The Health Canada approach omits
several important but as yet undeveloped ar-
eas where global burden analysis needs to be
extended, including the measurement of
out-of-pocket costs and the analysis of risk
factors and disease co-morbidities. The rela-
tionship between health care costs and per-
sonal risk factors, in particular, cannot be
addressed at the population level using pre-
viously employed top-down methodologies.
Population health surveys are instruments
that can potentially be harnessed to explore
these important issues, though they have not
yet been exploited to conduct population-
level economic analyses.

The purpose of this paper is to estimate the
cost of health services for adults in Alberta
from a population-based perspective using
individual-level data, with specific inquiry
into the burden attributable across a broad
spectrum of the population and using the
WHO framework. This spectrum ranges
from those with no high-risk behaviours to
those with one or more risk behaviours, and
then includes those with the chronic disease
of interest, including single and multiple
chronic illnesses.

Method

Our analysis entails the identification of indi-
viduals with risk behaviours and disease
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states, quantifying per-person units of health
care resource utilization, and applying age-
and-gender-specific costs to each unit of re-
sources to enable determination of per-
son-level costs. The population of interest is
the non-First Nation (including off-reserve
FN), non-institutionalized population of
Alberta aged 20 and over in budget year
2000/1. Person-level data from the 2000–
2001 Canadian Community Health Survey
(CCHS), Cycle 1.1, a household survey of
non-institutionalized persons in the general
population conducted by Statistics Canada,
was used for the analysis.12 Respondents to
this survey answered a variety of questions
dealing with personal and family character-
istics, health status (including mental health
and presence of chronic conditions), and
health care service utilization. This survey
utilizes a multistage stratified cluster design
and provides cross-sectional data represen-
tative of 98 percent of the Canadian popula-
tion over the age of 12. It attained an 80
percent overall response rate.13

The population was sub-divided into groups
based on the presence (or absence) of COPD,

heart disease and diabetes, either in isolation
or combination. Presence of disease states
were obtained from individual responses to
questions which asked whether the persons
had been diagnosed with COPD, heart dis-
ease or diabetes by a health professional.
The presence or absence of other diseases,
such as arthritis or cancer, may have
occurred but were not incorporated into the
analysis.

Persons without any of the three reported
chronic diseases were classified by risk
behaviour categories: no risk behaviour, or
one or any combination of smoking, inade-
quate nutrition and physical inactivity.
Smokers were defined as those who indi-
cated that they smoked daily or occasionally
in response to the question “At the present
time, do you smoke cigarettes daily, occa-
sionally or not at all?” “Adequate nutrition”
was defined as consumption of five or more
servings of fruit and vegetables daily (the
current Health Canada standard), which was
derived from a series of questions within the
survey. “Physical activity” was defined by
the Physical Activity Index,14,15 which is

derived from several questions in the survey
pertaining to physical activity. Those classi-
fied as “inactive” were defined as having
sub-optimal physical activity (as opposed to
those classified as “moderate” or “active”).

The frequencies of respondents for the risk
factors and chronic disease were adjusted
with population-based weights to obtain
population estimates. The distribution of
health states among valid cases was used to
redistribute a health state to those with miss-
ing information. Responses to service utili-
zation questions provided subject-level data
on the number of days in hospital, and the
number of visits to family doctors and spe-
cialists over a one-year period. Per-person
units of health care resource utilization was
based on responses of valid cases in the
CCHS. The utilization rates of multiple
chronic diseases were estimated from the
Canadian sample, due to the small number
of people in these groups in Alberta.

Unit costs were developed for the aforemen-
tioned services using Alberta cost data. The
average cost of a typical hospital day was
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Risk and diseasea groups

Age groups

20 – 45 45–64 65+ All ages

Populationb Percent Populationb Percent Populationb Percent Populationb Percent

No risk behaviors 183,001 15.30 93,542 14.33 40,898 14.34 315,036 14.77

One risk behavior 371,491 31.07 193,550 29.66 82,060 28.78 642,976 30.14

>1 risk behavior 609,657 50.99 296,029 45.36 73,595 25.81 951,454 44.60

Heart disease only 12,113 1.01 24,847 3.81 40,416 14.17 91,666 4.30

COPD only 1,433 0.12 4,970 0.76 8,255 2.90 17,764 0.83

Diabetes only 17,249 1.44 32,201 4.93 27,742 9.73 89,268 4.18

Heart and diabetes 128 0.01 5,446 0.83 8,068 2.83 17,103 0.80

Heart and COPD 651 0.05 1,208 0.19 2,355 0.83 4,991 0.23

COPD and diabetes 0 0.00 237 0.04 1,172 0.41 1,765 0.08

All 3 conditions 0 0.00 539 0.08 565 0.20 1,391 0.07

Total 1,195,722 100.00 652,567 100.00 285,124 100.00 2,133,413 100.00

a Chronic health conditions other than those specified may also coexist, and include asthma, fibromyalgia, arthritis, back problems, high blood pressure,
migraine headaches, epilepsy, cancer, stomach or intestinal ulcers, urinary incontinence, inflammatory bowel disease, dementia, glaucoma, cataracts,
thyroid disease, neurologic disease including stroke, chronic fatigue syndrome, food allergies and multiple chemical sensitivities.

b The final population was derived by using the distribution of health states among valid cases to redistribute the number of missing cases to a corresponding
health state.

TABLE 1
Distribution and prevalence of risk behaviours and chronic disease by age group in Alberta (CCHS 2000–01)



obtained from Alberta Health and Wellness
(AHW), measured as the total inpatient
facility) cost divided by total inpatient days,
as estimated from the provincial Manage-
ment Information System (MIS) data base
for the budget year 2000–01.16–18 A
weighted-average, province-wide, cost-
perdiem statistic ($780) was obtained from
all hospitals.

Since physicians bill the provincial payment
plan for services and procedures, the data
from AHW was used to calculate physician-
associated costs. We calculated an average
physician-billing per day of hospitalization
according to patient age (20–44, 45–64,
65+). This per diem fee was added to the
daily hospital facility cost for each recorded
day of care. We estimated total general prac-
titioner (GP) office billings per visit for the
province by age group. The cost of diagnos-
tic services attached to GP visits was added
to this statistic, so that the total GP cost in-
cluded examination and diagnostic costs.18

The cost of a specialist visit was also calcu-
lated by patient age. Specialist visits were
divided into two groups: those which were
made in specialists’ offices and those which
were made in hospital outpatient clinics. For
the office visits, we calculated an average
cost and added the costs per visit for diag-
nostic services. For outpatient hospital
visits, we added a hospital outpatient facility
fee based on the province-wide Alberta
Ambulatory Care Classification System cost
per visit (adjusted for age) to the physician
fee to obtain a total cost per outpatient
visit.18

We added to the CCHS estimates the costs of
those who died during 2000, as these per-
sons would not appear in the CCHS, yet
would have received services. We estimated
the age-specific health care cost of deaths for
all persons who died in 2000, including per-
sons with one of the three chronic conditions
as the major diagnosis for death according to
Alberta mortality statistics,19 which we
valued using the last six months of life cost
(average lifetime during the budget year) in
Manitoba.20

As the CCHS is based on self-reported utili-
zation data, it may be subject to errors of
recall. In order to determine the degree of

error in our estimates and establish face
validity, we compared the population-level
costs for physician and hospital inpatient
and outpatient care in Alberta, as docu-
mented by AHW budget data, to the esti-
mated results using our methodology, and
with respect to the population over 20 years
of age.

Our analysis had three components. In the
first component, we estimated the number
of persons in each health status group,
which include disease states and risk behav-
iour. In the second component, we esti-
mated the hospital and physician utilization
and cost per person by age category and
health status. Finally, with the third compo-
nent, we calculated global health care sys-
tem-wide costs by health status, inclusive of
mortality cases.

Results

The total non-First Nations population in
Alberta aged 20 and over according to the
CCHS analysis was 2.13 million. The break-
down of persons by group is shown in Table
1. Approximately 15 percent of the popula-
tion in each age group exhibited none of the
specific risk behaviours, while 75 percent of
the population had one or more of them
present. Among those without chronic dis-
ease, the proportion of subjects exhibiting
risk behaviours decreased with age from
82.1 percent (20–45 years) to 54.6 percent

(65+). Those with one or more of the three
chronic conditions comprised 10.5 percent
of the estimated Albertan population, with
disease prevalence rising with increased age.

The unit costs for physician visits and hospi-
tal days for the three age groups in Alberta
are shown in Table 2. With the exception of
family physician visits, fewer resources are
used per visit or hospitalization day with
increasing patient age, reflecting that fewer
investigations and procedures are performed
as age increases for any single day. (Note
that hospital stays typically are longer
among older persons).

The health care utilization statistics are
shown in Table 3. There is a trend for higher
health care utilization rates when moving
across the risk behaviour spectrum in every
age group. Furthermore, the number of
family physician visits is approximately dou-
ble for those subjects identified with a
chronic condition of interest compared to
those not exhibiting risk behaviours. The
number of physician visits is substantially
higher when more than one chronic disease
is present, especially in the youngest age
group. Hospitalizations increase very rapidly
when moving from the no-risk behaviour
population to the multiple chronic diseases
category. The number of specialist visits
increases gradually by age; however, the
variation in the visits by health status is not
large within each age group. The increasing
trend of health care utilization by increased
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risk behaviour and number of chronic dis-
eases was statistically significant (95 percent
CI), with a few exceptions—mainly in the
specialist visit category (Table 3).

The average annual cost per person by
health status is shown in Figure 1. Similar to
utilization data, total annual costs increase
through the risk behaviour spectrum: from
no-risk behaviour to some risk behaviours,
and from one chronic disease to more than
one coexisting chronic illness. In those with
a single disease of interest, subjects with dia-
betes alone incurred the lowest costs. Costs
increased with increasing age for heart dis-
ease and COPD, but not diabetes mellitus
alone. Examples of the increment in costs for
groups with disease compared to the no-risk
groups include a six-fold increase for 45 to
64 years olds and a 7.5 fold increase for
those 65 years and over with heart disease.
For diabetes, this increase from no risk is
approximately four times for the two youn-
gest age groups and three times for the
oldest.

The total annual cost in Alberta of the identi-
fied services on a population basis was $1.49
billion (excluding the cost of deaths during
the year) and was distributed by health
status and age as per Figure 2. Approxi-
mately 7.8 percent of health care costs in this
population were incurred by those without
the aforementioned risk behaviours or dis-
ease states (14.8 percent of population), with

relatively more costs incurred by younger
age groups. The population that exhibited
one or more risk behaviours were responsi-
ble for 61.1 percent of the health care costs,
although they comprise 74.7 percent of the
population. Persons with the three chronic
diseases alone or in any combination
accounted for 31.1 percent of total health
care costs, although they comprise 10.5 per-
cent of the adult population.

Health care costs associated with the pres-
ence of chronic disease is presented in Figure
3. While costs associated with heart disease
alone represents about 14.2 percent of all
health care costs, the prevalence is 4.3 per-
cent. Similarly, diabetes alone (4.2 percent
of the population) or in combination with
heart disease (0.8 percent of the population)

is responsible for a substantial burden of dis-
ease, while COPD has a smaller impact on
total health care costs, especially in younger
age groups.

Mortality-related costs in Alberta were $187
million. Of these costs about 42 percent were
attributable to heart disease, two percent to
diabetes and five percent to COPD. The
projected cost of death in 2000–01 would
increase the individual-based health care
cost estimate by 12.6 percent to $1.68
billion.

In validating this costing method, we used as
the gold standard the total budgeted cost
estimates for hospital and physician services
in Alberta. The AHW health care budget
data for the adult population showed $2.06
billion, resulting in a difference of 18 per-
cent between the two estimates.

Discussion

Combining the person-level CCHS risk
behaviour and utilization data with unit cost
data from Alberta for health care services,
we estimated the Alberta adult population
health care costs, including costs for those
exhibiting specific risk behaviour character-
istics and those with chronic diseases of
interest. As the CCHS contains a high degree
of detail with respect to risk behaviours and
personal characteristics, our analysis sheds
light on system-wide economic issues
related to health risk behaviour and chronic
disease. Our results indicate that per-person
incremental costs rise within the spectrum of
risk behaviours prior to the development of
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Age
Family physician

visita

Specialist
visitb

Hospitalization
dayc

20 – 44 $32.11 $122.29 $918.78

45 – 64 $36.98 $114.20 $884.42

65 + $33.63 $92.40 $826.80

a Source: Alberta Health Care Insurance Plan Payment database (AHW) for physician visits, and
provincial fee schedule for laboratory services and diagnostic radiology.

b Source: Alberta Health Care Insurance Plan Payment database (AHW) for physician visits, Alberta
Ambulatory Care Classification System outpatient facility fee (AHW) where applicable, and provincial
fee schedule for laboratory services and diagnostic radiology.

c Source: Inpatient Database (AHW) and Management Information System data from Alberta.

TABLE 2
Average unit costs for family physician visit, specialist visit and hospitalization

day by age category in Alberta, 2000–01
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the specified chronic diseases, a finding
which to our knowledge has not previously
been reported on a population basis. Fur-
thermore, costs increase markedly when
chronic disease occurs, especially so for
those with multiple co-existing diseases.

The WHO has predicted a shift in the preva-
lence of chronic diseases because of the
widespread prevalence of risk behaviours.1

Our results suggest that an increase in the
disease burden will have substantial
economic consequences, because of both
the sheer number of persons currently exhib-
iting unhealthy behaviours who are at risk of
developing the diseases, and the significant
cost implications of developing a chronic
disease. While the number of persons who
have chronic diseases is relatively small at
present, such persons are very costly, espe-
cially so in younger age groups. The number
of persons without chronic disease who
exhibit high risk behaviours is very large—
especially in the younger age groups though
they are not yet costly (although clearly
more costly than their no-risk counterparts).
As such, the potential for large increases in
economic burden due to chronic disease is
substantial, although the proportion of sub-
jects who will go on to develop chronic dis-
ease and at what age the disease will
manifest are not known.

While the incremental per-person costs for
those exhibiting unhealthy behaviours
(without the chronic diseases in question)
are relatively small, the large number of per-
sons accounts for a large fraction of health
care costs. While this health care use may be
advantageous if it is addressing risk factor
modification, the relatively low health care
expenditure on prevention in Alberta sug-
gests that this may not be the case.21 The
confluence of multiple risk factors may lead
to opportunities to provide prevention strate-
gies efficiently. The nature of the health care
services used needs to be clarified in future
studies, and opportunities for multiple
simultaneous risk factor modification (simi-
lar to those provided in disease management
clinics), as well as improved efficiency of
health care resource use, should be promul-
gated.

Several limitations merit specific mention.
The scope of risk behaviours considered was
limited to smoking, nutrition and physical
activities, and while the WHO has identified
these as major modifiable risks, other
genetic, environmental, and person-level
risks were not included in this analysis. In
addition, the self-reported nature of risk
behaviours and disease states may lead to
systematic error, although evidence suggests
this error is likely to be small.15,22

Our utilization analysis is based on self-
reported data, and investigators have ques-
tioned whether , as such, is subject to a recall
bias.23,24 We conducted a validity check to
determine the degree of correspondence
between costs as estimated by our method,
and as those reported through provincial
expenditure data, and found a difference of
18 percent. There may be several reasons
for tthis differences. For example, First
Nations persons who live on reserves were
not captured. This population has an in-
creased prevalence of chronic diseases in-
cluding diabetes and respiratory disease, and
incurs higher health care utilization than a
matched population.25 Approximately 3.8
percent of the Alberta population in 2000
was of First Nations status,25 and it is esti-
mated that 60 percent live on reserves.26

Additionally, institutionalized adults are also
excluded from the CCHS. Approximately
five percent of Canadians reside in nursing

homes. The vast majority of these are over
the age of 65 years and on average consume
more health care resources.27 Also, persons
of very low socioeconomic status who may
utilize several times more health care
resources than the general population may
not be captured in population health
surveys. When accounting for this incom-
plete capture of approximately seven percent
of the population who are very likely to
exhibit greater-than-average health care uti-
lization, the range of error is not wide. This
adds confidence and face validity to our
estimates based on individual-level data,
and establishes this methodology as a credi-
ble approach to population-based costing.

The estimation of the total population was
done by multiplying the age- and risk/
disease-category-specific rate in the CCHS by
the Statistics Canada population estimate.
The validity of this estimate depends on the
accuracy of the sampling and the prevalence
of the condition or behaviour. The sampling
methodology of the CCHS has been demon-
strated to be very accurate in representing
the Canadian population characteristics,28

and as such even a relatively small preva-
lence of some diseases in the lowest age
group (20–44) is likely to lead to accurate
population estimates at a global level. How-
ever, the small numbers of subjects with
disease in younger age groups may increase
the uncertainty of the cost estimates to a
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certain amount, mainly in the group with
multiple chronic conditions. To minimize
this risk of small numbers, we used
Canada-wide health care utilization esti-
mates in all multiple chronic disease groups.
Lastly, disease classification errors in cause-
of-death reporting may also lead to some
inaccuracies.

One of the benefits of our approach has been
the ability to generate relatively complete
costs for each of the components of utiliza-
tion that we studied. Doctors’ office visits
contained both direct fees and diagnostic
costs. Doctors’ hospital outpatient (including
emergency room) visits considered doctors’
fees and facility costs. Hospital inpatient
stays calculated the doctor and facility com-
ponents, including overheads relating to
administrative, diagnostic and support ser-
vices. The comprehensiveness of our unit-
cost measure is a partial explanation for the
correspondence between, on one hand,
costs as we calculated them, and provin-
cially budgeted expenditures on the other.

Several components of care are not attain-
able with our method. The most obvious
omission is outpatient drug costs, which
cannot be estimated from CCHS. We were
able to estimate from Alberta administrative
data only the prescription drug costs of dia-
betes, heart disease and COPD for popula-
tion over 65 years of age ($134 million).
Most of these costs were related to heart dis-
ease drugs (85.5 percent), and a much
smaller proportion to diabetes (9.1 percent)
and COPD (5.4 percent). We also omitted
home care because it is vaguely reported and
its current economic impact is of small mag-
nitude. Our analysis also does not include
the indirect costs associated with lost pro-
ductivity caused by disability and mortality.
Indirect costs are usually included in burden
of disease calculations, although method-
ologically they are a controversial topic due
to difficulties in accurately defining and
measuring the “‘opportunity cost” of future
lost work.29,30 In addition, CCHS determines
the long-term disability for only the
12-month period prior to the interview, thus
making the estimation of future or past dis-
ability/lost-productivity costs difficult.

We have demonstrated and described in
detail the gradient of increasing health care
costs across the risk behaviour and chronic
disease spectrum using a framework advo-
cated by the World Health Organization. Our
analyses indicate that person-level data from
large, population-based health surveys can
be used to accurately estimate bottom-up
global health care costs, thus offering new
possibilities to examine the impact on
resources and costs of demographics, risk
behaviours, and major chronic diseases in
isolation or in combination. This informa-
tion can also be used to determine the size
and characteristics of the target populations
of preventive interventions. Our findings
using this approach demonstrate increased
resource utilization by those who exhibit
risk factors but who have not yet developed
the diseases of interest, as well as by those
with multiple co-existing chronic diseases of
interest. This may have important implica-
tions for identification of persons exhibiting
risk behaviours, since modification of their
behaviours may provide an opportunity to
attenuate resource utilization before chronic
disease sets in.
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Multiple exposures to smoking, alcohol, physical
inactivity and overweight: Prevalences according to
the Canadian Community Health Survey Cycle 1.1

Julia E Klein-Geltink, Bernard CK Choi and Richard N Fry

Abstract

The objective of this study was to calculate the prevalence of multiple exposures to four
modifiable risk factors (smoking, alcohol, physical inactivity and overweight) and to establish
whether there are more Canadians with multiple risk factor exposures than those with
singular ones. Weighted estimates of the prevalence of mutually exclusive risk factor clusters
were calculated according to the Canadian Community Health Survey, Cycle 1.1 (2000).
Confidence limits were estimated by bootstrap techniques. Findings indicate that 21.0 percent
of Canadians have no risk factor exposures, 53.5 percent are physically inactive, 21.5 percent
currently smoke, 44.8 percent are overweight, and 6.0 percent are high-risk drinkers.
Compared to females, males are less physically inactive but more likely to smoke, have high
alcohol intake and be overweight, across all age groups. At least one risk factor was present in
79.0 percent of Canadians and 39.0 percent have at least two coexistent exposures. The
distribution of risk factor prevalences differed significantly by age, most peaking among those
between age 35 and 64, with the exception of physical inactivity. Those who smoke and are
physically inactive account for the highest proportion of the population with two or more
coexistent risk factors. Canadians who are free of the four risk factors for chronic disease
examined in this paper constitute the minority. Future studies are recommended to examine
other risk factors, as well as interactions of multiple exposures in association with chronic
disease.

Key words: chronic diseases, epidemiology, multiple exposures, prevalence

Introduction

Chronic illness represents a major disease
burden to society and is to a large extent pre-
ventable.1–3 The major chronic diseases
causing death in Canada are cardiovascular
disease (CVD), cancer, chronic respiratory
disease (CRD) and diabetes.4 Several of
these diseases share common preventable
risk factors, including smoking, high alcohol
intake, physical inactivity and over-
weight.1,4–8 It is incumbent upon public
health professionals to determine if—and

potentially to what extent—unhealthy be-
haviours can be modified to reduce the risk
of disease.2,3

Much of the research relating risk factors to
chronic diseases has focussed on singular
independent risk factors. Yet these factors
are known not to occur in isolation. Smok-
ing, high alcohol intake, physical inactivity
and overweight coexist within individuals.
Dawson notes the literature has established
that, within individuals, drinking is
associated with long-term smoking beha-

viour.9 Within-person associations between
physical inactivity and overweight,10–12 and
alcohol intake and overweight are re-
ported.13 Similar relationships between
smoking and physical inactivity,14,15 smok-
ing and overweight,16–18 and alcohol intake
and physical inactivity have also been
found.19

These risk factors are also known to coexist,
or cluster, with respect to disease, allowing
researchers to identify those who are at an
especially high risk for a disease based on
risk factor profiles. Research has focussed
primarily on Syndrome X, a cluster of meta-
bolic risk factors including insulin resis-
tance, abnormal blood fats, overweight and
high blood pressure, which increase risk for
CVD and diabetes.20,21 Past studies have
looked at the clustering of the major behav-
ioural risk factors for CVD in relation to
Syndrome X. Particularly, Twisk et al. found
clustering with respect to CVD among
Syndrome X, physical inactivity and, in
males, heavy alcohol consumption.22 Genest
et al. reviewed the research on clustering of
behavioural and metabolic risk factors for
CVD in an effort to identify those with high-
risk profiles.23 A similar study quantified the
extent of clustering in the American Indian
and Alaskan Native population.24 It was also
found that as the number of risk factors in-
creases in young people, so too does severity
of asymptomatic coronary and aortic athero-
sclerosis.25 Similar clustering relationships
with respect to other chronic diseases have
been noted.7,26,27 One recent study quantified
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the prevalence and clustering of cigarette
smoking, risky drinking of alcoholic bever-
ages, physical inactivity and overweight in
the U.S. population based on 2001 data.28

Despite these reports of risk factor coexis-
tence,28,29 the prevalence of such coexistence
and resultant impacts on risk for the major
chronic diseases has not been described sys-
tematically in the Canadian population. The
primary objective of this study was to esti-
mate the prevalences30 within the Canadian
population of various clusters of risk factors
of interest (smoking, high alcohol intake,
physical inactivity and overweight). Our
research question was to quantify what pro-
portion of the Canadian population have
multiple coexistent rather than singular
independent risk factor exposures.

Materials and methods

Prevalences for various risk factor clusters
were estimated from the Canadian Commu-
nity Health Survey (CCHS) Cycle 1.1 (2000)
data file, using a methodology based on
binary risk factor variables, stratified by age
and sex.

Data source

The CCHS is a cross-sectional survey of
health determinants, health status and
health care system utilization in Canada.31, 32

Data collection began in September 2000
and follows a two-year cycle in which
health-region-level data is collected in the
first year (Cycle 1.1), and provincial-level
data is collected in the second (Cycle 1.2).
Data from the first year, with a sample size
of approximately 130,000, were used in this
study. The sampling frame covered approxi-
mately 98 percent of the Canadian popula-
tion over age 12. The sample included one
randomly selected respondent per selected
household in all provinces and territories.
First Nations reserves, Canadian Forces
Bases and some remote areas were
excluded.

Risk factor definitions

“Smoking” was defined as a current daily
smoker; “non-smoking” denoted never hav-
ing smoked or being a former or current

occasional smoker. Smoking status was
derived from four CCHS questions, which
assessed quantity of cigarettes smoked dur-
ing a lifetime, the smoking status of the
respondent at the present time (daily, occa-
sional or not at all) and if the respondent had
ever smoked cigarettes daily.33

“High alcohol intake” was defined as having
more than 14 drinks per week (males) or
nine drinks per week (females); “low
alcohol intake” meant 14 or fewer drinks per
week (males) or nine or fewer drinks per
week (females). These cutoffs were based on
the recommendations by Statistics Canada
(2002),34 Bondy et al.35 and the meta-
analysis findings of English et al. which indi-
cate that weekly consumption of more than
14 drinks per week for males and nine drinks
per week for females begin to link with an
increased risk of overall mortality.36 Alcohol
intake was assessed using a measure for
derived, continuous alcohol consumption
over the previous week.33

“Physical inactivity” was assessed using a
derived CCHS variable—energy expendi-
ture—and was calculated using the fre-
quency and duration of a respondent’s
physical activity sessions self-report as well

as its metabolic equivalent (MET) value. The
MET is a value of metabolic energy cost
expressed as a multiple of the resting meta-
bolic rate.33 Expressed as kilocalories per ki-
logram of body weight per day (kcal/kg/
day), an energy expenditure value of less
than 1.5 (moderate activity) was considered
physically inactive. This approach is consis-
tent with other literature reporting the preva-
lence of physical inactivity in Canada.37

Body mass index (BMI)30 was calculated
based on weight and height variables using
the equation BMI = weight (kg)/height
(m)2. Among adults 19 years of age and
older, a BMI equal to or greater than 25
(overweight) was considered high, while a
BMI less than 25 was considered low. For
those 18 years and under, we used over-
weight cutoff levels by age and sex, as sug-
gested by Cole et al.38

Risk factor cluster variables

When data were analysed with respect to the
four single risk factors, each risk factor was
coded binary (YES = 1, NO = 0), irrespec-
tive of the status of the other risk factors. In
order to measure prevalence of risk factor
clusters in the population, a total of 15 risk
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Risk factor
Number in

sample
Number in
population Prevalence*

Lower
95% CL†

Upper
95% CL

None 23,186 4,863,489 21.0 20.7 21.4

Smoking‡
29,011 5,539,648 21.5 21.2 21.9

High alcohol intake§
7,277 1,524,372 6.0 5.8 6.2

Physical inactivity¶
61,444 12,662,515 53.5 53.0 53.9

High BMI#
58,258 11,352,881 44.8 44.3 45.2

Total 125,574 25,801,718

* Prevalence of risk factor was calculated by weighted methods and expressed in terms of percentage
of total Canadian population. Total prevalence equals more than 100% because some respondents
may be counted in more than one risk factor category.

† CL = Confidence limit

‡ Smoking = current smoker; Non-smoking = never been smoker or former smoker.

§ High alcohol intake = consuming more than 14.0 drinks per week (male) or 9.0 drinks per week
(female); Low alcohol intake = consuming 14.0 or less drinks per week (male) or 9.0 or less drinks
per week (female)

¶ Physically inactive = having an energy expenditure level of less than 1.5 kcal/kg/day; Physically
active = having an energy expenditure level of 1.5 or more

# High BMI = overweight or having a BMI of greater than or equal to 25; Low BMI = BMI of less
than  25

TABLE 1
Weighted prevalence and confidence limits of selected chronic disease risk

factors in Canada, Canadian Community Health Survey, Cycle 1.1 (2000)



factor categories (four singular risk factors,
six risk factor pairs, four risk factor trios, one
category with all four risk factors) were
encoded based on the four risk factors under
study. The group of respondents with no risk
factors (i.e., smoking = NO; high alcohol
intake = NO; physical inactivity = NO; high
BMI = NO) was defined for analyses as the
baseline comparison group, named “None”.
Fifteen categorical variables for the risk
factor clusters were created. For example,
individuals were counted in the “Smoking”
category if they were smoking, but had none
of the other risk factors. Individuals were

counted in the “Smoking and High alcohol
intake” category if they currently smoked
and had high alcohol intake, but were physi-
cally active and had low BMI; otherwise,
they were not counted. Finally, individuals
were counted in the “Smoking, High alcohol
intake, Physically inactivity and High BMI”
category if they had exposure to all four risk
factors; otherwise, they were not counted.

Statistical analysis

Prevalence of risk factor clusters was esti-
mated by weighted methods appropriate for

the stratified complex design of CCHS and
expressed as a percentage of the total
Canadian population. Its 95 percent confi-
dence limits (CL) were estimated by boot-
strap techniques.39 Cases for whom data on
any of these variables were missing were not
included in the respective prevalence calcu-
lations. The Statistical Analysis System, ver-
sion 8.01 for Windows (SAS Institute, Inc.,
Cary, North Carolina), was used for all anal-
yses including bootstrapping. All differences
discussed are statistically significant.
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Age groups (years)

Risk factor 12–19 20–34 35–49 50–64 65+ Total

Males

None 49.2
(47.5, 50.9)

18.0
(16.9, 19.1)

12.0
(11.3, 12.7)

11.7
(10.9, 12.6)

18.5
(17.2, 19.9)

18.9
(18.4, 19.4)

Smoking‡
12.2

(11.3, 13.2)
29.6

(28.3, 30.8)
29.4

(28.4, 30.3)
22.2

(21.1, 23.3)
11.8

(10.8, 12.8)
23.6

(23.1, 24.1)

High alcohol intake§
3.8

(3.2, 4.5)
11.3

(10.5, 12.1)
7.8

(7.2, 8.4)
7.6

(6.9, 8.4)
4.9

(4.3, 5.6)
7.8

(7.5, 8.1)

Physical inactivity¶
24.7

(23.3, 26.0)
48.0

(46.6, 49.4)
56.0

(54.9, 57.2)
55.5

(54.1, 56.9)
53.1

(51.4, 54.8)
49.6

(48.9, 50.3)

High BMI#
25.6

(24.1, 27.1)
45.5

(44.3, 46.8)
59.2

(58.1, 60.3)
64.3

(62.9, 65.6)
54.5

(53.0, 56.1)
51.8

(51.2, 52.4)

Total Canadian population 1,662,580 3,193,934 3,826,542 2,427,992 1,594,367 12,705,415

Females

None 45.0
(43.3, 46.6)

25.2
(24.1, 26.4)

20.2
(19.3, 21.2)

17.0
(16.0, 18.0)

16.6
(15.5, 17.7)

23.1
(22.5, 23.6)

Smoking‡
13.7

(12.7, 14.7)
22.7

(21.7, 23.7)
24.5

(23.5, 25.4)
19.6

(18.6, 20.5)
9.5

(8.8, 10.2)
19.5

(19.0, 20.0)

High alcohol intake§
3.4

(2.8, 3.9)
5.2

(4.7, 5.6)
5.1

(4.7, 5.6)
3.7

(3.2, 4.2)
2.7

(2.2, 3.2)
4.3

(4.0, 4.5)

Physical inactivity¶
38.6

(37.0, 40.2)
54.7

(53.5, 55.9)
58.6

(57.5, 59.6)
59.1

(57.8, 60.3)
68.2

(66.9, 69.5)
57.0

(56.4, 57.5)

High BMI#
16.4

(15.4, 17.5)
27.7

(26.7, 28.8)
39.5

(38.4, 40.6)
53.3

(51.9, 54.7)
47.9

(46.6, 49.1)
37.8

(37.3, 38.4)

Total Canadian population 1,580,702 3,107,188 3,897,071 2,457,918 2,053,423 13,096,302

* Prevalence of risk factor was calculated by weighted methods and expressed in terms of percentage of total Canadian population.

† Confidence limit

‡ Smoking = current smoker; Non-smoking = never been smoker or former smoker.

§ High alcohol intake = consuming more than 14.0 drinks per week (male) or 9.0 drinks per week (female); Low alcohol intake = consuming 14.0 or
less drinks per week (male) or 9.0 or less drinks per week (female)

¶ Physically inactive = having an energy expenditure level of less than 1.5 kcal/kg/day; Physically active = having an energy expenditure level of 1.5 or more

# High BMI = overweight or having a BMI of greater than or equal to 25; Low BMI = BMI of less than 25

TABLE 2
Weighted prevalence and 95% confidence limits of selected chronic disease
risk factors in Canada, by age and sex, Canadian Community Health Survey,

Cycle 1.1 (2000)



Results

Tables 1 and 2 show prevalences of single
risk factor exposures. Here, prevalence re-
fers to weighted prevalence of a single factor
in the population, regardless of any of its
co-occurrences with other factors.

Table 1 shows the weighted prevalence of
the four selected risk factors expressed as
percentages of the total Canadian popula-
tion. Our results indicate that 21.0 percent of
Canadians have no risk factor exposures,
21.5 percent currently smoke, 6.0 percent
are high-risk drinkers, 53.5 percent are phys-
ically inactive, and 44.8 percent are over-
weight.

Table 2 shows that, across most age groups,
males were found to be significantly less
physically inactive, but more likely to
smoke, have high alcohol intake and be
overweight when compared to females. Ad-
ditionally, the proportion of males with none
of the four risk factors was significantly
lower than that of females. Prevalence val-
ues for high-risk drinking and overweight
peaked in the same age groups for both
males and females.

Tables 3 to 5 show prevalences of multiple
risk factor exposures. The prevalence refers to
the weighted prevalence of the population,
counting only those risk factors specified. For
example, smoking prevalence specifically re-
fers to the prevalence of current smokers
(smoking=YES) who had low alcohol intake
(high alcohol intake=NO), were physically
active (physical inactivity=NO) and had low
BMI (high BMI=NO). Thus, the risk factors
specified in Tables 3–5 are discrete (i.e. non-
overlapping).

Table 3 presents risk factor cluster preva-
lences as percentages of the Canadian popu-
lation and their associated 95 percent confi-
dence limits in the Canadian population. For
example, 4.3 percent of Canadians (Sample
N = 5,555) were current smokers who had
low alcohol intake, were not physically inac-
tive and had low BMI. Whereas 0.8 percent
of Canadians (Sample N = 923) were cur-
rent smokers who had high alcohol intake,
but were not physically inactive and had low
BMI (Table 3).

From Table 3, 79.0 percent (or 100 percent
minus 21.0 percent) of the population had at
least one of the four risk factors, 39.0 percent
had at least two, 8.1 percent had at least
three and 0.6 percent had all four. The

cluster with none of the risk factors
accounted for the highest cluster prevalence
(21.0 percent), followed by those with physi-
cal inactivity (19.4 percent); physical inac-
tivity and overweight (19.0 percent); and
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Risk factors present within
individual**

Number in
sample

Number in
population Prevalence*

Lower
95% CL†

Upper
95% CL

None 23,186 4,863,489 21.0 20.7 21.4

Smoking‡ (only) 5,555 1,004,329 4.3 4.2 4.5

High alcohol intake§ (only) 1,146 258,008 1.1 1.0 1.2

Physical inactivity¶ (only) 19,712 4,488,975 19.4 19.0 19.8

High BMI# (only) 18,628 3,510,975 15.2 14.9 15.5

Smoking and high alcohol
intake

923 174,284 0.8 0.7 0.8

Smoking and physical
inactivity

7,660 1,523,506 6.6 6.4 6.8

Smoking and high BMI 3,793 644,632 2.8 2.7 2.9

High alcohol intake and
physical inactivity

669 157,492 0.7 0.6 0.8

High alcohol intake and
high BMI

1,102 229,186 1.0 0.9 1.1

Physical inactivity and
high BMI

22,143 4,394,103 19.0 18.7 19.4

Smoking, high alcohol
intake and physical
inactivity

1,019 214,517 0.9 0.9 1.0

Smoking, high alcohol
intake and high BMI

543 101,418 0.4 0.4 0.5

Smoking, physical
inactivity and high BMI

6,583 1,229,995 5.3 5.1 5.5

High alcohol intake,
physical inactivity and
high BMI

894 179,685 0.8 0.7 0.9

Smoking, high alcohol
intake, physical inactivity
and high BMI

730 142,894 0.6 0.6 0.7

Total 125,574
(11,288
missing)

25,801,718
(2,684,230
missing)

99.9

* Prevalence of risk factor cluster was calculated by weighted methods and expressed in terms of
percentage of total Canadian population.

** All categories are discrete and non-overlapping.

† Confidence limit

‡ Smoking = current smoker; Non-smoking = having never smoked or being a former smoker

§ High alcohol intake = consuming more than 14.0 drinks per week (male) or 9.0 drinks per week
(female); Low alcohol intake = consuming 14.0 or less drinks per week (male) or 9.0 or less drinks
per week (female)

¶ Physical inactivity = having an energy expenditure level of less than 1.5 kcal/kg/day; Physical
activity = having an energy expenditure level of equal to or greater than 1.5

# High BMI = overweight or having a BMI of greater than or equal to 25; Low BMI = having a
BMI of less than 25

TABLE 3
Weighted prevalence of selected chronic diseases risk factors and risk factor

clusters in Canada, Canadian Community Health Survey,
Cycle 1.1 (2000)
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Age groups (years)

Risk factor present within individual** 12–19 20–34 35–49 50–64 65+ Total

None 49.2
(47.5, 50.9)

18.0
(16.9, 19.1)

12.0
(11.3, 12.7)

11.7
(10.9, 12.6)

18.5
(17.2, 19.9)

18.9
(18.4, 19.4)

Smoking‡ (only) 5.6
(4.8, 6.3)

5.7
(5.1, 6.3)

4.3
(3.8, 4.7)

3.3
(2.8, 3.8)

2.0
(1.6, 2.4)

4.3
(4.1, 4.6)

High alcohol intake§ (only) 1.4
(0.9, 1.8)

2.0
(1.6, 2.4)

0.7
(0.5, 0.9)

0.9
(0.6, 1.1)

0.7
(0.4, 1.0)

1.1
(1.0, 1.3)

Physical inactivity¶ (only) 14.6
(13.4, 15.8)

15.6
(14.5, 16.7)

13.2
(12.3, 14.0)

11.7
(10.7, 12.7)

18.0
(16.8, 19.3)

14.3
(13.7, 14.8)

High BMI# (only) 15.9
(14.7, 17.0)

17.1
(16.0, 18.2)

19.3
(18.4, 20.2)

22.7
(21.6, 23.9)

22.7
(21.4, 24.1)

19.4
(18.9, 19.9)

Smoking and high alcohol intake 1.2
(0.8, 1.5)

2.0
(1.6, 2.4)

0.8
(0.6, 1.0)

0.5
(0.3, 0.7)

0.2
(0.1, 0.4)

1.0
(0.9, 1.1)

Smoking and physical inactivity 2.5
(2.0, 3.0)

8.1
(7.3, 9.0)

7.5
(6.9, 8.2)

5.6
(5.0, 6.3)

3.9
(3.3, 4.5)

6.3
(5.9, 6.6)

Smoking and high BMI 1.6
(1.2, 2.0)

3.8
(3.3, 4.3)

5.0
(4.5, 5.4)

3.2
(2.8, 3.6)

1.3
(1.0, 1.6)

3.5
(3.3, 3.7)

High alcohol intake and physical
inactivity

0.4
(0.2, 0.6)

1.1
(0.8, 1.3)

0.5
(0.3, 0.6)

0.7
(0.5, 0.9)

0.5
(0.3, 0.7)

0.7
(0.6, 0.8)

High alcohol intake and high BMI 0.5
(0.3, 0.8)

2.2
(1.8, 2.6)

1.4
(1.2, 1.7)

2.0
(1.5, 2.4)

1.3
(1.0, 1.7)

1.6
(1.4, 1.8)

Physical inactivity and high BMI 5.3
(4.6, 6.1)

13.5
(12.5, 14.5)

22.3
(21.3, 23.3)

26.7
(25.5, 28.0)

25.2
(23.8, 26.7)

19.2
(18.7, 19.7)

Smoking, high alcohol intake and
physical inactivity

0.3
(0.2, 0.4)

1.5
(1.2, 1.8)

1.5
(1.2, 1.8)

0.9
(0.6, 1.2)

0.5
(0.3, 0.8)

1.1
(1.0, 1.2)

Smoking, high alcohol intake and high
BMI

0.4
(0.3, 0.6)

1.1
(0.9, 1.4)

0.7
(0.5, 0.9)

0.5
(0.3, 0.6)

0.2
(0.0, 0.4)

0.7
(0.6, 0.8)

Smoking, physical inactivity and high
BMI

1.0
(0.6, 1.4)

6.0
(5.4, 6.6)

8.3
(7.7, 8.9)

7.2
(6.4, 7.9)

3.0
(2.5, 3.6)

6.0
(5.7, 6.2)

High alcohol intake, physical inactivity
and high BMI

0.1
(0.0, 0.2)

1.2
(0.9, 1.5)

1.4
(1.1, 1.7)

1.4
(1.1, 1.7)

1.4
(1.0, 1.8)

1.2
(1.1, 1.3)

Smoking, high alcohol intake, physical
inactivity and high BMI

– 1.2
(0.9, 1.4)

1.3
(1.1, 1.5)

1.0
(0.8, 1.3))

0.4
(0.2, 0.6)

0.9
(0.8, 1.1)

Total Canadian population 1,662,580 3,193,934 3,826,542 2,427,992 1,594,367 12,705,415

* Prevalence of risk factor cluster was calculated by weighted methods and expressed in terms of percentage of total Canadian population.

** All categories are discrete and non-overlapping.

‡ Smoking = current smoker; Non-smoking = having never smoked or being a former smoker

§ High alcohol intake = consuming more than 14.0 drinks per week (male) or 9.0 drinks per week (female); Low alcohol intake = consuming 14.0 or
less drinks per week (male) or 9.0 or less drinks per week (female)

¶ Physical inactivity = having an energy expenditure level of less than 1.5 kcal/kg/day; Physical activity = having an energy expenditure level of equal
to or greater than 1.5

# High BMI = overweight or having a BMI of greater than or equal to 25; Low BMI = having a BMI of less than 25

TABLE 4
Weighted prevalence and 95% confidence limits of selected chronic disease risk factors and risk

factor clusters in Canadian males, by age, Canadian Community Health Survey,
Cycle 1.1 (2000)
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Age groups (years)

Risk factor present within individual** 12–19 20–34 35–49 50–64 65+ Total

None 45.0
(43.3, 46.6)

25.2
(24.1, 26.4)

20.2
(19.3, 21.2)

17.0
(16.0, 18.0)

16.6
(15.5, 17.7)

23.0
(22.5, 23.6)

Smoking‡ (only) 5.3
(4.6, 6.0)

5.8
(5.3, 6.3)

5.0
(4.5, 5.5)

3.2
(2.8, 3.7)

1.6
(1.3, 2.0)

4.4
(4.1, 4.6)

High alcohol intake§ (only) 1.1
(0.7, 1.5)

1.5
(1.2, 1.7)

1.1
(0.9, 1.4)

0.8
(0.6, 1.0)

0.8
(0.5, 1.1)

1.1
(1.0, 1.2)

Physical inactivity¶ (only) 25.7
(24.3, 27.1)

28.3
(27.1, 29.5)

23.1
(22.1, 24.1)

17.1
(16.1, 18.2)

27.7
(26.6, 28.9)

24.2
(23.7, 24.7)

High BMI# (only) 7.9
(7.1, 8.7)

8.7
(8.1, 9.4)

11.1
(10.5, 11.7)

16.3
(15.3, 17.2)

12.0
(11.2, 12.7)

11.3
(11.0, 11.6)

Smoking and high alcohol intake 0.6
(0.4, 0.8)

0.9
0.7, 1.1)

0.6
(0.4, 0.7)

0.3
(0.1, 0.4)

0.1
(0.0, 0.2)

0.5
(0.5, 0.6)

Smoking and physical inactivity 4.9
(4.2, 5.5)

8.4
(7.7, 9.1)

8.3
(7.8, 8.9)

6.4
(5.8, 7.0)

4.0
(3.6, 4.5)

6.9
(6.6, 7.2)

Smoking and high BMI 1.2
(0.9, 1.5)

2.3
(2.0, 2.7)

2.8
(2.4, 3.1)

2.7
(2.3, 3.2)

0.7
(0.5, 0.9)

2.2
(2.0, 2.3)

High alcohol intake and physical
inactivity

0.4
(0.2, 0.6)

0.8
(0.6, 1.1)

0.8
(0.6, 1.0)

0.7
(0.4, 0.9)

0.6
(0.4, 0.8)

0.7
(0.6, 0.8)

High alcohol intake and high BMI 0.1
(0.0, 0.2)

0.5
(0.3, 0.6)

0.5
(0.3, 0.6)

0.6
(0.4, 0.8)

0.3
(0.1, 0.4)

0.4
(0.4, 0.5)

Physical inactivity and high BMI 5.1
(4.4, 5.8)

11.3
(10.5, 12.2)

18.2
(17.3, 19.1)

27.2
(25.9, 28.4)

31.6
(30.3, 32.8)

18.9
(18.4, 19.3)

Smoking, high alcohol intake and
physical inactivity

0.9
(0.6, 1.1)

0.9
(0.7, 1.1)

1.1
(0.8, 1.3)

0.4
(0.2, 0.5)

0.4
(0.2, 0.5)

0.8
(0.7, 0.9)

Smoking, high alcohol intake and high
BMI

0.2
(0.1, 0.3)

0.4
(0.2, 0.5)

0.3
(0.2, 0.5)

0.1
(0.0, 0.1)

– 0.2
(0.2, 0.3)

Smoking, physical inactivity and high
BMI

– 4.6
(4.1, 5.1)

6.0
(5.5, 6.6)

6.5
(5.9, 7.1)

2.9
(2.5, 3.4)

4.7
(4.5, 5.0)

High alcohol intake, physical inactivity
and high BMI

0.1
(0.0, 0.2)

0.3
(0.2, 0.4)

0.4
(0.3, 0.6)

0.5
(0.3, 0.6)

0.6
(0.4, 0.8)

0.6
(0.4, 0.8)

Smoking, high alcohol intake, physical
inactivity and high BMI

0.4
(0.1, 0.7)

0.2
(0.1, 0.3)

0.5
(0.4, 0.6)

0.4
(0.2, 0.5)

0.1
(0.0, 0.1)

0.3
(0.3, 0.4)

Total Canadian population 1,580,702 3,107,188 3,897,071 2,457,918 2,053,423 3,096,302

* Prevalence of risk factor cluster was calculated by weighted methods and expressed in terms of percentage of total Canadian population.

** All categories are discrete and non-overlapping.

‡ Smoking = current smoker; Non-smoking = having never smoked or being a former smoker

§ High alcohol intake = consuming more than 14.0 drinks per week (male) or 9.0 drinks per week (female); Low alcohol intake = consuming 14.0 or
less drinks per week (male) or 9.0 or less drinks per week (female)

¶ Physical inactivity = having an energy expenditure level of less than 1.5 kcal/kg/day; Physical activity = having an energy expenditure level of equal
to or greater than 1.5

# High BMI = overweight or having a BMI of greater than or equal to 25; Low BMI = having a BMI of less than 25

TABLE 5
Weighted prevalence and 95% confidence limits of selected chronic disease risk factors and risk factor

clusters in Canadian females, by age, Canadian Community Health Survey,
Cycle 1.1 (2000)



overweight (15.2 percent). Respondents
who are physically inactive and overweight
account for the highest proportion of the
population with two or more coexistent risk
factors.

Tables 4 and 5 show the age distribution of
risk factor clusters for males and females,
respectively. With the exception of the clus-
ters for smoking (only), high-risk drinking
(only), smoking and physical inactivity,
high-risk drinking and physical inactivity,
and physical inactivity and overweight, all
cluster prevalence values (for the “all-age”
comparisons) were statistically different
between males and females. Further, when
compared to females, the prevalence values
were higher in males for all-risk factor clus-
ters, except for the no-risk factor, smoking,
physical inactivity, and smoking and physi-
cal inactivity clusters. Except for four risk
factor clusters (physical inactivity; physical
inactivity and overweight; high alcohol
intake and overweight; and smoking, physi-
cal inactivity and overweight), prevalence
values peaked in the same age groups for
both males and females. Specifically, for
both sexes, the prevalence for the no-risk
factor cluster peaked among those aged 12 to
19. Prevalence figures for most of the clus-
ters peaked among those aged 20 to 34 years
or those 35 to 49 years of age. Exceptionally,
high BMI-only peaked among those aged 50
to 64 years; the high alcohol intake, physical
inactivity and high BMI cluster peaked
among those over 65 years of age.

Discussion

The CCHS represents the most recent and
the largest population health survey to date
in Canada. The findings of this study there-
fore closely reflect the current risk factor sit-
uations of Canadians. It provides insights
not previously available on the question of
chronic disease risk factor coexistence in
Canada and sets the stage for renewed clini-
cal, policy and research directions.

Our research question was to determine
whether or not Canadians have multiple
rather than singular risk factor exposures.
Based on our study, 40 percent of Canadians
had one independent risk factor, while 39
percent had multiple coexistent risk factors,

and the remaining 21 percent had none. This
distribution differs somewhat from that
found by Fine et al. for the U.S. population,
where 9.7 percent had no risk factors, 32.6
percent had one independent risk factor and
57.7 percent had multiple coexistent risk
factors.28 This difference is mainly due to the
difference in how physical inactivity and
high-risk drinking are defined. Our definition
for physical inactivity made use of an energy
expenditure cut-point of 1.5, while Fine et al.
looked at individuals who reported engaging
in light/moderate physical activities for less
than 30 minutes at a time for five or more
times a week, or who reported engaging in
vigorous physical activity for less than 20
minutes at a time for three or more times a
week. Our definition for high-risk drinking
used weekly consumption cutoff values of at
least 15 drinks for men and at least 10 drinks
for women. Fine et al. defined risky drinking
for men as the average weekly consumption
of more than 14 drinks, or five or more
drinks per day at least twice in the last year,
or four or more drinks per day for at least
three times in the last year. For women it
was defined as the average weekly con-
sumption of more than seven drinks, or four
or more drinks per day at least twice in the
last year, or three or more drinks per day at
least three times in the last year.

According to our results, males are expected
to be more at risk of chronic disease out-
comes than females due to increased smok-
ing, alcohol intake and overweight.
Similarly, in the U.S. population, men were
found to have more risk factors than
women.28 The gender differences in health
behaviours, including modifiable chronic
disease risk factors, are consistent with the
literature. Particularly, it has been noted that
males are more likely to partake in “risky”
behaviours40 and that females are more
likely to be physically inactive.41,42

According to our analyses, the group with
none of the risk factors was the most com-
mon (21.0 percent), followed by those with
physical inactivity only (19.4 percent), phys-
ical inactivity and overweight (19.0 percent),
and overweight (15.2 percent). Those who
are physically inactive and overweight
account for the highest proportion of the
population with two or more coexistent risk

factors. Our findings are comparable to those
found in the U.S. population, where the most
common risk factor clusters were physical
inactivity and overweight (26.4 percent),
physically inactive (16.4 percent), over-
weight (11.7 percent) and the no-risk factor
cluster (9.7 percent).28 The slight differences
are due to different risk factor definitions.

Although best efforts were taken to define
chronic disease risk factor presence in terms
of cut-points that are meaningful to chronic
disease outcomes, we were reliant upon lit-
erature to inform our decisions. One particu-
lar definition at issue is that of physical
inactivity. The definition used by Fine et al.,
while technically different from ours (there-
fore potentially explaining prevalence differ-
ences from the two studies) did incorporate
exercise duration and intensity measures,
something that the CCHS definition intended
to do, although in a different way. We chose
a cut-point of 1.5 kcal/kg/day, which is con-
sistent with the definition of physical inactiv-
ity used throughout the Canadian chronic
disease risk factor literature.33, 37 In choosing
this cut-point, we are assuming that the pop-
ulation is healthy and has no physical activ-
ity limitations. As a result, the prevalence of
physical inactivity in the population would
be high, especially among elderly females.
However, using a standard definition such
as this does allow for comparisons across
populations and time periods from various
Canadian studies.

Our study has certain limitations, though we
employed techniques to deal with some of
them. Because there were missing data, and
cases with missing data were automatically
excluded from prevalence calculations,
weighted numbers in the population would
have been underestimated. However, this
was corrected in our study by programming.
Cases with missing data were programmed
to be excluded from both the numerator and
denominator so that prevalence estimates
were corrected. Because of the complexity of
the sampling design, sampling error for
prevalence estimates was calculated using
the bootstrap re-sampling technique.30 In the
CCHS, training and use of skilled interview-
ers, monitoring of interviewers and use of
various quality assurance protocols reduced
the amount of non-sampling error.30
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Non-response was rare as a result of the use
of computer-assisted telephone interviews
as the data collection instrument.30 Lastly,
the CCHS is based on self-report; thus, the
true prevalences of risk factor clusters are
most likely underestimated, a phenomenon
known as social desirability bias.43

This study has described a new approach
that examines multiple coexistent risk factor
clusters to assess the corresponding preva-
lence rates in the Canadian population. Its
results are important in that they quantify
the level of coexistent risks in the popula-
tion. The existence of multiple risk factors is
known to elevate the risk for chronic disease
outcome beyond that which would exist,
due to the presence of a single risk factor.

The impacts of risk factor clusters on the risk
for the major chronic diseases experienced
by the Canadian population can now, with
these data, be more accurately assessed and
so further research into the coexistence of
multiple chronic disease risk factors is war-
ranted. As well, other risk factors (such as
nutritional status, ethnicity and family his-
tory of disease) for other chronic disease out-
comes should be studied using the
methodology described in this study. Differ-
ent definitions of the risk factors under study
(e.g., light, moderate and heavy levels for
physical activity) could be used to arrive at
different prevalence figures which might al-
low for more accurate assessment of popula-
tion attributable risks. Additionally, other
demographic groups, defined on the basis of
income and immigrant status, could be ex-
amined to determine which are at an espe-
cially high risk to chronic disease outcomes
in Canada. Similar methodologies used
across studies will allow for comparisons be-
tween populations, both nationally and in-
ternationally. Lastly, better systematic and
ongoing surveillance of the risk factors for
chronic disease in the Canadian population
via a longitudinal database over time would
allow for more definitive results.
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Letters

Chronic or non-communicable?

Dear Editor,

Re:  Choi et al.’s Situational
analysis of chronic disease
surveillance in Canada

In the spirit of contributing to a collegial dis-
cussion about implications for practice and
surveillance, I would like to comment on the
difficult question of choosing a definition of
“chronic disease”.

The definition cited in the above-cited status
report 1 is only one of two definitions offered
by McKenna, et al., in Brownson, et al.’s,
Chronic Disease Epidemiology and Control 2.
“Disease that has a prolonged course, that
does not resolve spontaneously and for
which a complete cure is rarely achieved” is
a standard clinical definition which could as
easily refer to tuberculosis or marginal
blepharitis as it could to heart disease,
cancer or diabetes.

McKenna et al. offer a more specific defini-
tion in the first paragraph of the section
“Definition of Chronic Disease”. They write
that chronic diseases “... are generally char-
acterized by uncertain etiology, multiple risk
factors, a long latency period, a prolonged
course of illness, non-contagious origin,
functional impairment or disability, and
incurability.” This definition is much more
in keeping with how public health practi-
tioners use the term and is, in my opinion,
more relevant to the content and context of
the status report.

Even though we are finding out more about
the infectious origins of some of what we
traditionally refer to as the “chronic” dis-
eases, I feel it is still useful to make explicit
the non-communicable aspect, as is exem-
plified in the name of the working group that
co-authored the aforementioned status
report. Using the broader definition is
appealing semantically and it does appear
more inclusive. However, it makes the scope
of conditions to be addressed, their risk
factors, control methods, etc., unsuitably
broad. Among other things, it can make the
entire focus of the risk factor reduction-end
of the control spectrum (and its surveillance)
very fuzzy and almost impracticable.

Christina Mills
University of Waterloo
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Dear Editor,

I would like to thank Dr. Mills for correctly
pointing out the difficulty in choosing a defi-
nition for “chronic disease”. At the start of
the situational analysis project, we identified
a large number of definitions for chronic
disease, none of which was considered per-
fect. We finally chose one of two definitions
offered by McKenna et al. because it is more
concise and more correctly describes the key
word “chronic”. In the literature, we found
that “chronic” refers to “prolonged course”
and not the “long latency period”.

I would also like to mention that there is cur-
rently debate on the use of the terms
“chronic disease” and “non-communicable
disease” to describe conditions such as car-
diovascular diseases, cancers, asthma and
diabetes. Some have challenged the use of
the term “non-communicable”, positing that
these diseases are also communicable.
Chronic non-communicable diseases are, in
fact, transferable by virtue of their underly-
ing risk factors.1 Unhealthy risk behaviours
such as smoking, physical inactivity and
cooking style can be passed on through
families, communities and populations, and
are therefore “communicable”.2

Other authors point out a current confusion
in the classification system: while non-
communicable disease is based on cause,
chronic disease is based on effect.3 Thus
while certain chronic diseases have an infec-
tious origin, certain communicable diseases
require chronic, ongoing care.

Another issue is that the terms “chronic dis-
ease” and “non-communicable disease”
may contribute to the lack of a perceived
need among decision makers to pay atten-
tion to chronic diseases. These terms may
not be adequately conveying the importance
and urgency of chronic disease surveillance,
prevention and control to public health deci-
sion makers. hronic conveys the idea of a
disease being always present and, therefore,
non-urgent. on-communicable conveys the
idea of non-infectiousness and implies that
these diseases are safe. A jurisdiction may
not realize the need to dedicate scarce re-
sources toward preventing and controlling
diseases that are long term (chronic) and
where causation is unclear (non-communi-
cable).4

It is hoped that with further discussion
among and efforts from public health
researchers and practitioners, a more appro-
priate term will be available to describe the
true nature of a group of diseases that
include cardiovascular diseases, cancers,
asthmas and diabetes.

Bernard CK Choi
Public Health Agency of Canada
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Status Report

Two to three percent of infants are born with a
congenital anomaly, but who’s counting?
A national survey of congenital anomalies surveillance
in Canada

Dana Paquette, R Brian Lowry and Reg Sauvé

Introduction

The thalidomide tragedy, recognized in
1962,1 led to the development of congenital
anomalies surveillance systems in many
jurisdictions. Today, identifying potential
teratogens is one of many important public
health functions served by congenital
anomalies surveillance.

Major congenital anomalies are detected in
two to three percent of births every year in
Canada,2 and surveillance systems offer a
way of evaluating the impact of prevention
strategies (e.g., food fortification with folic
acid). The systems are also useful in hypo-
theses generation, in describing the epidemi-
ology of specific anomalies and in identify-
ing infants in need of special services or
programs. Existing systems have also been
used for follow-up studies of survival and
economic impact.3–5

In Canada, the Canadian Congenital
Anomalies Surveillance Network (CCASN)
was established in 2002 by Health Canada
(now the Public Health Agency of Canada
[PHAC]) under the umbrella of the Canadian
Perinatal Surveillance System (CPSS). The
CCASN is made up of clinicians, academics
and public health professionals from across
the country and its goal is to enhance the
quality of surveillance data. It achieves this
by advising PHAC on strategies that encour-
age provinces/territories to develop surveil-
lance systems where there are none, and by

maintaining and enhancing existing sur-
veillance systems.

In December 2004, the CCASN undertook a
national survey of congenital anomalies
surveillance systems across the country. The
goal of the survey was to gain a better under-
standing of existing surveillance systems
and to determine how best to fulfill the
CCASN’s mission of supporting the develop-
ment and maintenance of those that are both
population based and of high quality.

Methods
A list of 37 potential respondents was com-
piled, which included representatives from
provincial/territorial ministries of health, re-
productive care programs, maternal serum
screening, medical genetics programs and

university departments of medical genetics. A
questionnaire, based on a similar survey con-
ducted by Miller and Kirby6 in the United
States, was modified and approved by the
CCASN advisory group. The questionnaire
asked respondents whether they conduct
congenital anomalies surveillance, for what
time periods congenital anomalies data are
available, whether these data include pre-
natal diagnostic data, which coding/classifi-
cation system is used, and how data were
used in the previous year.

A survey package was mailed, which in-
cluded a stamped, return envelope. Two
reminders were sent following the original
mailing, after two and four weeks, respec-
tively.
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Respondent type

Number of
questionnaires

sent

Number of
questionnaires

received
Response rate
(percentage)

Provincial/territorial ministries of health 13 12 92.3

Reproductive care programs 10 8 80.0

University departments of medical
genetics

10 5 50.0

Maternal serum screening and medical
genetics programs

4 3 75.0

Total 37 28 75.7

TABLE 1
Suvey of congenital anomaly surveillance systems in Canada (2004).

Response rate by respondent type



Results

The response rate to the survey was 76 per-
cent (28/37). A breakdown by type of
respondent is provided in Table 1.

According to the responses, ten surveillance
systems in eight provinces/territories collect
congenital anomalies data. Four reproduc-
tive care programs (RCPs), three maternal
serum screening/medical genetics programs
and three provincial/territorial ministries of
health operate surveillance systems.

The surveillance systems employ multiple
sources of data, with the exception of the
Ontario RCP, which uses only hospital
records, and Yukon’s Fetal Alcohol Spec-
trum Disorder (FASD) registry, which relies
only on physician reports.

Seven of the ten surveillance systems collect
data on all major birth defects, while three
are more limited in the anomalies they moni-
tor. The Yukon registry collects data on
FASD, Newfoundland and Labrador's
Medical Genetics Program collects data on
neural tube defects (NTDs), and the Ontario
Maternal Serum Screening Program focuses

on NTDs, trisomies 18 and 21 and other
cytogenetic and ultrasound abnormalities.
Reproductive care programs, maternal
serum screening programs and the medical
genetics programs gather data until dis-
charge from hospital or shortly thereafter.
This is unlike the surveillance systems run
by provincial and territorial Ministries of
Health (i.e., Alberta, Yukon and British
Columbia), which capture data on infants up
to one year of age, up to school age, and up
to 19 years of age, respectively.

Respondents were asked to list the ways that
they had used congenital anomalies data in

Chronic Diseases in Canada 37 Vol 27, No 1, 2006

Name of surveillance system

Earliest year of
available

data

Estimated number
of live births

covered annually

Province/
territory-wide

coverage Coding*

Captures
terminations

of pregnancies

Provincial ministry of health

British Columbia Health Status
Registry

1952 40,000 Yes ICD-9/10
OMIM#

Yes (starting in
2006)

Alberta Congenital Anomalies
Surveillance System

1980 37,000 Yes BPA, ICD-9/10,
OMIM #

Yes

Fetal Alcohol Spectrum Disorder
Registry (Yukon)

mid-1990s 350 Yes N/A N/A

Reproductive care program

British Columbia Reproductive
Care Program

2000 40,000 Yes ICD-9/10 No

Ontario Niday Perinatal Database 2004 100,000 No† Niday
definitions

No

Nova Scotia Atlee Perinatal Database
and the Fetal Anomaly Database
(FAD)‡

1980 (Atlee)
1992 (FAD)

9,500 Yes FAD and Atlee
definitions

Yes

Prince Edward Island Reproductive
Care Program

1990 1,400 Yes ICD-9/10 No

Maternal serum screening and medical
genetics programs

Manitoba Maternal Serum Screening
Program

1985 14,000 No§ ICD-9/10 Yes

Ontario Maternal Serum Screening
Program

1993 70,000 No§ ICD-9/10 Yes

Newfoundland and Labrador's
Medical Genetics Program

1976 4,800 Yes ICD-9/10 Yes

* ICD-9/10: International Classification of Diseases, ninth or tenth revision;

BPA: British Paediatric Association Classification of Diseases;

OMIM #: Online Mendelian Inheritance in Man six-digit number.

† Covers 85 percent of births.

‡ The Fetal Anomaly Database is an IWK Health Centre Department of Obstetrics and Gynaecology database and is used in combination with the
Atlee Perinatal Database to report on congenital anomalies in Nova Scotia.

§ Limited to women undergoing prenatal screening. (~70 percent of pregnant women).

TABLE 2
Description of congenital anomalies surveillance systems in Canada (2004)



the previous year. Eight (80 percent) replied
that they conducted routine statistical moni-
toring, five (50 percent) used the data for
epidemiological studies, and three (30 per-
cent) used the data for monitoring outbreaks
and cluster investigation. Other uses of the
data included identifying cases for other
epidemiological studies, evaluating public
health programs and identifying individuals
for referral to specialized services.

Further details on the surveillance systems
are presented in Table 2.

Discussion

At the time of this survey, seven provinces
and one territory had congenital anomalies
surveillance systems. However, variations in
coding, outcomes captured and case ascer-
tainment make it difficult to compare rates
across the country.

The ability to compare numbers and rates
across provinces and territories is valuable,
especially in regards to congenital anoma-
lies. When rare events are studied, the sam-
ple size must often be increased to beyond
that which is captured by one province or
territory. If a new teratogen appears, its
effects may be more rapidly detected if com-
parisons can be made across several
jurisdictions.

A national surveillance system, the
Canadian Congenital Anomalies Surveil-
lance System (CCASS), does exist. This is the
only population-based surveillance system
in Canada which provides national data on
congenital anomalies. However, it has
several limitations that hinder its usefulness.
CCASS relies primarily on hospital separa-
tions to calculate congenital anomaly rates.
This reliance on administrative databases
results in issues with timeliness and
representativity (i.e., prenatal diagnoses of
congenital anomalies that result in a termi-
nation of pregnancy are not captured). As
well, key data elements are not available,
such as the gestational age of the infant.

Major congenital anomalies are a leading
cause of death in infants,2 and create a con-
siderable emotional and economic burden
for families and society.7–8 Surveillance
systems make vital contributions to our

knowledge of causative factors and to the
evaluation of preventive measures.

Congenital anomalies surveillance is impor-
tant to public health and should be pro-
moted within all provinces and territories.
The Canadian Congenital Anomalies Sur-
veillance Network is taking the lead by
working to develop guidelines for coding, a
list of suggested congenital anomalies that
should be captured, and recommended data
collection practices.

A review of existing case definitions has
already begun and preliminary recommen-
dations have been developed. Once final-
ized, these guidelines and recommendations
will be distributed to provincial and territo-
rial representatives, and posted on the
CCASN Web site. (http://www.phac-aspc.
gc.ca/ccasn-rcsac/index.html)
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Status Report

Easy access to chronic disease surveillance information:
The NCD Surveillance Infobase

What is the percentage of current smokers in
the Durham region of Ontario?

Which gender has a higher age-standardized
hospital discharge rate for chronic, obstruc-
tive pulmonary disease in Alberta?

What is the age-standardized mortality rate
for ischemic heart disease in the St. John’s
region relative to all the other Newfoundland
and Labrador health regions?

Has the incidence trend for stomach cancer in
Nova Scotia been going up or down?

If you want to find answers to these and
many other surveillance questions, why not
try out the NCD Infobase? The Non-Commu-
nicable Diseases (NCD) Surveillance
Infobase is one of a number of Internet-
based Web tools used to disseminate surveil-
lance information at the Public Health
Agency of Canada.

The Infobase profiles the epidemiology of
chronic diseases in Canada— including most
current rates for cancers, cardiovascular and
respiratory diseases—and provides analysis
by province/territory and by regional health
unit. Demographic, mortality, morbidity,
risk factor and related health care data are
currently available. Infobase is designed
with advanced Internet technology to pro-
vide users with interactive, dynamic access
to an extensive database of chronic disease
statistics and allows for their presentation as
tables, graphs or maps. Multiple-area com-
parisons, morbidity and mortality time
trends, birth cohort mortality trends and pro-
portional mortality trends are just some of
the options available.

The NCD Infobase evolved from its prede-
cessor, the Global Cardiovascular Disease
(CVD) Infobase. The CVD was developed
seven years ago by the Ottawa Hospital as

part of its role as a Canadian Collaborating
Centre for Cardiovascular Disease for the
World Health Organization.

The NCD Infobase is under constant devel-
opment, with new data being added as they
become available. Future enhancements will
include facilitated user-interfaces and health-
region-specific summary pages. Feedback
and suggestions are welcome through the
“contact us” link.

You can bookmark the NCD and CVD Web
sites using the links below:

The Non-Communicable Disesase Infobase:
http://www.cvdinfobase.ca/surveillance

The Global Cardiovascular Infobase:
http://www.cvdinfobase.ca
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Calendar of Events

16–19 May 2006
Denver, Colorado, USA

Centers for Chronic Disease Control and
Prevention

2006 CDC Diabetes and Obesity Conference

<http://www.cdc.gov/diabetes/conferences/>
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Vancouver, British Columbia,
Canada
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97th Annual Conference

e-mail: conference@cpha.ca
<http://www.cpha.ca/english/conf/conf97/97conf-

e.htm>

21–22 April 2006
Halifax, Nova Scotia, Canada

11th Annual Atlantic Canada
Cardiovascular Congress

e-mail: mary.ann.robinson@dal.ca

21–24 June 2006
Seattle, Washington, USA

2nd North American Congress of
Epidemiology

<http://www.epicongress2006.org>

8–12 July 2006
Washington, DC, USA

UICC World Cancer Congress e-mail: secretariat2006@cancer.org
<http://www.2006conferences.org/u-index.php>

11-18 August 2006
Vancouver, British Columbia,
Canada

Cancer in Women e-mail: jbarnhart@continuingeducation.net

21–25 August 2006
Rio de Janeiro, Brazil

World Federation of Public Health
Associations (WFPHA)

11th World Congress on Public Health

<http://www.saudecoletiva2006.com.br>

2–6 September 2006
Paris, France

Joint ISEE/ISEA International Conference
on Environmental Epidemiology and
Exposure

<http://www.paris2006.afsse.fr/>

3–8 September 2006
Sydney, Australia

International Association for the Study of
Obesity

10th International Conference on Obesity

<http://www.ico2006.com>

17–21 September 2006
Geneva, Switzerland

International Society of Paediatric
Oncology 38th SIOP Congress

<http://www.siop.nl>

26–29 October 2006
Berlin, Germany

The World Congress on Controversies in
Obesity, Diabetes and Hypertension

e-mail: codhy@codhy.com
<http://www.codhy.com>

3–6 December 2006
Winnipeg, Manitoba, Canada

7th Canadian Immunization Conference <http://www.phac-aspc.gc.ca/cnic-ccni/index.html>

3–7 December 2006
Cape Town, South Africa

International Diabetes Federation
19th World Diabetes Congress

e-mail: info@idf.org
<http://www.idf2006.org>
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