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Background: Available information on the prevalence and
management of hypertension in the Canadian population
dates back to 1986—1992 and probably does not reflect the
current status of this major risk factor for cardiovascular dis-
ease. We sought to evaluate the current prevalence and
management of hypertension among adults in the province
of Ontario.

Methods: Potential respondents from randomly selected
dwellings within target neighbourhoods in 16 municipalities
were contacted at their homes to request participation in the
study. For potential respondents who agreed to participate,
blood pressure was measured with an automated device. Es-
timation weights were used to obtain representative esti-
mates of population parameters. Responses were weighted
to the total adult population in Ontario of 7 996 653.

Results: From 6436 eligible dwellings, contact was made with
4559 potential participants, of whom 2992 agreed to participate.
Blood pressure measurements were obtained for 2551 of these
respondents (age 20-79 years). Hypertension, defined as sys-
tolic blood pressure of 140 mm Hg or more, diastolic blood pres-
sure of go mm Hg or more, or treatment with an antihyperten-
sive medication, was identified in 21.3% of the population overall
(23.8% of men and 19.0% of women). Prevalence increased with
age, from 3.4% among participants 20—39 years of age to 51.6%
among those 60—79 years of age. Hypertension was more com-
mon among black people and people of South Asian back-
ground than among white people; hypertension was also associ-
ated with higher body mass index. Among participants with
hypertension, 65.7% were undergoing treatment with control of
hypertension, 14.7% were undergoing treatment but the hyper-
tension was not controlled, and 19.5% were not receiving any
treatment (including 13.7% who were unaware of their hyperten-
sion). The extent of control of hypertension did not differ signifi-
cantly by age, sex, ethnic background or comorbidities.

Interpretation: In Ontario, the overall prevalence of hyperten-
sion is high in the older population but appears not to have in-
creased in recent decades. Hypertension management has
improved markedly among all age groups and for both sexes.
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ypertension is a major risk factor for premature car-
ABSTRACT diovascular morbidity and mortality. Epidemiologic

studies have indicated that, for people 40-69 years of

age, each increase of 20 mm Hg in usual systolic blood pres-
sure is associated with a doubling of mortality rates for stroke
and ischemic heart disease.” In 2002 the World Health Orga-
nization estimated that at least 50% of cases of cardiovascular
disease and at least 75% of strokes were caused by elevated
blood pressure.> At the same time, randomized clinical trials
have demonstrated that these risks can be markedly reduced
by antihypertensive drug therapy. The substantial burden of
suffering associated with hypertension, combined with the
availability of feasible and accurate means of detection and a
clear benefit from treatment have led to worldwide recom-
mendations for hypertension screening and management.

Currently available Canadian data on the prevalence and
management of hypertension are based on Canadian Heart
Health Surveys that took place between 1986 and 1992. At that
time, 22% of adult Canadians had hypertension, but only 16%
of these had their blood pressure treated and controlled.?
These data are clearly out of date, and there has been no way
of assessing the impact of changes in lifestyle, including
higher rates of obesity and a sedentary lifestyle, on the preva-
lence of hypertension or determining whether hypertension
management has improved with the widespread use of newer
classes of antihypertensive drugs such as calcium antagonists
and blockers of the renin—angiotensin system.

We sought to evaluate the current prevalence and manage-
ment of hypertension among adults in the province of Ontario.

Methods

Study design

We surveyed a random sample of the adult population in On-
tario to determine blood pressure status and the extent of
management of hypertension. To achieve a reliable popula-
tion-wide, cross-sectional sample, the principal investigators
established a partnership with the Statistical Consultation
Group of Statistics Canada. The survey had 3 major objec-
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tives: to determine the prevalence of hypertension in a repre-
sentative random sample of adult residents, to determine the
level of blood pressure control among those being treated for
hypertension and to evaluate possible determinants (demo-
graphic characteristics, comorbidities and risk factors) of hy-
pertension and its control.

Target population

The Ontario Survey on the Prevalence and Control of Hyper-
tension targeted the adult population, 20—-79 years of age.
This community-based cross-sectional study was specifically
designed to gather data from 3 visible-minority groups for
which high-quality information about hypertension is dated
or nonexistent: East Asian (Chinese, Japanese, Korean, Viet-
namese, Thai), South Asian (Indian, Sri Lankan, Pakistani,
Bangladeshi) and black (mainly of Caribbean origin). The
sample represented the population of Ontario, excluding
people living in institutions, Aboriginals living on reserves
and, for reasons of cost and efficiency, those living in the
far north. Pregnant women (more than 20 weeks’ gestation)
and people with physical or cognitive disabilities that would
prevent them from giving accurate information were also
excluded.

Sampling frame and identification

of potential respondents

The sampling frame consisted of the municipalities and dis-
semination areas (small areas composed of one or more
neighbouring blocks, with a population of 400—700) of the
2001 Canadian census included within 7 health regions of in-
terest in Ontario. The health regions of interest were Central
East; Central South; Central West; East; North; South West;
and the city of Toronto. Together, these areas covered 94% of
the province’s population. First, the municipalities of Ottawa,
Sudbury and Toronto were selected with certainty. Then, 13
additional municipalities were selected from the other re-
gions of interest, with probability proportional to their popu-
lation size, for a total of 16 municipalities.*

In each selected municipality, population counts by ethnic
group were available through 2001 census data. This informa-
tion was used to target dissemination areas with higher pro-
portions of specific minority groups. A sample of dissemina-
tion areas was then selected from the entire municipality or,
when stratification was possible, from within each of the eth-
nic strata within that municipality. A systematic random sam-
ple of dwellings was selected, and the eligible adult with the
most recent birthday was selected as the respondent. One re-
spondent was chosen per household, to minimize confound-
ing related to hereditary and environmental variables.

The municipalities and dissemination areas were se-
lected using publicly available census information. The
dwellings were selected from lists drawn up by field enu-
merators, who used relevant census maps and customized
forms for listing dwellings.

Data collection
Potential respondents from randomly selected dwellings
within the target neighbourhoods received a letter of infor-
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mation, which an experienced interviewer delivered by
hand (initial contact between April and November 2006). If
the designated person was at home and agreed to partici-
pate, the interviewer conducted the home visit immediately.
During the home visit, the interviewer recorded the respon-
dent’s answers to the survey questions and set up a clinic
visit for measurement of blood pressure and certain physi-
cal characteristics. If the designated individual was not at
home, the interviewer attempted to reach him or her on 3
more occasions.

The survey included questions pertaining to the person’s
history of blood pressure measurement, hypertension diag-
nosis, management and adherence to prescribed antihyper-
tensive medications, comorbidities, personal health prac-
tices, ethnic background (self-declared) and socioeconomic
status. All comorbidities were self-reported and included
stroke, myocardial infarction, heart failure, kidney disease
and diabetes.

The clinic visits (Figure 1) were conducted at ad hoc clinic
establishments in conveniently accessible areas near where
respondents resided. The clinics ran simultaneously with the

Nurse confirms respondent’s name, address,
sex and date of birth; respondent asked to
use restroom facilities if required.

Y

Physical measurements (e.g., height, weight) recorded.
Arm circumference measured for selection of
proper blood pressure cuff. Cuff placed on left arm.
Respondent asked to stay seated and remain quiet
for 5 minutes. Nurse leaves room.

4

Nurse re-enters room and starts
the automated blood pressure recording
device; nurse then leaves room.

4

For 10% of respondents, blood pressure also
measured with mercury sphygmomanometer,
with a 2-minute rest period between
measurements.

4

Nurse re-enters room and records blood
pressure and heart rate on survey form.

Figure 1: Clinic flow for participants in the Ontario Survey on the
Prevalence and Control of Hypertension. The blood-pressure
recording device was the BpTRU unit. For respondents whose
blood pressure was measured by means of both the blood pres-
sure cuff and the BpTRU unit, the first-used instrument was al-
ternated from one patient to the next. “Nurse” means a regis-
tered nurse or a registered practice nurse.
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data-collection phase, to allow respondents to participate
within a 1- to 2-week timeframe. A registered nurse or a regis-
tered practical nurse who had received proper training in
blood pressure measurement and physical measurements
conducted the clinic visit.

Measurements

Five physical measurements (height, weight, waist, hip and
arm circumference) were obtained for each participant.

Participants were instructed to avoid physical activity and
stressors such as alcohol and caffeine before measurement of
blood pressure. For all participants, blood pressure was
measured with the BpTRU device (BpTRU Medical Devices
Ltd., Coquitlam, British Columbia), an electronic oscillomet-
ric blood pressure monitor intended for office use. This de-
vice has been previously validated by Wright and colleagues.’
In addition, for every roth participant, blood pressure was
also measured with a mercury sphygmomanometer (W.A.
Baum Co. Inc., Copiague, New York); for these participants,
the order in which the 2 devices were used was alternated.
When the BpTRU device was used, an initial reading was ob-
tained with the observer (the nurse) present to verify that the
device was functioning properly. Thereafter, the patient was
left alone in the examination room, and 5 additional readings
were taken at 1-minute intervals. The mean of these 5 read-
ings was recorded. When blood pressure was being meas-
ured, the patient was seated comfortably with the blood pres-
sure cuff at heart level, and readings were recorded without
conversation. The appropriate cuff size was used with both
measurement techniques, and all blood pressure measure-
ments were obtained from the same arm. Values recorded by
the BpTRU device were adjusted for consistency with sphyg-
momanometer readings, as described below, so that conclu-
sions drawn from this study would be comparable to those of
other studies. All BpTRU measurements were adjusted ac-
cording to a linear regression equation derived from the sub-
sample of participants whose blood pressure was measured
with both the sphygmomanometer and the BpTRU device. All
further references to blood pressure represent the adjusted
BpTRU values derived from the following equations: adjusted
systolic blood pressure = 11.4 + (0.93 X BpTRU systolic blood
pressure) and adjusted diastolic blood pressure = 15.6 + (0.83
x BpTRU diastolic blood pressure).®

For the purposes of this study, hypertension was defined as
a mean systolic blood pressure of 140 mm Hg or higher, a
mean diastolic blood pressure of go mm Hg or higher, or cur-
rent treatment with antihypertensive medication. Individuals
who remembered being told by a health care professional that
they had high blood pressure were deemed to be aware of their
hypertension. Those who had high blood pressure at the clinic
visit but did not recall being informed about their condition by
a health care professional were deemed unaware. Those who
had been told they had hypertension but were not receiving
pharmacologic treatment and had systolic blood pressure less
than 140 mm Hg and diastolic blood pressure less than go
mm Hg at the clinic visit were not included in the hypertensive
group. A participant’s hypertension was considered as being
“treated” if the person was taking antihypertensive drugs; hy-
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pertension was considered “treated and controlled” if systolic
blood pressure was less than 140 mm Hg and diastolic blood
pressure was less than go mm Hg. Hypertension that was be-
ing treated was considered “not controlled” if either value was
elevated (systolic blood pressure > 140 mm Hg or diastolic
blood pressure > go mm Hg).

Weighting, post-stratification, estimation

and sampling error

All individuals aged 20—79 years for whom blood pressure
was recorded were included in the analysis (n = 2551). Given
that the survey did not involve a self-weighted simple ran-
dom sample, estimation weights were used to obtain rep-
resentative estimates of population parameters. The basic
estimation weight was created so that each respondent rep-
resented the adults of his or her household, the household
represented the households of the particular dissemination
area, the dissemination area represented those of its munici-
pality, and the municipality represented all municipalities in
the region of interest. In the end, each responding adult car-
ried one estimation weight representing a number of other
“similar” adults in the region of interest. The sum of the esti-
mation weights corresponded to the adult population.* We
oversampled the 3 ethnic subgroups, and thereby undersam-
pled white people. Therefore, each of the 3 minority ethnic
groups is overrepresented in the survey (black people repre-
sented 9% of respondents but only 3% of the population,
South Asian people 15% and 5%, and East Asian people 10%
and 3%). The actual numbers of participants in various sub-
groups within the survey sample (by age and sex) and their
mean blood pressure appear in Appendix 1 (available at www
.cmaj.ca/cgi/content/full/178/11/1441/DC2). The number of
participants with hypertension (by age, sex and ethnic
group) is shown in Appendix 2 (available online at www
.cmaj.ca/cgi/content/full/178/11/1441/DC2).

Given the nature of the required information and given
that (in contrast to the Canadian Heart Health Survey and the
US National Health and Nutrition Examination Survey) the
study sponsor was a nongovernmental organization, a sub-
stantial degree of nonresponse was both anticipated and ex-
perienced. Furthermore, the patterns of nonresponse dif-
fered according to age, sex and ethnic group. Thus, the
estimation weights were adjusted at the lowest geographic
level possible to account for nonresponse. A further step of
weight adjustment was executed by post-stratification* of the
sample to the age X sex X ethnicity distribution of the 2001
census. The post-stratification weights ensured that the per-
centages of men and women and of younger and older peo-
ple, as well as the distribution among ethnic groups esti-
mated from the current survey corresponded to those of the
2001 census (adjusted to match the 6.6% population growth
from 2001 to 2000).

Sampling errors were estimated for all the estimates
computed in this study. Given the complexity of the sam-
pling plan and of the adjustments to the estimation
weights, sampling errors were estimated with the use of a
replication method known as “jackknife.”*” Replication
weights were created using the WesVar 4.2 software (Wes-
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tat, Rockville, Maryland); the same software was used to
create all cross tables and regression models. The y* analy-
sis was used to test for differences in proportions by age,
sex, ethnic group and comorbidities. Continuous measures
are presented as weighted means (and standard errors);
t tests were used to test for differences in blood pressure
between age groups and sexes. To measure the independ-
ent association of age, sex, ethnic group and body mass in-
dex with hypertension, a multiple logistic regression was
performed, with hypertension as the dependent variable. A
similar analysis was performed to identify predictors of
treated and controlled hypertension.

The coefficient of variation was calculated as the standard
deviation of an estimate divided by its mean. Estimates with a
coefficient of variation greater than 0.33 or cells with a sam-
ple size less than 10 were considered unreliable.®

Results

From the original sample of 6951 dwellings, 515 were out of
scope (mainly vacant dwellings or potential participants out
of desired age range). Interviewers made contact with 4559
potential participants. Of the 2992 (65.6%) who agreed to
participate in the survey, 2551 had their blood pressure meas-
ured. Of the 441 who did not have their blood pressure meas-
ured, 94 had been told by a health care professional that they
had hypertension; of these, 72 were receiving antihyperten-
sive medication. Responses were weighted to the total adult
population in Ontario of 7 996 653.

Systolic blood pressure increased significantly with age
among both men and women, but it was significantly lower
among women than among men in the groups aged 20-39
and 40-59 years (Table 1). For both men and women, dia-

Table 1: Blood pressure profile and prevalence of hypertension among participants in the 2006 Ontario Survey on the Prevalence and

Control of Hypertension, by age and sex*

p valuet
Blood pressure,
mm Hg, mean (SE) Compared Compared
% of with group aged with group aged Prevalence of

Age, yr p valuet Sex  population  Systolic Diastolic 20-39 yr 40-59 yr hypertension, % (SE)
20-39 < 0.001/0.24 M 20.1 114 (1) 72 (1) — — 0 (2.1)

F 20.8 108 (1) 71 (1) — — 7 (1.0)
40-59 0.017/0.017 M 19.3 119 (1) 77 (1) < 0.001/< 0.001 — 24.7 (3.6)

F 20.2 116 (1) 74 (1) <0.001/0.017 — 20.5 (2.7)
60-79 0.38/< 0.001 M 9.1 123 (1) 76 (1) < 0.001/< 0.001 0.002/0.24 61.1 (5.3)

F 10.5 122 (3) 71 (1) < 0.001/0.50 0.029/0.017 43.5 (8.3)
Note: SE = standard error.
*Data are weighted to the total adult population in Ontario (7 996 653).
TFor systolic/diastolic blood pressure, by sex.
FFor systolic/diastolic blood pressure.
Table 2: Prevalence of hypertension* among participants, by age, sex and ethnic groupt

Ethnic group; prevalence of hypertension, % (SE)
White Black South Asian East Asian Overall

Factor n=6 988 494 n = 253090 n = 388930 n =366 139 n=7996 653 p value
Overall 20.7 (1.7) 31.5 (5.1) 30.1 (4.2) 18.5 (3.3) 21.3 (1.5) 0.02
Age, yr
20-39 3.0 (1.3)F 7.2 (4.9) 6.3 (2.4) 4.9 (3.9)¢ 3.4 (1.2) 0.57
40-59 21.3 (2.7) 49.8 (9.0) 38.2 (6.6) 13.7 (3.2) 22.6 (2.5) < 0.001
60-79 50.2 (6.0) 62.1 (12.1) 74.9 (9.8) 61.3 (9.8) 51.6 (5.6) 0.11
p value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Sex
Female 17.9 (2.2) 36.1 (6.4) 25.9 (5.5) 21.8 (5.8) 19.0 (2.0) 0.02
Male 23.6 (2.7) 25.3 (8.6)F 34.2 (5.7) 15.5 (3.4) 23.8 (2.4) 0.14
p value 0.11 0.32 0.34 0.14

Note: SE = standard error.

*Hypertension is defined as systolic blood pressure > 140 mm Hg or diastolic blood pressure > 90 mm Hg or current treatment with antihypertensive medication.

tData are weighted to the total adult population in Ontario (7 996 653).
tEstimate with coefficient of variation > 0.33.
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stolic blood pressure was significantly greater among those
40—59 years of age than among those 20—-39 years of age;
however, it declined significantly among women 60—79 years
of age. Diastolic blood pressure was significantly lower
among women than men in the groups aged 40-59 years and
60—79 years.

Hypertension was present in 21.3% of the adult population
(Table 2). Prevalence increased with age, from 3.4% among
those 20—39 years of age to 22.6% among those 40—59 years
of age to 51.6% among those 60—79 years of age. Hyperten-
sion was present in 23.8% of men and 19.0 % of women; in
addition, the rate tended to be higher among men than
among women in all 3 age groups (p = o0.1) (Table 1). A signif-
icant difference between ethnic groups was observed among
those 40—59 years of age, whereby the rate of hypertension
was highest among black people (49.8%) and lowest among
East Asian people (13.7%) (Table 2). By sex, the prevalence of
hypertension tended to be higher among South Asian and
white males than among women with the same ethnic back-
ground. Among black and East Asian people, the prevalence
of hypertension by sex was reversed (i.e., higher among
women than among men). These results were not corrected
for age; mean age was higher among white people (45 years)
than among black people (40 years, p = 0.002) and people of
South Asian background (41 years, p=0.047).

To assess the specific impact of age, sex, ethnic back-
ground and body mass index on prevalence of hypertension,
we performed logistic regression analysis. This analysis
showed that, compared with participants 20—39 years of age,
those 60—79 years of age were 31.2 times more likely and
those 40—59 years of age 8.3 times more likely to have hyper-

Table 3: Multiple logistic regression of hypertension prevalence

Factor 0Odds ratio (95% Cl)
Age, yr

20-39 (reference) 1.0

40-59 8.3 (3.4-20.3)*
60-79 31.2 (12.3-79.5)*
Sex

Female (reference) 1.0

Male 1.5 (0.9-2.3)
Ethnic group

White (reference) 1.0

Black 3.3 (1.7-6.4)*
South Asian 2.7 (1.6-4.6)1
East Asian 1.4 (0.8-2.4)
Body mass index

< 25 (lean) (reference) 1.0

25-30 (overweight) 2.0 (1.2-3.3)

> 30 (obese) 3.5 (2.2-5.6)*

Note: Cl = confidence interval.

*p < 0.001 for the independent association between prevalence of hypertension
and the designated factor.

1p = 0.01 for South Asian v. white.

$p = 0.007 for lean v. overweight.

CMAJ

* MAY 20,2008 * 178(11)

ARCH

tension (Table 3). Black people were 3.3 times more likely
and South Asians 2.7 times more likely than white people to
have hypertension.

Participants with hypertension who were 40—79 years of
age had significantly higher rates of myocardial infarction,
heart failure, stroke, kidney disease and diabetes mellitus
than those who did not have hypertension (Table 4). Con-
versely, the prevalence of hypertension was significantly
higher among those with any comorbidity or with diabetes,
obesity or high cholesterol (as indicated by use of choles-
terol-lowering medication) than among those without
(Table 5).

Among participants with hypertension, most (82.4%)
were receiving antihypertensive drug therapy, with no signifi-
cant differences by age, sex or ethnic background (Table 5).
Treatment rates tended to increase with age (p = 0.09). In ad-
dition, participants with hypertension who had one or more
comorbidities or risk factors were significantly more likely to
be taking antihypertensive medication than those without
such comorbidities or risk factors (91.7% v. 77.3%).

Overall, 65.7% of the participants with hypertension were

Table 4: Mean blood pressure of respondents with and without
hypertension, by age and prevalence of comorbidities*

Hypertension status

With Without
hypertension hypertension
Factor n=1498 045t n=6498609 p value
Systolic blood
pressure, mm Hg,
mean (SE)
Age, yr
20-39 131 (8) 111 (1)8 0.008
40-59 128 (2) 115 (1) < 0.001
60-79 129 (2) 117 (2) < 0.001
Diastolic blood
pressure, mm Hg,
mean (SE)
Age, yr
20-39 82 (5) 71 (1)8 0.025
40-59 80 (1) 74 (0) < 0.001
60-79 76 (1) 71 (1) < 0.001
Self-reported
comorbidities, %%
Myocardial 10.1 (1.8) 2.0 (0.8) < 0.001
infarction
Heart failure 3.6 (1.5) 1.5 (1.2) 0.008
Stroke 7 (2.7) 6 (1.4) 0.05
Kidney disease 4.4 (1.1) 0.5 (0.2) 0.001
Diabetes mellitus 17.5 (2.5) 7.5 (2.1) 0.006

Note: SE = standard error.

*Data are weighted to the total adult population in Ontario (7 996 653).
TNumbers do not sum to total population because of rounding.

FThe youngest group (20-39 years of age) was excluded from the analysis of
comorbidities.

SEstimate with coefficient of variation > 0.33.
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receiving treatment and their hypertension was being con-
trolled (Figure 2). There were no significant differences by
age, sex or ethnic group in the percentage of individuals with
controlled hypertension, and there were only modest varia-
tions by presence or absence of comorbidities or major risk
factors (Table 5). Logistic regression models of hypertension
control on predictors such as age, sex, ethnic background,
body mass index (< 30 v. > 30), comorbidities and drug ther-
apy (monotherapy v. 2 or more drugs) were not significant.
High correlation among key explanatory variables and the
scarcity of the relevant subsample are likely causes of the in-
significance in the models. About one-sixth (14.7%) of partic-
ipants with hypertension were receiving treatment and their
hypertension was not controlled (Figure 2), with modest
(nonsignificant) variations by age, sex and ethnic background
(data not shown). In the group receiving treatment without
control, 67.7% had systolic hypertension, 20.2% had dias-
tolic hypertension and 12.1% had combined systolic and dias-
tolic hypertension.

Among participants with both hypertension and diabetes,
we compared those whose blood pressure was at least
130/80 mm Hg with those whose blood pressure was at least

140/90 mm Hg. In these 2 groups, 34.7% versus 58.7% were
receiving treatment and had controlled hypertension, 37.4%
versus 37.5% were receiving treatment but hypertension re-
mained uncontrolled, and 27.9% versus 3.7% were not being
treated.

Among the 19.5% of participants with hypertension whose
condition was untreated, 70.2% (i.e., 13.7% of all participants
who had hypertension) were unaware of their hypertension,
and 29.8% (i.e., 5.8% of all participants who had hyperten-
sion) were aware. There were no significant differences by
age, sex or ethnic background for the percentage not treated
and the percentage unaware, but most of the coefficients of
variation were greater than 0.33 (data not shown).

Interpretation

The Ontario Survey on the Prevalence and Control of Hyper-
tension has yielded 2 important findings. First, the overall
prevalence of hypertension remains high, particularly among
older people. However, somewhat surprisingly, prevalence
appears not to have increased in recent decades. Second, hy-
pertension management has improved markedly, with sub-

Table 5: Prevalence of hypertension, antihypertensive treatment and hypertension control among participants,

by age, sex, ethnic group and comorbidities*

Mean age, Prevalence of Receiving antihypertensive Hypertension

Factor yr (SE) hypertension, % (SE) treatment, % (SE) controlled, % (SE)
Overall 59 (1) 21.3 (1.5) 82.4 (2.1) 65.7 (3.1)
Age, yr

20-39 NA 3.4 (1.2) 66.1 (17.8)t 46.4 (16.5)F

40-59 NA 22.6 (2.5) 79.2 (3.5) 66.1 (4.7)

60-79 NA 51.6 (5.6) 87.1 (2.5) 67.5 (4.2)
Sex

Male 58 (2) 23.8 (2.4) 82.6 (2.9) 66.7 (4.4)

Female 59 (1) 19.0 (2.0) 82.2 (3.7) 64.6 (5.1)
Ethnic group

White 59 (1) 20.7 (1.7) 82.2 (2.4) 67.0 (3.5)

Black 52 (2) 31.5 (5.1) 90.0 (4.0) 56.0 (10.6)

South Asian 55 (2) 30.1 (4.2) 78.4 (8.8) 57.9 (13.2)

East Asian 58 (3) 18.5 (3.3) 85.0 (8.5) 58.1 (12.6)
No comorbidity 57 (1) 16.8 (1.4) 77.3 (3.0) 65.7 (3.4)
Any comorbidityF 63 (2) 51.6 (5.8)8 91.7 (3.4)8 73.9 (7.6)
Obesity (body mass 60 (1) 33.5 (3.3)9 88.9 (2.8)** 66.8 (4.4)
index > 30)
Diabetes mellitus 62 (2) 50.3 (9.7)1t 96.9 (1.7)tt 58.7 (9.8)
Cholesterol-lowering 62 (1) 40.5 (3.2) 98.5 (0.8) 78.7 (5.4)H

medication

Note: NA = not applicable, SE = standard error.

*All estimates are weighted to represent the Ontario population with hypertension; data were not adjusted for age.

TEstimate with coefficient of variation > 0.33.

fComorbidities are self-reported and include cardiovascular disease (myocardial infarction, stroke or heart failure) and kidney disease.

§p < 0.001 (v. no comorbidities).
fp < 0.001 (v. body mass index <

30).

**p = 0.007 (v. body mass index < 30).
Ttp < 0.001 (v. those without diabetes).
Ftp < 0.001 (v. those not taking cholesterol-lowering medication).
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stantial increases in both treatment rates and control rates.
On a global scale, the current control rates appear to be
among the highest.

In the 1992 Canadian Heart Health Survey, there was a
marked increase in systolic blood pressure with age and a
lesser increase in diastolic blood pressure. These age-related
increases were similar for all of Canada and for Ontario (Fig-
ure 3). Since then, both systolic and diastolic blood pressures
appear to have decreased substantially, by 5/6 mm Hg among
those 20-39 years of age and by 20/10 mm Hg among those
60-79 years of age (Figure 3). These lower blood pressures
may reflect lower prevalence of hypertension or better man-
agement. In the present study, the overall prevalence of hy-
pertension was 21.3%, and prevalence increased from 3.4%
in the youngest group to 51.6% in the oldest group. For each
age group, these rates are a few percentage points lower than
in the 1992 Canadian survey, which counted subjects with
blood pressure controlled by nonpharmacologic treatment as
having hypertension (these subjects accounted for 6% of the
hypertensive population).>® For a comparison using the same
definition (i.e., those with blood pressure controlled non-
pharmacologically excluded from rates of hypertension in the
earlier survey), the rates were similar: 21.3% in the present
study and 21% in the 1992 survey.

The present study provides no clear evidence that rates of
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hypertension are higher than they were 15—20 years ago. It is
possible that prevalence increased in recent decades because
of factors such as higher rates of obesity but that the increase
was offset by factors such as improvements in general socio-
economic health. The current rates appear substantially lower
than those in the United States, which are 5% higher among
adults 20-39 years of age and nearly 20% higher among those
60—79 years of age.® These higher prevalence rates may relate
in part to measurement of blood pressure by physicians in the
US National Health and Nutrition Examination Survey, a situ-
ation that tends to increase blood pressure.*

Similar to the 1992 Canadian survey, the prevalence of hy-
pertension tended to be higher among men (23.8%) than
among women (19.0%). The prevalence was lower not only
among younger, premenopausal women but also, perhaps
more markedly, among older women (Table 1). With respect
to ethnic groups, after adjustment for age, sex and body mass
index, our study showed a generally similar prevalence
among white people and those of East Asian background.
Rates in the latter group were consistent with those reported
in the China Health and Nutrition Survey.** In contrast, black
people and those of South Asian background were 3 times
more likely than white people to have hypertension. These
findings are consistent with, for black people, the results of
the US National Health and Nutrition Examination Survey

19.5%

14.7%

Canadian Heart Health Survey 1992: Canada
13.2%

21.4%

Ontario Survey on the Prevention and Control of Hypertension 2006

. Treated and controlled
. Treated and not controlled
. Not treated

65.7%

Canadian Heart Health Survey 1992: Ontario
12.1%

20.8%

Figure 2: Treatment and control of hypertension as determined in 2006 by the Ontario Survey on the Prevalence and Control of Hyper-
tension and in 1992, for Ontario and Canada as a whole, in the Canadian Heart Health Survey (1992 data supplied by Dr. Michel Joffres,
Simon Fraser University, personal communication, July 31, 2007). The data are presented as percentage of the population with diag-
nosed hypertension. Both sets of Ontario data were weighted to the Ontario population, and the national data were weighted to the
Canadian population. For consistency of comparison, “treatment” in the Canadian Heart Health Survey refers to drug therapy only.
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and, for South Asian people, the rates reported in the
SUNSET study'* and by Primatesta and colleagues.™

The management of hypertension appears to have dramat-
ically improved in Ontario in recent years (Figure 2). Whereas
the 1992 survey showed that only 13% of people with hyper-
tension had their blood pressure controlled to less than
140/9o0 mm Hg by drug therapy, the overall rate of control in
the present survey was 65.7%, with only minor variations by
age, sex, ethnic group and presence of cardiovascular disease,
diabetes, obesity and high cholesterol. This marked improve-
ment in blood pressure control is consistent with the sub-
stantial increase in prescriptions for antihypertensive drugs
in Ontario (data derived from administrative databases) and
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Figure 3: Systolic and diastolic blood pressure by age in the
1992 Canadian Heart Health Survey (for Ontario and Canada),
the National Health and Nutrition Examination Survey (2004),
and the Ontario Survey on the Prevalence and Control of Hyper-
tension (20006). Data were weighted to the respective population
in each survey and are expressed as mean and standard error.
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with large increases in self-reported prevalence and treatment
of hypertension for adult Canadians.**** The latest National
Health and Nutrition Examination Survey reported control
rates of 37% in the United States for 2003—2004, with only
minor differences between men and women, between whites
and blacks and among different age groups.® Earlier surveys
in the same series reported control rates of 25% for
19090-1994.”° In parallel, in Ontario, the percentage of peo-
ple with hypertension not being treated at all has decreased
considerably, from 61% in 1990 to only 19.5% in 2006,
whereas awareness has increased, from 60% in 19go to nearly
90% today. In the United States the percentage of people with
untreated hypertension decreased from 48% to 35% and
awareness increased from 70% to 75% between 1990-1994
and 2003—2004. Thus, both treatment and control rates have
improved in both countries but the extent of improvement is
markedly higher in Ontario. Whereas in the early 19gos the
United States system appeared to perform better, subsequent
improvements in Ontario in both detection and treatment ap-
pear to have been more substantial than those in the United
States.

In our study, people with diabetes accounted for 6.5% of
the population, and 50.3% of them also had hypertension.
Nearly everyone who had both diabetes and hypertension was
receiving treatment for the hypertension; of those receiving
treatment, 58.7% had blood pressure less than 140/g0o mm Hg
and only 36.1% had blood pressure less than 130/80 mm Hg.
More intense therapeutic effort appears needed to achieve the
latter, more aggressive goal.

The improvement in control rates achieved in Ontario in
recent years is comparable to those achieved in community-
based clinical trials such as ALLHAT" and those achieved in
the US Veterans’ Administration system."® Further improve-
ments are still essential if one considers that the 30% of peo-
ple with uncontrolled hypertension represent nearly 5oo ooo
Ontarians (mainly middle-aged and older), who remain un-
necessarily at increased risk for premature cardiovascular dis-
ease. In a small percentage of cases, there may be good rea-
sons for not initiating therapy or not lowering blood pressure
to below 140/9o mm Hg, but this is clearly not the case for
30% of the hypertensive population under 8o years of age.

In the 1992 Canada-wide survey, blood pressure distribu-
tion was similar in Ontario and the whole of Canada (Figure
3). Given that the same public health care system exists
across Canada, it is likely that the present results obtained for
Ontario (population 12 160 282) are representative of Canada
(population 31 612 897, according to the 2006 census). The
prevalence of hypertension in the population is determined by
both genetic and lifestyle factors. Regional differences may
therefore exist because of differences in factors such as salt
intake and body weight. Similarly, control rates may show
variations related to differences in the physician to population
ratio or socioeconomic status.

Treatment and control rates in Ontario and presumably in
Canada are now substantially higher than in the United
States,® and rates in both countries are higher than those in
western European countries.*** The survey methodology for
all of these studies was essentially similar. Recent European
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surveys also used automated blood pressure devices.* Guide-
lines for the management of hypertension are similar as well.
Both Canada and the western European countries have effi-
cient, publicly funded health care systems. It appears that
good blood pressure control in the community is possible,
but adequate access to health care is required, as is a focus on
prevention, which may be more advanced in North America
than in Western Europe.

The primary strengths of the present study were the use of
direct observations for both blood pressure and medical his-
tory in a representative sample of the population, with over-
sampling of specific ethnic groups. A standardized approach,
including the use of recommended procedures for mea-
surement of blood pressure by trained nurses, was a major
strength. The use of fully automated electronic measuring de-
vices eliminated inter-observer and intra-observer error, the
digital preference and the “white coat effect.” In contrast, the
data on blood pressure in administrative databases is usually
obtained by physicians, who may markedly overdiagnose (un-
controlled) hypertension.* Such databases also miss individ-
uals who do not visit a physician. Conversely, participants
may become more adherent to therapy before attending a
blood pressure clinic (the “Hawthorne effect”), which leads
to the appearance of better control rates. However, this phe-
nomenon probably also occurs when a patient is visiting his
or her physician.

Several possible limitations should be considered. First, as
with all surveys of this nature, nonresponse may introduce
volunteer bias. To obtain representative estimates of the pop-
ulation, estimation weights were adjusted for age, sex and
ethnicity at the lowest possible geographic level. Moreover,
actual participation rates and final sample size were compara-
ble to those of the 1992 Canadian Heart Health Survey in On-
tario, which sampled 5817 persons and located 3639, with
home visits for 2538 persons and clinic visits for 2039.>* Sec-
ond, results from several subgroup analyses showed large co-
efficients of variation; these data should be interpreted with
caution. Third, blood pressure was measured during a single
visit, but this may overestimate rather than underestimate ac-
tual blood pressure values.

In conclusion, the community-based cross-sectional sur-
vey reported here showed a substantial improvement in age-
associated high systolic blood pressure: from 141 mm Hg
among participants 60—79 years of age in 1992 to only
122 mm Hg in this age group in 2006. This overall decrease
in blood pressure in the population is not related to a de-
crease in the prevalence of hypertension but rather to a
marked improvement in management of the condition. Long-
term decreases in blood pressure of this magnitude likely
contributed to a substantial extent to the lower rates of hospi-
tal admission and death from stroke and myocardial infarc-
tion in Canada in the past decade.*
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