
(2024) 301e313
CJC Open 6
Original Article

Prevalence of Sex-Specific Cardiovascular Disease Risk
Factors, Medical Risk, and Engagement in Health-Promoting

Behaviours in Premenopausal Females
Natalie Szakun, BKIN,a Sarah Liva, RN, PhD,b Michael E. Bodner, PhD,a

Angela Wolff, RN, PhD,b Mi-Yeon Kim, RN, PhD,b and Anita T. Cote, PhDa,c

a School of Human Kinetics, Trinity Western University, Langley, British Columbia, Canada
bSchool of Nursing, Trinity Western University, Langley, British Columbia, Canada

cFaculty of Medicine, Division of Cardiology, University of British Columbia, Vancouver, British Columbia, Canada
ABSTRACT
Background: Several sex-specific risk factors (SS-RFs) increase a
women’s risk for cardiovascular disease (CVD) but are often over-
looked during risk assessment. The purpose of this study was to
identify the prevalence of SS-RFs and assess CVD risk, knowledge,
perceptions and behaviours in premenopausal Canadian women.
Methods: An online survey was distributed across Canada to pre-
menopausal biological females (19-49 years of age). The survey
https://doi.org/10.1016/j.cjco.2023.11.003
2589-790X/� 2023 The Authors. Published by Elsevier Inc. on behalf of the Canadia
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
R�ESUM�E
Contexte : Plusieurs facteurs de risque li�es au sexe (FR-LS) font
augmenter le risque de maladies cardiovasculaires (MCV) chez les
femmes, mais sont souvent n�eglig�es durant l’�evaluation des risques.
L’objectif de la pr�esente �etude �etait de d�eterminer la pr�evalence des
FR-LS et d’�evaluer le risque de MCV, les connaissances, les perceptions
et les comportements au sein des femmes canadiennes
pr�em�enopaus�ees.
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gathered demographics, medical history, engagement in health-
promoting behaviours, and knowledge and perceptions of CVD risk.
CVD risk was calculated using medical risk and SS-RFs were tabulated
from medical history.
Results: A total of 2559 participants (33 � 8 years) completed the
survey. The majority of our sample (82%) was classified as low medical
risk. Of those classified as low risk, 35% had at least 1 SS-RF. Of high-
risk individuals, 70% underestimated their risk, 21% of whom
perceived themselves as low risk. Engagement in health behaviours
was suboptimal. Knowledge of traditional CVD risk factors and pre-
vention was relatively high; however, less than one-half were aware of
SS-RFs such as early menopause (39.4%).
Conclusions: Considering both traditional and SS-RFs, 47% of pre-
menopausal Canadian women may be at risk for developing CVD. Of
those deemed low medical risk for developing CVD, more than one-
third reported having at least 1 SS-RF. Canadian women have poor
knowledge of the risks associated with SS-RFs, lack sufficient aware-
ness of the need for prevention of CVD, and are not engaging in suf-
ficient health-promoting behaviours to mitigate future CVD risk.

M�ethodes : Une enquête en ligne a �et�e distribu�ee aux femmes bio-
logiques pr�em�enopaus�ees (19-49 ans) du Canada. L’enquête a permis
de recueillir les donn�ees d�emographiques, les ant�ec�edents m�edicaux,
les renseignements sur l’adoption de comportements favorisant la
sant�e, les connaissances et les perceptions du risque de MCV. Le ris-
que de MCV a �et�e calcul�e à partir du risque m�edical, et les FR-LS,
compil�es à partir des ant�ec�edents m�edicaux.
R�esultats : Un total de 2 559 participantes (33 � 8 ans) ont rempli
l’enquête. La majorit�e de notre �echantillon (82 %) a �et�e classifi�ee dans
la cat�egorie de faible risque m�edical. Parmi celles classifi�ees dans la
cat�egorie de faible risque, 35 % avaient au moins 1 FR-LS. Parmi les
personnes expos�ees à un risque �elev�e, 70 % sous-estimaient leur ris-
que, et 21 % parmi elles se percevaient expos�ees à un faible risque.
L’adoption de comportements li�es à la sant�e �etait sous-optimale. Les
connaissances sur les facteurs de risque de MCV traditionnels et sur la
pr�evention �etaient relativement �elev�ees. Toutefois, moins de la moiti�e
connaissaient les FR-LS telle la m�enopause pr�ecoce (39,4 %).
Conclusions : Si l’on tient compte des FR traditionnels et des FR-LS,
47 % des femmes canadiennes pr�em�enopaus�ees sont expos�ees au
risque d’avoir une MCV. Parmi celles jug�ees à faible risque m�edical de
MCV, plus d’un tiers ont d�eclar�e avoir au moins 1 FR-LS. Les femmes
canadiennes connaissent peu les risques associ�es aux FR-LS, ne dis-
posent pas d’informations suffisantes sur la n�ecessit�e de la pr�evention
des MCV, et n’adoptent pas suffisamment de comportements
favorisant la sant�e pour att�enuer le risque futur de MCV.
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Lay Summary

Cardiovascular disease (CVD) is the leading cause of death for
women worldwide. Much of the risk for developing CVD can be
attributed to female reproductive factors. In this study, almost
one-half of premenopausal women reported traditional or SS-RFs.
Those with SS-RFs are unaware that they possess risk factors for
CVD, and they do not engage in enough healthy lifestyle be-
haviours that are important for preventing CVD.

Cardiovascular disease (CVD) is the leading cause of death
among women worldwide, posing a significant burden on indi-
vidual health and health care systems as a whole.1 Historically,
CVD was viewed as a disease that primarily affects men,2-4 yet
recent estimates show women have an increased population-
adjusted risk of mortality compared with men (20.9% vs
14.9%, respectively).4 By midlife, most women have at least one
risk factor for CVD,5,6 yet many are unaware of their risk status
and lack knowledge of risk factors.7-9When asked about personal
risk of CVD, approximately 50% of women underestimate their
risk of CVD,10 and 60% of women deemed high CVD risk
believe their risk to be low to moderate.7

Much of the underestimation of women’s risk of CVD can
be attributed to the lack of awareness of sex-specific CVD risk
factors (SS-RFs). In addition to traditional risk factors (eg,
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smoking, family history of heart disease), an increased risk of
CVD is associated with female reproductive factors that occur
from menarche to menopause11 such as early menarche,12,13

polycystic ovary syndrome (PCOS),11,14-16 breast cancer,17

and early menopause.18,19 Furthermore, adverse pregnancy
outcomes (APOs)dspecifically, hypertensive disorders, gesta-
tional diabetes, and preterm deliveriesdincrease the risk of
death from ischemic heart disease 2-fold20 and double the risk
of a CV event within the first decade postpartum.21 Thus,
recognizing female SS-RFs, in addition to traditional risk fac-
tors, is important to increase the effectiveness of primary pre-
vention of CVD. In addition, a more thorough and complete
risk assessment can better inform current health messaging
related to behaviour associated with the mitigation of CVD
risk. Accordingly, the aims of this study were to determine the
prevalence of SS-RFs, medical risk, and engagement in health-
promoting behaviours in a sample of Canadian premenopausal
women and evaluate the association between knowledge and
perceptions of CVD risk with engagement in health-promoting
behaviours. We hypothesized that perception of CVD risk
would be positively associated with knowledgedbut not
engagementdin health-promoting behaviours.

Methods

Study design and population sample

Ethics approval was obtained by Trinity Western Uni-
versity’s Human Research Ethics Board, in accordance with
the latest Tri-Council Policy Statement and Canadian Asso-
ciation of Research Ethics Boards standards.

A national cross-sectional study was conducted in
September and October 2021. Recruitment and survey

mailto:anita.cote@twu.ca
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distribution was directed through a third-party survey com-
pany (Hosted in Canada Surveys; Nepean, Ontario). The
survey company worked with partner organizations that
offered incentives for potential respondents (eg, reward points
or cash). Survey responses were then sent to Hosted in Canada
Surveys for compilation and storage until the target sample is
achieved. The composite 68-item survey was developed for
our target population by adapting a combination of questions
from 6 health questionnaires. These questions were assembled
into 4 sections: daily life and heart disease perceptions/expe-
riences, general health, cardiovascular health, and
demographics.7,8,22-25 The inclusion of previously established
conventional risk-related questions, as well as questions related
to SS-RFs, allowed us to compare current findings with past
results while also obtaining new information pertaining to risk
factors and lifestyle. Participants who trialed the survey pro-
vided feedback to improve readability and understanding, and
edits were also made based on current wording
recommendations.26-29 Participants provided electronic
informed consent upon entering the survey link. The survey
was only available in English (Supplemental Appendix S1).

The inclusion criteria and desired sampling distribution
were provided to the survey company that they matched to
the demographics in their database and target distribution of
the survey. Stratified sampling was applied to control for
participation rates from each geographic region, ensuring
proportional distribution of responses reflective of the most
recent Canadian census.30 The survey closed when the target
recruitment was met.

Inclusion criteria were biologically female at birth, pre-
menopausal, 19þ years of age, and currently residing in
Canada. Screening questions at the start of the survey asked
participants to declare their biological sex at birth and whether
they had or had not menstruated in the past 12 months. If
participants answered they had not menstruated in the past 12
months (which could indicate menopause), subsequent
questions confirmed whether it was because of pregnancy or
hormonal contraception. Logic functions in the survey algo-
rithm allowed for continuance of the survey if pregnancy or
hormonal contraception was indicated. If the answers sug-
gested the participant to be in menopause, the survey ended.
To limit the number of ineligible women because of meno-
pause, the survey was sent to those � 49 years of age by the
survey company; however, if someone older than 49 obtained
the survey and completed it, as long as she met the criteria, the
results were included.

Survey components

Knowledge, perceptions, and experiences. Participants’
perceived risk, knowledge, attitudes, exposure, and personal
experiences with heart disease (HD) were measured via 16
questions derived from 2 previous studies conducted by
McDonnell et al. in 20147 and Bairey et al. in 2017.8

Knowledge questions addressed what participants knew
about risk of heart disease relative to other diseases, attitudes
and experiences toward heart disease, knowledge of CVD-
prevention behaviours, perceptions of personal risk of
developing heart disease, and engagement with health care
providers about their heart health. This section also explored
participants’ knowledge and behaviour changes as a result of
heart health tests and reasons for not discussing heart health
more with health care providers. Response options to
knowledge questions included "choosing all that apply,"
recognition (yes/no/not sure), or involved a 4-point Likert
scale (1 ¼ "strongly agree" to 4 ¼ "strongly disagree"). Par-
ticipants reported their perceived personal risk as ("low,"
"moderate," or "high").

General and reproductive health. The Short Form Health
Survey22 was adapted to assess physical and emotional health
status through 16 questions. A detailed medical history,
including prescribed medication, seeing a health care provider
or on a hospital waiting list, was included in this section.
Reproductive medical history included current reproductive
status (screening),23 age of menarche, use of hormonal birth
control, and perimenopausal symptoms. Pregnancy history
questions included respondents’ age of first pregnancy,
number of births, physical activity levels pre, during, and
postpartum and diagnosis of an APO (gestational hyperten-
sion, gestational diabetes, pre-eclampsia, preterm birth).

Cardiovascular health and lifestyle. Cardiovascular health
history questions were adapted from previously developed
questionnaires.7,31 This section consisted of 24 questions that
included medical history, family history, and current medi-
cation for diabetes, stroke/transient ischemic attack (TIA),
peripheral vascular disease, and hypertension, respectively.
Biometrics (eg, height, blood pressure, cholesterol levels) were
obtained via self-reported data. When respondents were not
aware of their numerical values for blood pressure or choles-
terol (ie, total levels, high- and low-density lipoprotein),
participants were prompted to record their values categori-
cally, based on what they have been told by their health care
providers (“healthy,” “average,” “unhealthy,” and “I really
don’t know”). These qualitative measures were converted into
numbers using the Comprehensive Health Improvement
Program’s criteria.31 This section also included multiple-
choice and short-answer questions that surveyed lifestyle
habits pertaining to alcohol consumption, diet, sleep habits,
and stress.

Demographic questions. Twelve questions surveyed
participant demographics: age, sex, gender, ethnicity, income,
occupation, ability, education, health insurance, and province
of residence.26-29 The estimated impact of COVID on so-
cioeconomic status was measured via an adapted MacArthur
scale of subjective social status.32

Data analysis

Knowledge score. Based on the number of correct answers
for the knowledge questions, a summative score was derived,
ranging from 0 to 45. Individual knowledge questions specific
to lifestyle behaviours were compared with the corresponding
behaviour in the lifestyle index (described in the following
section) to assess the relationship between knowledge of
health-promoting behaviours and engagement.

Medical risk. The risk of CVD was assessed using the
Comprehensive Health Improvement Program criteria.31



Table 1. Participant sociodemographics

Characteristic Prevalence (%)

Age (y), n ¼ 2559
19-29 35.7
30-39 39.0
40-49 25.2

Ethnic origin, n ¼ 2557
European 56.6
East and Southeast Asian 14.7
South Asian 5.4
African 3.7
Latin, Central and South American 3.5
Indigenous person of Canada 2.6
Middle Eastern 2.0
Other 2.7
Not known/prefer not to disclose 4.0
Indigenous þ European 1.7
European þ other minority 2.3
Multiple minorities 0.9

Gender identity, n ¼ 2554
Woman 97.9
Nonbinary 1.3
Two Spirit 0.3
Man 0.2
Other 0.2

Education, n ¼ 2460
Some high school 3.1
High school diploma or equivalent 20.1
College diploma 23.3
Some university education 11.5
Bachelor’s degree 32.0
Master’s degree 8.0
Doctorate degree 1.5
Certificate, trade, or vocational 0.6

Annual household income, n ¼ 2556
< $15,000 5.1
$15,000 - $29,999 12.3
$30,000 -$49,999 16.0
$50,000 - $69,999 16.8
$70,000 - $99,999 19.9
> $100,000 19.9

Do not know 3.3
Prefer not to answer 6.6
Employment status, n ¼ 2554

Employed 76.8
Unemployed 10.1
On leave 7.2
Unpaid care 5.5
Unpaired care þ employed 0.4

Province of residence, n ¼ 2551
Ontario 36.7
British Columbia 29.2
Qu�ebec 12.3
Alberta 9.6
Manitoba 4.0
Nova Scotia 2.5
Saskatchewan 2.1
New Brunswick 1.9
Newfoundland and Labrador 1.2
Prince Edward Island 0.3
Nunavut 0.1
Yukon 0.1
Northwest Territories 0.1

Access to health insurance, n ¼ 2549
Standard provincial insurance 35.2
Standard provincial insurance þ health

insurance that I buy
11.6

Standard provincial insurance þ health
insurance that my employer buys

35.3

Standard provincial insurance þ noninsured
health benefits for Indigenous/Inuit peoples

1.9

No health insurance 16.1
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Participants’ medical risk was classified as low (never diag-
nosed with heart disease, stroke/TIA, or diabetes and met 1 or
none of the following criteria: diagnosed high blood pressure,
dyslipidemia, family history of heart disease or stroke/TIA,
smoker, 55 years of age or older), moderate (participant had
never been told by a health care provider that she had heart
disease, stroke/TIA, or diabetes but met 2 or more of the
following criteria: self-reported diagnosed high blood pressure,
dyslipidemia, family history of heart disease or stroke/TIA,
smoker, 55 years of age or older), or high (participant had ever
been told by a health care provider that she had heart disease,
stroke/TIA, diabetes) appropriate for risk estimation in this
population.7,33

Risk accuracy. The respondents’ perceived risk was
compared with their medical risk. If an individual ranked her
perceived risk below her medical risk, risk accuracy was clas-
sified as "underestimated." If a respondent perceived her risk
to be greater than her medical risk, the risk accuracy was
classified as "overestimated."

Lifestyle index. A lifestyle index was used to evaluate
engagement in health-promoting behaviours. The lifestyle
index score is positively related to engagement in health-
promoting behaviours, with a lower score indicating less
adherence to healthy behaviours weekly (Supplemental
Appendix S2). Adapted from McDonell et al., 2014,7

this index awards 0 to 2 points for each of the
following health-promoting behaviors: sleep, physical ac-
tivity, stress, and consumption of fruits and vegetables;
and 0 to 1 point for consumption of alcohol, for a score
between 0 and 9.

Sex-specific risk index. We created a SS-RF index using
questions from the reproductive health questions in the sur-
vey. One point was assigned for a positive response to having
experienced for each the following conditions: early age of
menarche, APO, PCOS, endometriosis, and breast cancer
treatment (score 0 to 5). Early age of menarche was positive if
the participant’s age at the onset of menarche was reported to
be � 11 years of age.12

Statistical analysis

Descriptive statistics were used to present the variables of
interest. Prevalence was derived from the frequencies of
categorical outcomes and reported as percent, whereas means
and standard deviations were calculated for continuous
variables. Normality of continuous variables was evaluated
using the Shapiro-Wilk test. Proportional differences among
categorical variables were assessed using c2. Analysis of
continuous variables by age, medical risk, perception of risk,
and risk accuracy categories were assessed using analysis of
variance (ANOVA) or Kruskal-Wallis, depending on
normality. Linear regression was applied to evaluate associ-
ations between lifestyle index and knowledge, and lifestyle
index and perception of CVD risk, while accounting for
covariates (age, income, education, family history of heart
disease, visits to their health care provider) in the models.
Statistical significance was set at a < 0.05, and analysis was



Table 2. Participant anthropometrics and medical history by age group

Response, N (%) Total 19-29 (y) 30-39 (y) 40-49 (y)

BMI (n ¼ 1976)*
BMI kg/m2 26.0 � 6.2 24.9 � 6.0 26.5 � 6.3 26.8 � 6.1
BMI class (n ¼ 1976)*

Underweight (< 18.4 kg/m2) 5.6 54.5 29.5 16.1
Healthy (18.5-24.9 kg/m2) 47.2 38.8 38.0 23.2
Overweight (25- 29.9 kg/m2) 22.3 29.0 41.4 29.6
Obese (> 30 kg/m2) 24.9 27.2 44.0 28.8

Waist-to-height ratio (n ¼ 805)*
Mean � SD 0.48 � 0.10 0.46 � 0.08 0.49 � 0.10 0.49 � 0.11

Medical conditions (n ¼ 2559)
Anxiety 7.1 41.8 37.9 20.3
Autoimmune diseases* 7.2 21.1 42.2 36.8
All cancery 1.8 23.9 32.6 43.5

Breast cancer 23.9 36.4 18.2 45.5
Depression 5.9 44.0 35.3 20.7
Diabetes* 4.3 20.4 39.8 39.8
Family history of heart disease 20.9 33.2 38.7 28.1
Gynecologic conditionsy 11.3 27.3 43.3 29.4

Endometriosis 3.8 36.4 54.5 9.1
PCOS 3.5 50.0 40.0 10.0

Early menarchey 23.2 40.4 36.7 22.9
Heart condition 7.9 32.0 37.9 30.0
High blood pressure 6.1 28.8 41.7 29.5
High total cholesteroly 5.2 21.7 48.1 30.2
Peripheral vascular disease 2.7 30.4 37.7 31.9
Stroke/transient ischemic attack 2.2 32.1 37.5 30.4
Pregnancy* 48.6 16.3 46.8 37.0

Adverse pregnancy outcomes 39.6 18.8 46.3 34.9
Medications (n ¼ 2559)

Diabetes medication* 4.5 18.4 44.7 36.8
Blood pressure medication* 5.6 17.6 34.5 47.9
Cholesterol medication* 4.2 19.6 37.4 43.0
Hormonal contraception 17.0 33.8 40.3 25.9

All data are presented as prevalence (%) unless otherwise indicated.
Prevalence in the age group columns is the prevalence within that population (total column) and should equal 100%. Conditions indented are prevalence within

the primary category (eg, 48.6% of all women surveyed reported having ever been pregnant, and 39.6% of those pregnant women reported an APO, which is 19%
of the entire sample).

APO, adverse pregnancy outcome; BMI, body mass index; PCOS, polycystic ovary syndrome.
* P < 0.01 by age group.
y P < 0.05 by age group.
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performed using SPSS V29.0 software (IBM, Armonk, New
York, USA).
Results

Sociodemographics

A total of 3151 people accessed the survey. Of those, 281
did not meet the inclusion criteria, 300 had incomplete sur-
veys, and 11 were response removals because of illogical re-
sponses. The final sample size was 2559, for a response rate of
81%. Participant sociodemographics are presented in Table 1.
Although female sex was part of the inclusion criteria, gender
was not controlled or specified. Within our female sample,
98% identified as women.

The mean age of the sample was 33.2 � 8.1 was repre-
sentative of the study population based on the most recent
census (þ/e 2%), as was our sample ethnicity, income, and
education. There were minor exceptions in regional repre-
sentation, with a higher proportion of responses from British
Columbia (28.5% vs 13.7%, nationally), and lower propor-
tion of responses from Qu�ebec (12% vs 22.5%, nationally),30

possibly because the survey was only available in English.
Anthropometrics and medical history

Basic self-report anthropometric data and medical history is
shown in Table 2, according to 3 age groups. Overall mean
body mass index (BMI) was not different by age group; how-
ever, when separated by BMI category, more participants aged
19 to 29 years were classified as underweight compared with
the 30 to 39 and 40 to 49 age groups, whereas the 2 older
groups had a higher prevalence of overweight and obesity; c2

analysis also revealed less prevalence of autoimmune diseases,
cancer, diabetes, the use of diabetes medication, high total
cholesterol, and history of pregnancy in younger respondents.
Within the entire sample, 38% reported having at least 1 SS-
RF. Figure 1 illustrates the prevalence associated with having
1 or more SS-RF. Of those individuals who have ever been
pregnant in the past (n ¼ 1236), 40% experienced APOs,
representing 23% (n ¼ 605) of the 2682 pregnancies reported.

Medical risk

The majority of respondents (82%) were classified as low
medical risk (Fig. 2A). Medical risk differed by ethnicity, with
those of Indigenous decent having the greatest proportion of
individuals classified as high risk (16.9%) and the least with



Figure 1. Prevalence associated with having 1 or more sex-specific
risk factor (SS-RF). Of the 38% of the total population with SS-RFs,
the majority reported having 1 SS-RF, whereas 21% had 2 or more.
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low risk (67.8%, P ¼ 0.005); comparatively, all other eth-
nicities had � 80% low risk. When medical risk categories
were stratified, the prevalence of SS-RF was 35%, 55%, and
49% in those classified as low, moderate, and high medical
risk, respectively. Respondents who were identified as mod-
erate to high risk without SS-RF (n ¼ 201), and moderate to
high risk with SS-RF (n ¼ 211), and low risk individuals with
SS-RF (n ¼ 651), combined to a total prevalence of in-
dividuals at risk at 47% (n ¼ 1063). Those who had an early
age of menarche were less likely to be classified as low risk
compared with those who experienced menarche after the age
of 12 (70.5% vs 78.5%, P ¼ 0.031). Individuals reporting
Figure 2. Prevalence of cardiovascular disease risk according to medical risk
(B). Those who were classified as high medical risk underestimated their ri
early age of menarche were more likely to have a BMI clas-
sified as obese (37.2% vs 25.4%, P ¼ 0.001), unhealthy blood
pressure (10.6% vs 5.8%, P ¼ 0.004), and taking medication
for diabetes (10.2% vs 6.1%, P ¼ 0.023) compared with
those without early menarche. Of the sample that reported
having been pregnant, low-risk individuals were less likely to
report having experienced APOs compared with moderate and
high-risk women (36%, 47%, and 53%, respectively; P <
0.001). There were no mean age differences across 2 risk
groups (low and moderate to high) in individuals who had
experienced APOs at the time of completing the survey (36.2
� 7.1 vs 36.5 � 7.2, respectively, P ¼ 0.652), but time from
first pregnancy was statistically different (11.3 � 7.4 and 13.0
� 8.5 years, respectively).

Knowledge

The overall knowledge score was 31.4 � 8.0, or 70% of
the maximum score (range: 2 to 45). Income (standardized
B ¼ 0.092, P < 0.001) and age (standardized B ¼ 0.075, P ¼
0.001) were found significantly associated with knowledge
score, although the linear regression model only explained
1.6% of the variance (P < 0.001). Overall knowledge was
good for general CVD risk factors, with correct responses
given by 66% to 88% of individuals for those questions.
Knowledge of female-specific heart-attack symptoms were
identified correctly 20% to 52% of the time.

The majority of women (61%) were unaware of the rela-
tionship between heart disease and early menopause, being
too thin (58%), and autoimmune diseases (53%). Many
(44%) did not identify decreasing sitting time as a preventive
behaviour or taking prescribed medication (32%) on reducing
heart disease. Those with histories of APO were less aware of
its associated risk compared with those women without his-
tories of APO (41% vs 36%, respectively, P ¼ 0.027).

Risk perception

The majority of respondents (44%) perceived themselves
to have moderate risk (PMR) for future CVD, 39%
perceived themselves to be low risk (PLR), and 17%
score (A) and risk estimation accuracy of those classified as high risk
sk.



Figure 3. Risk profile of individuals who underestimated their medical risk. The prevalence of risk factors in the underestimators is presented for
each factor compared with those who accurately or overestimated their risk. For example, those who underestimated their risk were 2 times more
likely to be smokers compared with those who were aware of their risk. Risk factors are coloured to represent traditional (blue) and sex-specific risk
factors (pink).

Szakun et al. 307
Sex-Specific CVD Risk Factors in Females
perceived themselves to be high risk (PHR). Knowledge
scores differed among risk-perception groups (P < 0.001
each); as median knowledge scores increased, so did risk
perception (PLR ¼ 30.1 vs PHR ¼ 33.1; P < 0.001).
Talking to a health care provider about heart health was
reported by 36.6% of respondents, whereas 54.9% of our
sample reported speaking to others about their heart health.
Those prescribed medication for high cholesterol, blood
glucose, and blood pressure were more than twice as likely to
indicate PHR (P < 0.001); however, a significant proportion
of these medication users perceived themselves to be at low
risk (28%, 21%, and 29%, for high cholesterol, blood
glucose, and blood pressure, respectively). Of those reporting
a history of stroke, 27% perceived themselves to be at low
risk, whereas 40% of individuals classified as overweight, and
28% of those classified as obese, perceived themselves to be
low risk.

Accuracy of risk perception

Of high-risk individuals, 70% (n ¼ 177 of 255)
underestimated their risk (Fig. 2B); 21% (n ¼ 52 of 255)
perceived themselves to be at low risk. By contrast, only
24% of moderate risk individuals underestimated their
personal risk. Accuracy of risk perception was positively
associated with knowledge, whereas those who over-
estimated their risk had higher knowledge compared with
those who underestimated their personal risk of CVD (32.5
� 7.5 vs 29.6 � 8.9, respectively; P < 0.001). There was a
significant relationship between the accuracy of risk
estimation and sex-specific risk (P < 0.001), whereas those
who underestimated their risk had a higher sex-specific risk
index compared with those who accurately estimated their
risk (P ¼ < 0.001) and overestimated their risk (P ¼
0.028). Women who reported having APOs were twice as
likely to underestimate their risk compared with those
without APOs (16% vs 8%, P < 0.001). Characteristics of
individuals who underestimated their risks of CVD are
illustrated in Figure 3.

Lifestyle index

The lifestyle index for the entire sample was 4.6 � 1.8
(range: 0, 9), a value corresponding to approximately one-
half of the maximum score. Overall lifestyle index scores
did not differ according to medical risk status; however,
when assessed according to each individual lifestyle char-
acteristic, a higher prevalence of low-risk individuals indi-
cated having good sleep and being able to cope more with
stress (Table 3). Figure 4 illustrates the prevalence of
suboptimal health-promoting behaviours within the lifestyle
index for low medical risk individuals relative to moderate-
to high-risk individuals. Knowledge of prevention behav-
iours was not associated with reported engagement with
their respective behaviours for daily fruit and vegetable
consumption (P ¼ 0.337), smoking (P ¼ 0.453), or stress
(P ¼ 0.562). By contrast, a positive association was found
between knowledge of achieving 7 to 8 hours a night for
prevention of heart disease and getting a good sleep “most
nights” (P ¼ < 0.001).



Table 3. Prevalence of optimal engagement in health-promoting
behaviours within the lifestyle index according to medical risk

Risk categories

P value*
Low

risk (%)
Moderate
risk (%)

High
risk (%)

Fruits/vegetables 5.8 5.1 5.1 0.910
Sleep 29.4 19.9 20.2 < 0.001
Activity 60.6 52.6 62.2 0.115
Stress 14.5 25.5 19.6 < 0.001
Alcohol 52.7 53.5 48.6 0.021

Optimal engagement was reported to be highest for physical activity and
lowest for consumption of fruits and vegetables similarly across medical risk
categories. Reported optimal sleep and coping with stress were higher in the
low vs moderate- or high-risk groups. The prevalence of those who self-
reported avoiding alcohol was similar between groups; those reporting con-
sumption of 1 drink per day was the highest in the high-risk group, whereas
the moderate-risk group had the highest prevalence of 2 or more drinks per
day.

*c2 analysis.
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Discussion
By surveying premenopausal women by design, this study

focused on a relatively low-risk population for developing CVD
based on traditional risk factors. The main findings of this
study are that (1) despite a low prevalence of CVD risk in our
sample based on medical risk estimate, close to one-half of
women in our study may be considered at risk for developing
CVD, given proportions of both traditional and sex-specific
risk factors; (2) more than one-third of individuals deemed
low medical risk reported at least 1 SS-RF; (3) almost three-
quarters of individuals classified as high medical risk under-
estimated their risk, with a quarter of them perceiving them-
selves as low risk; (4) accuracy of risk perception was positively
associated with CVD risk knowledge; (5) there was a lack of
knowledge linking SS-RF to CVD risk; and (6) knowledge and
perceptions of CVD risk have little influence on engagement in
health-promoting behaviours that are inadequately adhered to
across risk tertials. Taken together, these results highlight the
need to advance contemporary CVD prevention strategies that
include SS-RFs and will close the gap between knowledge of
risk and engagement in health behaviours that mitigate risk for
Canadian women.

Prevalence of female sex-specific risk factors

The high prevalence of sex-specific risk factors in this pre-
menopausal population shows that CVD risk is much higher
than the low estimated risk calculated using recommended risk
stratification tools7,33 Evidence now exists clearly showing these
sex-specific risk factors are associatedwith futureCVDmorbidity
and mortality.17,34 For the purposes of our study, we chose to
focus on those factors that have biological origins related to the
female reproductive system: APO, early menarche, breast cancer
treatment, PCOS, and endometriosis. Given that other factors
associated with CVD risk, such as autoimmune diseases and
feminine personality traits (ie, gender factors), occur more often
in women, they can also occur in men. Thus, we focused our
analysis on those factors unique to women.

Pregnancy disorders

Outside of traditional CVD risk factors, pregnancy disor-
ders provide the greatest additional risk to women, and we
found that 40% of those pregnant in the past (19% of the
total sample) reported APOs. This is notable, given a recent
prospective study showing that the inclusion of APO history
in the Framingham Risk Score tool increased the model’s 15-
year risk prediction.35 The documentation of pregnancy his-
tory should be considered as part of every medical screen for
CVD.

Early age of menarche

Close to one-quarter of our sample reported age of
menarche < 12 years of age, making it the second most
dominant sex-specific CVD risk factor in our study. There is
substantive evidence to suggest that early age of menarche (<
12 years) is associated with an increased risk of CVD inci-
dence and related death compared with those who experience
menarche at a later age. A recent meta-analysis13 reported
that an increase in the age of menarche by 1 year was asso-
ciated with a decreased risk of all-cause and ischemic heart
disease mortality. Further, age of menarche was inversely
related with CVD, ischemic heart disease, and stroke mor-
tality rates.13 It is important to note, however, that the
relationship between early age of menarche and CVD is
complex and not fully understood. Many postulate that it is
the association of early age of menarche with higher BMI and
accumulation of central adiposity, which may, in turn, lead
to other CVD risk factors such as high blood pressure, dia-
betes, and dyslipidemia.36,37 Indeed, we found a higher
prevalence of obesity and unhealthy blood pressure in those
reporting early age of menarche. However, others have re-
ported early age of menarche was associated with a 28% rise
in CVD mortality independent of BMI and waist circum-
ference.38 In any case, early age of menarche should be
considered another important consideration in clinical health
screening.

Endometriosis and PCOS

Approximately 10% of women of reproductive age are
affected by PCOS and endometriosis worldwide. Although
not every woman in our study who reported gynecologic
conditions specified having PCOS or endometriosis, these
conditions were captured within the 13% prevalence of gy-
necologic conditions for the entire sample. Within the low-
risk group, 10% indicated having PCOS or endometriosis
with no other gynecologic conditions reported. The direct
mechanisms remain elusive, but chronic inflammation has
been implicated in their pathophysiology, as strong evidence
links these conditions to obesity, hypertension, dyslipidemia,
and insulin resistance.39,40

Breast cancer treatment and early menopause

Research has linked breast cancer treatment and associated
cardiotoxicity with increased CVD morbidity and mortality.41

Only 0.4% of our population reported undergoing breast
cancer treatment. This low prevalence may be attributed to
our exclusion criteria, as treatment often leads to early
menopause (ie, treatment-induced menopause) and relatively
young age of our participants. Early menopause, defined as
occurring before the age of 45 years, affects approximately
10% of women and is associated with increased rates of CVD
morbidity42-44 and mortality.45,46



Figure 4. Lifestyle behaviours and characteristics of those with low medical risk relative to those with moderate to high medical risk. Percentages
represent the proportion of individuals who reported suboptimal behaviours (blue) or presence of sex-specific risk factors (pink). Profiles were
similar between groups except for stress and sleep, where more individuals with moderate-to-high medical risk experienced poor sleep and
diminished ability to cope with stress than low-risk individuals.
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SS-RFs and cumulative risk

Although our study reports on the high prevalence of female
SS-RFs in premenopausal women, the degree to which these
risk factors independently and cumulatively affect future CVD
in the presence or absence of traditional risk factors is un-
known. A recent systematic review investigated the addition of
SS-RFs into current risk prediction tools and found the inte-
gration led to marginal, if any, improvements to risk prediction
or classification.47 Age at the time of assessment and the length
of prediction time interval are possible confounders. Adding
APO into the Framingham Risk Score yielded improvements
in 15-year CVD prediction models but not in the established
10-year prediction.35 And in older populations, the diminish-
ing association of CVD risk seen with the inclusion of SS-RFs
is likely caused by the emergence of traditional CVD risk
factors in later years that may mask the relationship.12,48,49 The
quantification of cumulative risk is further complicated by the
increased odds of developing a subsequent SS-RF when one
already exists for an individual. For example, endometriosis has
been linked to greater odds of having an APO,50-53 PCOS,54

early menopause39,55 associated with early age of
menarche,56,57 and breast cancer.58,59 Challenges aside, effec-
tive screening involves early identification of risk factors that
can be addressed with recommended prevention and or treat-
ment guidelines, with the ultimate goal of improving health
outcomes.58 Thus, despite the need for a greater understanding
of the trajectory of risk, in the short term, clinicians can screen
for the presence of SS-RFs (Supplemental Appendix S3).

Knowledge and perceptions

Our findings support in part similar findings of participant
knowledge scores in a 2014 Canadian study by McDonnell
et al.7 in a similar age group. For example, compared with the
findings of McDonnell et al., we also found that knowledge of
heart attack symptoms in women increased slightly, and our
respondents displayed adequate knowledge about traditional
CVD risk factors. In our work, income and age were signifi-
cantly associated with knowledge; however, as part of our
regression model, the explanatory power was markedly reduced,
given that the regression modeldalthough sig-
nificantdexplained less than 2% of the variance in knowledge.

We found that although the accuracy of risk perception was
higher in our sample compared with McDonnell et al., under-
estimation of risk in high-risk women remains a concern. As
shown in Figure 3, high-risk individuals may have chronic con-
ditions or traditional and SS-RFs. Our survey does not have the
data to explore the reasons behind their personal risk perception;
however, possible explanations include the belief or over-
estimation of treatment benefits (ie, statin medication and CVD
risk),60 a lack of awareness of risk because of conscious or un-
conscious denial,61 or inadequate health literacy,62 among other
factors. There is a lack of awareness pertaining to the effects of
sex-specific CVD risk factors on future CVD risk, particularly in
those that possess 1 or more of these risk factors. For example,
despite the fact that pregnancy complications and early meno-
pause poses risks to women’s heart health, knowledge of these
factors was the lowest in our sample. This type of disconnect has
been observed in other studies in which knowledge of the rela-
tionship between hypertensive disorders of pregnancy and CVD
was low or absent.63,64 The lack of patient follow-up, whether
caused by the health system or patient initiative, may also play a
role in the level of knowledge and perceptionof risk. For example,
following gestational diabetes, women interpreted a lack of
postpartum follow-up to mean their condition was either not
serious or had resolved altogether. 65-67
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Interestingly, in our study, those who overestimated their
perceived risk were generally more knowledgeable about CVD
risks. Greater knowledge may be explained by more frequent
visits to health care providers,33 althoughdas we, and others,
reportdmany women admit not talking to their health care
providers about their personal heart health if it is not brought
up first by the health care provider.33 Further, some clinicians
exhibit low levels of knowledge with respect to SS-RF and
CVD risk64 or self-report they are unsure about their effec-
tiveness in supporting female patients in CVD prevention or
treatment.68 As such, as will be discussed here, education efforts
targeted at patients and health care providers should remain a
priority for improving awareness of heart disease risk in women.

Lack of relationship between knowledge of CVD risk
prevention and health-promoting behaviours

In our population, knowledge of prevention behaviours
was not associated with engagement in health-promoting
behaviours, except for sleep. Although the knowledge of the
importance of sleep for preventing heart disease was associated
with actual attainment of achieving 7 to 8 hours most nights,
the prevalence of achieving recommended sleep was still low;
less than one-third of low-risk individuals reported meeting
sleep recommendations, whereas less than one-quarter
attained optimal sleep in moderate and high-risk profiles.
The importance of lifestyle behaviours to promote health and
reduce the risk of CVD cannot be overstated69,70; however,
the disconnect between knowledge of health-promoting be-
haviours for prevention of CVD and lack of adherence to
engaging in a meaningful amounts of healthy lifestyle be-
haviours requires attention.

Possible solutions to improve awareness of CVD risk
and support in lifestyle behaviours

Previous studies have found that knowledge of CVD risk
alone is not enough for women to recognize their actual
risk71,72 or engage in risk-reducing behaviours.73 By contrast,
knowledge acquisition via prevention education programs has
successfully increased both awareness and preventive health-
behaviour actions in women, decreasing CVD risk and
associated deaths within their respective cohorts.33,74 In a
randomized control trial following pre-eclampsia, the inter-
vention group that engaged online education modules and a
lifestyle coach reported greater knowledge of CVD risk fac-
tors, increased self-efficacy for healthy eating, and were less
physically inactive compared with a control group that
received links that provided CVD risk reading material only.75

Perhaps a variety of approaches are needed to build knowl-
edge, self-efficacy, and motivation in women to engage in
behaviours that mitigate CVD risk. For example, interacting
with a live health care professional may resonate with women.
Telehealth interventions have demonstrated that virtual con-
nections to health care providers or educators may be an
effective way to connect with women while avoiding access
barriers.76 In addition, in an effort to limit or avoid losing
connection with patients such as those identified as high risk
following APO, lifestyle interventions should begin as soon as
possible.77 There also remains a need for novel female-specific
research and education on prevention of heart disease and
treatment in women for clinicians and other allied health
professionals to have a viable impact on improving cardio-
vascular health in women.68 Further research involving novel
approaches to improve adherence to a healthy lifestyle is
needed to have a meaningful impact on CVD morbidity and
mortality in women.

Strengths and limitations

This study surveyed a large representative Canadian sample
using a comprehensive and modern assessment of risk in a
population that has been largely ignored in CVD risk evalu-
ation and prevention research. As this study was a cross-
sectional evaluation, we are unable to infer causal mecha-
nisms of risk. Further, because of the nature of the electronic
delivery of the survey, only those with Internet and e-mail
could have participated in the study. Despite the potential
limitation of electronic delivery, we did recruit a representative
sample of the Canadian premenopausal population; however,
as the survey was not translated to French, we acknowledge
potential limitations in participation from Qu�ebec and other
places in Canada where the French language may be a person’s
first or only language.
Conclusions
In summary, 47% of Canadian women are at an increased

risk for developing CVD, based on the prevalence of tradi-
tional and SS-RFs. Significant gaps remain in women’s
knowledge of sex-specific CVD risk factors, and many are not
adequately engaged in preventive lifestyle behaviours. Clini-
cians must prioritize screening for all CVD risk factors early in
a woman’s life and support enhanced education and under-
standing for patients with respect to their personal risk. Early
adulthood is a critical window for prevention of CVD and the
promotion of healthy, risk-reducing lifestyle behaviours.
Further research should focus on effective preventive strategies
that will resonate with women’s needs.
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