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18Adult Congenital Heart Disease Center, Helen DeVos Children’s

Hospital, USA
19Pediatric Cardiology, Frontier Lifeline Hospital, India

20Division of Cardiology, Hospital de Niños, Argentina
21Adult Congenital Heart Disease Center, Oslo University Hospital -

Rikshospitalet, Norway
22Centre for Person-Centred Care (GPCC), University of Gothenburg,

Sweden
23Adult Congenital Heart Unit, Sahlgrenska University Hospital/Östra,
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Abstract

Background: Health behaviours are essential to maintain optimal health and reduce the risk of cardiovascular compli-

cations in adults with congenital heart disease. This study aimed to describe health behaviours in adults with congenital

heart disease in 15 countries and to identify patient characteristics associated with optimal health behaviours in the

international sample.

Design: This was a cross-sectional observational study.

Methods: Adults with congenital heart disease (n¼ 4028, median age¼ 32 years, interquartile range 25–42 years)

completed self-report measures as part of the Assessment of Patterns of Patient-Reported Outcomes in Adults with

Congenital Heart disease - International Study (APPROACH-IS). Participants reported on seven health behaviours using

the Health Behaviors Scale-Congenital Heart Disease. Demographic and medical characteristics were assessed via

medical chart review and self-report. Multivariate path analyses with inverse sampling weights were used to investigate

study aims.

Results: Health behaviour rates for the full sample were 10% binge drinking, 12% cigarette smoking, 6% recreational drug

use, 72% annual dental visit, 69% twice daily tooth brushing, 27% daily dental flossing and 43% sport participation. Pairwise

comparisons indicated that rates differed between countries. Rates of substance use behaviours were higher in younger,

male participants. Optimal dental health behaviours were more common among older, female participants with higher

educational attainment while sports participation was more frequent among participants who were younger, male, married,

employed/students, with higher educational attainment, less complex anatomical defects and better functional status.

Conclusions: Health behaviour rates vary by country. Predictors of health behaviours may reflect larger geographic

trends. Our findings have implications for the development and implementation of programmes for the assessment and

promotion of optimal health behaviours in adults with congenital heart disease.
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Introduction

Optimal health behaviours (i.e. actions that individuals
take to maintain or enhance their health and reduce
health risks) are essential in the maintenance of good
health and reduction of risk for cardiovascular compli-
cations (e.g. hypertension, stroke, infective endocardi-
tis) in adults with congenital heart disease (CHD).
Underscoring the importance of health behaviours,
adults with CHD are at higher risk than the general
population for cardiovascular events.1,2 Both the 2018
American College of Cardiology (ACC)/American
Heart Association (AHA) guidelines3 and the 2010
European Society of Cardiology (ESC) guidelines4

include general recommendations for health behaviours
associated with better general and cardiovascular
health. Adult CHD healthcare providers are encour-
aged to provide education to their patients about phys-
ical activity, oral hygiene behaviours (e.g. tooth
brushing, flossing), dental follow-up and avoidance of
unsafe substance use (e.g. heavy alcohol consumption,
cigarette smoking, recreational drug use).5,6

Despite efforts to educate adults with CHD about
the importance of various health behaviours, many
adults have poor knowledge about the effects of a sed-
entary lifestyle, inadequate oral hygiene and substance

use on their cardiovascular health.7,8 Although adults
with CHD tend to report lower rates of risky substance
use relative to healthy peers, alarming rates of binge
drinking (26–44%), cigarette smoking (5–28%) and rec-
reational drug use (11.4%) have been reported.8–14

Furthermore, poor oral hygiene, lack of dental care,
and low physical activity levels have been identified in
this population.8,10,12,14–17

Data regarding health behaviour rates frequently
obscure international and individual differences.
Although geographic variations have been observed for
health behaviours in the general population,18,19 little is
known about international differences in the adult CHD
population. Potential causes of differences in health
behaviours as a function of nationality include cultural
beliefs and practices, access to preventative care and
socioeconomic development factors.20–22 Moreover,
there is little knowledge regarding the patient-level char-
acteristics related to health behaviours in adults with
CHD. Individual demographic (e.g. age, sex, education
level) and medical factors (e.g. heart defect complexity,
functional status) have clear associations with behav-
iours that contribute to cardiovascular risk in both the
general population20 and among adults with
CHD.7,11,14,21 Both geographic context and individual
patient characteristics may inform providers’ efforts to
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identify patients whose health behaviours may predis-
pose them to increased cardiovascular risks. This know-
ledge may then be applied to targeted approaches to
health behaviour screening and interventions.

The present study had three aims:

1. To describe health behaviours in a large inter-
national sample of adults with CHD.

2. To compare health behaviours in this sample across
countries.

3. To identify patient characteristics associated with
health behaviours.

Methods

Participants and procedures

Participants were enrolled as part of the Assessment of
Patterns of Patient-Reported Outcomes in Adults with
Congenital Heart disease - International Study
(APPROACH-IS), which is a cross-sectional, observa-
tional study in 15 countries: Argentina, Australia,
Belgium, Canada, France, India, Italy, Japan, Malta,
Norway, Sweden, Switzerland, Taiwan, the
Netherlands, and the USA. Data collection consisted
of a battery of self-report questionnaires and occurred
from April 2013–March 2015. The study protocol was
approved by the Institutional Review Board of the
University Hospitals Leuven/KU Leuven (i.e. the coor-
dinating centre) and additional ethical approval and/or
institutional review board approval was obtained by
each participating centre as required. Participants pro-
vided written informed consent at most sites, although
there were some countries in which national legislation
does not require written consent for survey studies.
Additional study procedures have been described in
full elsewhere.23 The study protocol was registered at
ClinicalTrials.gov: NCT02150603.

To participate in APPROACH-IS, patients met the
following eligibility criteria: (a) diagnosis of CHD; (b)
18 years of age or older; (c) diagnosis identified prior to
adolescence; (d) continued follow-up at a CHD centre
or participation in a national/regional registry; and
(e) absence of physical, cognitive or language barriers
to completing study measures. Patients were excluded
from the study if they had undergone heart trans-
plantation or had comorbid Group 1 pulmonary hyper-
tension, except for pulmonary arterial hypertension
related to CHD.

Measures

In addition to medical chart review and completion of a
demographic and medical history questionnaire, par-
ticipants completed a battery of questionnaires,

including the Health Behaviors Scale-Congenital
Heart Disease (HBS-CHD),24 a self-report measure
assessing three domains of health (see below). The
HBS-CHD has been used in other CHD research and
has demonstrated good-to-excellent content validity,
adequate convergent validity and good-to-excellent abil-
ity to detect clinically meaningful changes.24 The HBS-
CHD was translated into other languages through a
rigorous academic process (e.g. forward and backward
translation, pilot testing with participants, revisions
and proofreading).24 With the exception of Dutch, psy-
chometric data is not available for all language trans-
lations used in this study.

1. Substance use: to assess monthly binge-drinking,
participants were asked to report how often they
consumed six drinks or more on one occasion. One
item assessed whether or not participants currently
smoked cigarettes. Participants also reported use of
other recreational substances, including cannabis,
amphetamines (‘speed’), 3,4-methylenedioxymetham-
phetamine (MDMA; ‘ecstasy’), cocaine and psyche-
delic mushrooms; use of any of these drugs at least
once per month was combined into one dichotomous
variable indicating recreational drug use.

2. Dental health behaviours: participants reported
whether they had visited the dentist within the
past year and their average frequency of tooth
brushing and flossing. Participants were considered
to be following oral hygiene recommendations7 if
they had one annual dentist visit, brushed their
teeth at least twice per day and flossed at least
once per day.

3. Physical activity: participants reported whether they
regularly practiced a sport (yes/no), excluding their
daily commute via walking or cycling to school or
work. Data regarding moderate and vigorous phys-
ical activity in this sample have been reported
elsewhere.25

Data analytic plan

The seven health behaviour response variables were
measured as binary outcomes. Analyses were con-
ducted using Mplus (version 7.3)26 in three phases to
address the study aims. All analyses, with the exception
of health behaviour rate comparisons between coun-
tries (i.e. our second aim), used bootstrap resampling
to obtain empirical rather than estimated standard
errors, and the False Discovery Rate (FDR)27 was
used to control the Type-1 error rate. To control for
the different sample sizes across countries, an inverse
sampling weight was used for analyses addressing our
second aim 2.28 Missing data was minimal (0.1–9.1%)
and handled via maximum likelihood estimation.
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Sample characteristics are presented as median (inter-
quartile range). A two-tailed p-value of <0.05 indicated
statistical significance.

Our first aim (i.e. describing specific health behav-
iour rates in adult CHD) was investigated using
descriptive statistics. Analyses for our second aim
used multivariate path analysis to compare the seven
health behaviours across countries. Specifically,
14 nations were dummy-coded with the USA (i.e. the
largest subsample) serving as the reference class. These
14 dummy variables served as predictors of the seven
binary health behaviour response variables. A signifi-
cant result indicated that the given health behaviour
was reported more (or less) often versus the USA
sample. Italy was not included in analyses comparing
binge drinking across countries because <5% Italian
participants reported this behaviour. For our third
aim (identification of significant predictors of health
behaviours for the overall sample) analyses involved
the use of multivariate path analysis; the seven health
behaviour response variables were allowed to correlate,
and were regressed onto five demographic variables
(age, sex, marital status (married/cohabiting vs single/
divorced/widowed), education and employment status
(employed/student vs unemployed/retired)) and two
medical variables (defect complexity, New York
Heart Association (NYHA) class). Supplementary ana-
lysis of the associations between patient characteristics
(i.e. demographic and medical variables) and the seven
binary health behaviour response variables within each
country was also conducted. Specifically, separate
multivariate path analyses were performed for each
country using multi-group analysis techniques.

Results

Participants

In total, 4028 participants (median age 32 (25–42)
years, 53% women) were enrolled in APPROACH-IS.
Approximately half of the sample had at least moder-
ately complex CHD and 54% classified themselves as
NYHA functional class I (i.e. no limitation of physical
activity). See Supplementary Material Table 1 for add-
itional participant demographics. Specific characteris-
tics of the samples within each country have been
provided in detail elsewhere.29

Aim 1: health behaviours in adults with CHD

For the total sample, 10% of patients reported binge
drinking, 12% reported cigarette smoking, and 6%
reported at least monthly use of recreational drugs.
Regarding oral hygiene, 72% of the patients had an
annual dentist visit, 69% reported twice daily tooth

brushing, and 27% confirmed daily flossing. Sport
participation was reported by 43% of participants.

Aim 2: international comparisons for health
behaviours

Percentages of each reported health behaviour for each
country are shown in Figure 1. Health behaviour rates
varied widely across countries, with multiple significant
differences from the USA reference group for each
behaviour (bold font in Figure 1). Statistics are avail-
able in Supplementary Material Table 2.

Patients from Australia and participating countries
within Western and Northern Europe reported the
highest rates of binge drinking and cigarette smoking
while recreational drug use was highest in participating
countries from North and South America. Patients
from India and Taiwan reported the lowest rates of
substance use behaviours. A more in-depth analysis of
specific drugs (e.g. cannabis, MDMA, cocaine, psyche-
delic mushrooms, amphetamines) used in each country
is reported in Figure 2. The highest rates for annual
dental visits were observed in some Western and
Northern European countries (81–87%), and the
lowest rate in India (28%). Large disparities in daily
tooth brushing and once daily flossing were observed
within some countries (e.g. in France, 72% met tooth
brushing criteria while 3% met flossing criteria; in
India, 24% met tooth brushing criteria while 63%
met flossing criteria). Regarding physical activity,
patients in Asia (i.e. Taiwan, India and Japan) and
the USA tended to report the lowest rates of sport par-
ticipation while higher rates were observed in partici-
pating countries from Western and Northern Europe.

Aim 3: predictors of health behaviours in adult CHD

Multivariate path analysis statistics for the entire
sample are reported in Table 1.

Substance use. Significant predictors varied by health
behaviour. Patients who reported at least monthly
binge drinking were more likely to be younger, male,
less educated, employed/students and have less complex
defects. Cigarette smoking was more likely in patients
who were younger, male, less educated and had less
complex defects. Monthly drug use was associated
with worse functional status, unemployment and
being unmarried.

Dental health. For all three variables, better dental
health care and hygiene were associated with being
older, female and having higher educational attain-
ment. Patients with a better functional status were
also more likely to brush their teeth and follow up
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yearly with a dentist, while employment was associated
only with annual dental follow-up.

Physical activity. Patients who were younger, male, mar-
ried/cohabiting, employed/students, with greater edu-
cational attainment, less complex defects and better
functional status reported a higher likelihood of parti-
cipating in sports.

Supplementary within-country analysis. In general, the rela-
tionship between specific patient characteristics and
each health behaviour differed within each country.
Complete statistics are provided in Supplementary
Material Table 3.

Discussion

This large, international investigation examined the
breadth and depth of health behaviours (substance
use, dental care, physical activity) in adults with
CHD. Results provide insight into geographic trends
in the rates of health behaviours and identify predictors
of health behaviours at the international level. These

findings have implications for the development and
implementation of programmes, including structured
transition services for the transfer from paediatric to
adult CHD care, that target assessment and promotion
of optimal health behaviours in adults with CHD.
Increasing the likelihood that adults with CHD will
abstain from unhealthy substance use, engage in
annual dental care and good oral hygiene, and partici-
pate in physical activity pursuits is essential for main-
taining optimal cardiovascular outcomes and
preventing complications in this population.

Results demonstrated wide variability in the rates of
each health behaviour across participating countries.
Reasons for these differences are likely multifactorial
(e.g. healthcare organization, national economic devel-
opment, cultural values and beliefs, laws and regula-
tions pertaining to availability of some substances,
geographic barriers).20,22 In line with conclusions by
Caruana and Grech,14 health behaviours of adults
with CHD may largely follow demographic trends of
the general population, with the presence of CHD
having only a subtle impact. To maximise the likeli-
hood of positive cardiovascular outcomes, all CHD
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Figure 1. Descriptive statistics and pairwise comparisons of health behaviour rates for the entire sample and by country. Bold values
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providers, regardless of geographic location, are
encouraged to screen for health behaviours and provide
appropriate intervention. However, within countries, it
is important to identify health behaviours that may be
of particular concern to identify patients most at risk
for adverse cardiovascular complications. For example,
countries with lower rates of annual dental follow-up
care may develop and implement a screening tool, pro-
vide targeted education about the importance of regu-
lar dental care and hygiene, and address logistical
barriers (e.g. identifying local dentists, helping patients
to navigate payment options).

Our findings revealed several patterns in the associ-
ations between patient characteristics and health
behaviours. Consistent with previous research in both
CHD and general population samples,9,11,14,30 patients
who were younger and male were more likely to engage
in all three substance-use behaviours. These results are
concerning given the established short- and long-term
negative cardiovascular outcomes associated with binge
drinking, cigarette smoking and recreational drug use
during young adulthood.31–33 Further, adults with less
education and less complex heart defects were also
more likely to report binge drinking and cigarette use.
Overall, younger male adults with CHD may be a
target group for focusing efforts to assess substance
use, provide education about the long-term effects of

each type of substance use and provide tailored recom-
mendations (e.g. referral to a smoking cessation pro-
gramme, involvement of behavioural health providers).

Rates of dental follow-up and oral hygiene (i.e.
tooth brushing, flossing) tended to be highest in
patients who were older, female, better educated or
had a lower NYHA class. Indeed, prior research with
healthy adults has also found that education level and
female sex are positively associated with better oral
hygiene behaviours,34 although sex and age were unre-
lated to dental follow-up in a sample of Maltese adults
with CHD.14 However, it is concerning that patients
with poorer functional status were less likely to follow
guidelines for annual dental follow-up and tooth brush-
ing. These patients are at greater risk for cardiovascular
complications, including endocarditis.35 Given that
dental problems are a primary cause of infective endo-
carditis,36 efforts to improve access and education
regarding annual dentist visits and oral hygiene behav-
iours may be especially important for patients with
poorer functional status.

Patients most likely to engage in sports tended to be
younger, male, married or cohabiting with a partner,
better educated, employed or in school, and have sim-
pler defects and better functional status. These findings
are largely consistent with previous research examining
physical activity rates in adults with CHD.9,11,16,17,25,37
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Of note, while physicians historically tended to restrict
physical activity for patients with more complex CHD,
there has been increasing awareness about the benefits
of appropriate exercise and cardiac rehabilitation pro-
grammes for patients with severe defects (e.g. single
ventricle physiology, tricuspid atresia).38 In general,
CHD providers are encouraged to provide education
about physical activity (e.g. why it is important for
long-term cardiovascular health, patient-specific limita-
tions) and engage patients in promoting physical activ-
ity. Based on our results, extra attention on this topic
may be needed for patients who are older or female and
those with more complex CHD and poorer functional
status.

Taken together, our results suggest that efforts to
maximise optimal health behaviours require global
evidence-based educational and behavioural
approaches adapted to each region’s specific character-
istics and needs. CHD providers may aim to improve
their identification of patients in need of support for
changing health behaviours. Referral to behavioural
health specialists (e.g. psychologists, clinical social
workers, counsellors) who have expertise in evidence-
based interventions for promoting health behaviour
changes should also be considered. Other multidiscip-
linary professionals, including physical therapists and
dietitians, may also be instrumental in promoting opti-
mal health behaviours. Structured programmes
designed to facilitate the transition from paediatric to
adult CHD services may provide unique and valuable
opportunities to educate adolescent and young adult
patients about optimal health behaviours and assist
them in maintaining healthy lifestyles.6,8

In addition to patient characteristics, it is also
critical for CHD providers to consider the unique geo-
graphic, cultural, economic and socio-political factors
that may affect their patients’ ability or willingness to
engage in optimal health behaviours.22 Patients may
face varying obstacles (e.g. availability, ease of travel,
cost of services, social stigma) in accessing appropriate
dental care, substance abuse services and physical activ-
ity programmes. Furthermore, health literacy should be
considered since this has been found to be associated
with health behaviours.39 Further research is needed
within each country to determine other country-level
factors that may need to be considered, when develop-
ing screening and intervention methods to increase
optimal health behaviours.

Despite the relative strengths of this study (e.g. large
international sample, rigorous analytic plan, type 1
error control), the results of this study must be con-
sidered with respect to several limitations. First,
health behaviours were assessed via self-report, which
may introduce recall and social desirability biases and
provide overly positive estimates of health

behaviours.37 Future studies may benefit from incor-
porating multiple reporters (e.g. significant others),
more objective measures (e.g. pedometers, dental
follow-up records, toxicology testing) and ecological
momentary assessment methods. Second, data were
cross-sectional, thereby precluding the ability to iden-
tify causal associations, and were limited to the years
2013–2015; longitudinal research will serve an import-
ant role in determining the direction of the effects and
tracking changes in health behaviour rates over time.
Future studies may also establish associations between
health behaviours and clinically meaningfully CHD
outcomes (e.g. hospital admissions, cardiovascular
indices, quality of life). Third, the binary health behav-
iour outcomes utilised in the study do not allow for
more nuanced insights regarding each health behav-
iour. Additional studies are needed to fully examine
each health behaviour (e.g. for adults who endorse
cigarette smoking, additional investigation into the fre-
quency, amount, age at first cigarette, attempts to quit,
etc.). Similarly, although internationally recognised
operationalizations of health behaviours for decreasing
cardiovascular risk were used, we acknowledge that
definitions, language translations and applications
may vary depending on geographic region. For exam-
ple, in contrast to the definition of binge drinking used
in this study, binge drinking is defined in the USA as at
least four drinks for women or five drinks for men
consumed within approximately two hours.40 Also,
when translated into some Indian languages, the term
for dental flossing may also apply to traditional or indi-
genous dental hygiene methods that may differ from
current Western flossing practices. Fourth, we acknow-
ledge that this study did not investigate all health
behaviours considered vital to optimal cardiovascular
health. Additional health behaviours to study in the
future include dietary choices, tattoo safety, prophylac-
tic antibiotic use, vaccinations and stress management
practices. Other patient characteristics, such as anxiety,
depressive symptoms and health beliefs, are also
important to examine as potential predictors. Fifth, it
is acknowledged that there was variability in the
number of participating sites per country (e.g. India –
one site, USA – six sites) that did not reflect each
country’s population size. Certainly, within-country
variability must be considered when interpreting these
results and designing future studies.

In conclusion, although many adults with CHD
maintain healthy lifestyles, there remains a sizable
portion of the population engaging in recreational
substance use, lacking adequate dental care and oral
hygiene, and not participating in sports. Patients are
more likely to engage in particular health behaviours
depending on the country in which they live. This inves-
tigation may encourage CHD providers to adapt
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screening, promotion and intervention efforts aimed at
improving optimal health behaviours to the specific
needs of the countries in which they practise as well
as to the patient characteristics that are uniquely
related to health behaviours within each country.
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