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Abstract
Objective: Growth in the adults with congenital heart disease (ACHD) population 
represents a challenge to the health care infrastructure. As patients with chronic 
disease are increasingly held accountable for their own care, contributors to disease‐
specific health knowledge, which are known to correlate with patients’ participation 
in care, merit investigation to design patient‐focused interventions.
Design: We conducted a single‐site, cross‐sectional study of ACHD patients. 
Investigators retrospectively gathered clinical data as well as psychometric and 
health status assessments completed at the time of enrollment.
Outcome Measures: We investigated the impact of clinical and psychological varia‐
bles on Leuven Knowledge Questionnaire for Congenital Heart Diseases health 
knowledge composite scores (HKCS). Variables with significant associations were 
considered in a stepwise multivariable regression model to determine which combi‐
nation of variables jointly explained variability in HKCS.
Results: Overall HKCS was associated with the number of prior cardiac surgeries 
(r = 0.273; 95% CI: 0.050‐0.467; P = .016), perceived stress (r = 0.260; 95% CI: 
0.033‐0.458; P = .024), SF‐36 emotional well‐being (r = −0.251; 95% CI: −0.451, 
−0.024; P = .030), history of noncardiac surgery (P = .037), cirrhosis (P = .048), and 
presence of implantable cardioverter‐defibrillator (P = .028). On multivariable mod‐
eling, only the number of cardiac surgeries was found to correlate with HKCS.
Conclusions: While univariate correlations were found between HCKS and several 
other clinical and psychological variables, only number of prior cardiac surgeries inde‐
pendently correlated with disease‐specific health knowledge in ACHD patients. These 
results suggest that clinical and psychological variables are not impediments to  
disease‐specific health knowledge.
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1  | INTRODUC TION

Innovation in the medical and surgical treatment of congenital car‐
diovascular anomalies has led to a marked improvement in outcomes, 
with almost 85% of patients surviving into adulthood.1 Increasing pa‐
tient lifespans and improved functionality have brought medicine into 
uncharted territory. Among many new concerns in the population of 
adults with congenital heart disease (ACHD) is the ability to provide 
self‐care in a health care environment that requires patients with 
chronic illnesses to become competent medical decision‐makers.2

To this end, ACHD patients may experience inherent disadvan‐
tages. Data show that the ACHD patient population has lower rates 
of high school graduation than the general population and increased 
psychological dependence on parents into adulthood.3-5 In an ef‐
fort to improve the quality and comprehensiveness of care in ACHD 
patients, exploring behavioral and environmental contributors to 
health outcomes in this group is warranted.

Several strategies to improve outcomes in patients with chronic 
health conditions take a patient‐centered approach based on the premise 
that patients who possess appropriate knowledge, motivation, behavior, 
and confidence can more effectively manage their own health.2,6,7 Such 
“activated” patients are more likely to receive preventive care, less likely 
to engage in high risk behaviors such as smoking or overeating, and have 
better health outcomes including fewer hospitalizations and emergency 
room visits.8 In ACHD specifically, we recently demonstrated that pa‐
tients prone to downplaying the impact of their illness are less likely to 
follow‐up at outpatient cardiology appointments.9 Measures to improve 
patient activation hold promise in ACHD, especially to aid in the tran‐
sition process from pediatric to adult care that is often associated with 
loss to medical follow‐up and the potential for clinical deterioration.10

Disease‐specific health knowledge (HK) has been shown to cor‐
relate well with patient activation. Working to better convey HK may 
lead to better‐informed patients and potentially to improved out‐
comes.11 Disease‐specific instruction presents a particular challenge in 
ACHD, however, given the broad diversity of congenital heart defects 
and the complexity of corrective procedures. Further, repetitive expo‐
sure to cardiopulmonary bypass and genetic intellectual limitation may 
limit the capacity of ACHD patients to acquire knowledge. In the pres‐
ent study, we evaluated relationship between clinical, psychological, 
and socioeconomic variables and HK in a population of ACHD patients.

2  | METHODS

We conducted a single‐center cross‐sectional analysis of patients with 
ACHD followed in the Center for Adults with Congenital Heart Disease 
at Washington University School of Medicine in Saint Louis. The 
study was approved by the institutional review boards at Washington 
University School of Medicine, the University of Missouri in Saint Louis 
and Baylor University Medical Center. Informed consent was obtained 
from each participant and the study protocol conforms to the ethical 
guidelines of the 1975 Declaration of Helsinki as reflected in a priori 
approval by each institution’s human research committee.

All participants were recruited during regular outpatient office 
visits with their established ACHD provider at Washington University 
School of Medicine between April 25, 2013 and October 15, 2014. 
At the time of their clinical visit, study participation was offered.

Participants were asked to complete a series of 12 validated psy‐
chometric questionnaires. The primary outcome of interest, HK, was 
assessed using the Leuven Knowledge Questionnaire for Congenital 
Heart Diseases (LKQCHD)—Version 2 English translation.12 In addi‐
tion, we included the following questionnaires: (1) an assessment of 
psychologically relevant demographic information; (2) The Perceived 
Stress Scale (PSS)13; (3) The Cardiac Denial of Impact Scale (CDI)14; (4) 
The Beck Depression Inventory‐Version II (BDI‐II)15; (5) The Barriers to 
Care Questionnaire16; (6) The Anxiety Sensitivity Index (ASI‐R)17; (7) 
The Multidimensional Scale of Perceived Support Scale (MSPSS)18; (8) 
The Beck Anxiety Inventory19; (9) The Early Life Stress Score20; (10) 
The Rand 36‐Item Short Form Health Survey (SF‐36)21; and (11) The 
Shipley‐2 assessment for overall cognitive ability.22 All questionnaires 
were self‐administered with the exception of the Shipley‐2, which re‐
quired supervision by a test administrator trained by a professor of psy‐
chology. Individuals were allowed to omit any question for any reason. 
Patients were given the option to complete the questionnaires in the 
clinic or to take the questionnaires home. Patients who completed the 
questionnaires in the clinic were provided a private room without inter‐
ruption and had a study staff member available for questions. Patients 
who elected to complete the questionnaires at home were provided 
with a self‐addressed and stamped envelope for return. Patients who 
completed questionnaires at home were required to complete the 
Shipley‐2 questionnaire in clinic at the time of enrollment. Patients 
who elected to complete the questionnaires at home were called twice 
in follow‐up if questionnaires were not received within 1‐2 months 
after enrollment. No compensation was provided for participation. 
Questionnaire responses were scored according to established scoring 
algorithms for each questionnaire as previously published.

Clinical variables were retrospectively collected via chart review 
by two physicians on the study team via retrospective review of the 
inpatient and outpatient medical records at Washington University 
School of Medicine. These clinical variables included (1) rate of outpa‐
tient visit compliance (defined as: [number of visits to which a patient 
arrived]/[number of visits for which a patient no‐showed + number of 
visits which a patient canceled + 1]); (2) degree of anatomic complex‐
ity; (3) presence of clinical cyanosis (defined as an oxygen saturation 
of <90% at a baseline outpatient visit); (4) cardiac diagnoses; (5) num‐
ber of years of follow‐up; (6) number cardiac surgeries; (7) history of 
noncardiac surgery (a dichotomous variable); (8) number and types of 
noncardiac diagnoses; (9) medications; (10) history of arrhythmia and 
type; (11) number of hospitalizations per year while followed in the 
Washington University ACHD clinic; (12) dates of and reasons for hos‐
pitalization; (13) most recent left ventricular ejection fraction (LVEF); 
(14) most recent right ventricular (RV) function; (15) presence and type 
of greater than mild valvular heart disease on most recent assessment; 
(16) presence of implantable cardiac defibrillator (ICD) and/or car‐
diac pacemaker (PPM); (17) patient age; (18) patient weight at most 
recent assessment; (19) gender; (20) creatinine clearance calculated  
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by the Cockcroft‐Gault equation; (21) history of cirrhosis; and (22) his‐
tory of smoking.

We considered both the total health knowledge composite score 
(HKCS) and each domain [components assessing knowledge of (1) 
the disease and its treatment; (2) the prevention of complications, 
including endocarditis; (3) physical activities; (4) heredity; and (5) 
contraception] of the LKQCHD as separate dependent variables. 
We used the reciprocal of each of these scores for analysis to af‐
ford a more intuitive interpretation, ie, higher scores indicate greater 
knowledge. We performed correlation analyses to determine which 
continuous clinical and psychological variables contributed to both 
the HCKS and individually to each domain of the LKQCHD. We uti‐
lized Spearman correlations to overcome skewed distributions and/
or outliers. To assess relations between dichotomous variables HK, 
we used the Wilcoxon rank‐sum test.

Variables with significant correlations (P values <.05) were then 
considered in a stepwise multivariable regression model to deter‐
mine which variables jointly contributed to variability in overall 
HCKS. The model was selected based on the corrected Akaike infor‐
mation criterion. The majority of continuous variables were skewed 
and are reported as median [quarter 1, quarter 3]; dichotomous 
variables are reported as frequencies (percentages). Results are pre‐
sented by domain. Analyses were performed with SAS version 9.4 
(SAS, Cary, North Carolina).

3  | RESULTS

Among 105 individuals who gave consent, 78 (74%) completed all 
questionnaires required for study inclusion. Participants who com‐
pleted the questionnaires were clinically similar to those who did 
not participate in all aspects except for age and compliance; the 
participants’ median age was 7 years older than nonparticipants 
and participants had a median compliance score 6.5 percentage 
points higher than nonparticipants. The median age of the 78 
participants was 42 [32, 51] years. Forty‐one (52.6%) participants 
were male and 72 (96.0%) were Caucasian. The median cognitive 
ability score, as measured via the Shipley‐2, was 92.6 [81.9, 102.7] 
points. The most common CHD lesion complexity was moderate 
(46.8%), while 21.5% were mild and 31.7% were severe. The rate 
of individuals meeting criteria for clinical depression was 14.1%. 
Complete demographic and clinical characteristics of the study 
participants are in Table 1.

Tables 2 and 3 detail associations between composite HKCS 
and the separate domains of the LKQCHD with clinical, psycho‐
logical and demographic variables with continuous variables in 
Table 2 and dichotomous variables in Table 3. HKCS was signifi‐
cantly associated with the number of cardiac surgeries (r = 0.273; 
95% CI: 0.050‐0.467; P = .016, perceived stress (r = 0.260; 95% 
CI: 0.033‐0.458; P = .024), and SF‐36 emotional well‐being  
(r = −0.251; 95% CI: −0.451, −0.024; P = .030). Correlations be‐
tween HKCS and patients’ Beck Anxiety Index (r = 0.206; 95% CI: 
−0.025‐0.414; P = .079), Beck depression index score (r = 0.195; 

95% CI: −0.036‐0.404; P = .096) and cardiac denial of impact scale 
score (r = 0.198; 95% CI: −0.031‐0.406; P = .088) trended toward 
statistical significance. There was no significant correlation be‐
tween HKCS and medical compliance. HKCS was not significantly 
associated with age, income, IQ, or level of education. Statistically 
significant differences in median HKCS were detected between 
those with and those without a history of a prior noncardiac sur‐
gery (0.63 [0.59, 0.69] vs. 0.58 [0.55, 0.62], respectively; P = .037), 
cirrhosis (0.76 [0.63, 0.83] vs. 0.61 [0.56, 0.68], respectively; 
P = .048), and implantable cardioverter‐defibrillator (0.58 [0.52, 
0.64] vs. 0.63 [0.57, 0.69], respectively; P = .028).

Each of the aforementioned statistically significant associations 
with HKCS was driven by a correlation with just one of the LKQCHD 
domains. For example, the number of cardiac surgeries showed 
a statistically significant correlation only with patients’ scores on 
the prevention of complications domain of the LKQCHD r = 0.317; 
P = .005). The only clinical or psychological variable found to cor‐
relate with more than one LKQCHD domain score was number of 
noncardiac diagnoses, though it did not significantly correlate with 
overall HKCS. 

We next built a multivariable model via stepwise selection using 
variables having significant relations with HKCS. This model iden‐
tified only one predictor, the number of cardiac surgeries, as inde‐
pendently associated with HKCS. This model accounted for only 6% 
of the variability in HKCS.

4  | DISCUSSION

These data add to the growing body of research exploring contribu‐
tors to ACHD patients’ understanding of their health. Our results 
indicate that an extensive list of clinical and psychological variables 
which have previously been assumed to correlate with HK fail to pre‐
dict HK in ACHD patients. These findings suggest that to improve 
HK acquisition in ACHD patients it may be necessary to focus on 
factors outside the patient such as care transition and disease‐spe‐
cific patient education.

Among the clinical variables found to be associated with HCKS, 
many were related to procedural history (number of cardiac and 
noncardiac surgeries) and clinical consequences of disease (cirrhosis) 
rather than the complexity of CHD lesions, imaging features, care 
coordination (frequency of follow‐up, compliance with follow‐up), 
or daily requirements for patient self‐care (number of medications). 
These findings may indicate that ACHD patients are more engaged 
in their health at times when they are focused on procedural risk or 
clinical deterioration. The associations with cardiac and noncardiac 
surgeries may be a manifestation of HK reinforcement periprocedur‐
ally when patients are compelled to explain their condition to non‐
cardiology specialists or consider how their ACHD may contribute to 
their overall procedural risk. These experiences may require prepa‐
ration on the part of the patient and increase overall disease‐spe‐
cific health knowledge. This finding supports prior data showing that 
personalized interaction prior to procedures improves the process 
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TA B L E  1  Patient characteristics (N = 78)

Variable

Count (%); 
median 
[25%, 75%]

Gender (male) 41 (52.6%)

Age (years) 42 [32, 51]

Race/ethnicitya

African American 2 (2.7%)

Caucasian 72 (96.0%)

Hispanic 1 (1.3%)

Educationa

High school or less 11 (14.7%)

Some college or greater 64 (85.3%)

Employment status

Disability 11 (14.7%)

Full‐time 41 (54.7%)

Part‐time 8 (10.7%)

Retired 12 (16.0%)

Unemployed 3 (4.0%)

Household income ≥ $75,000b 21 (30.4%)

Marrieda 45 (60.0%)

Religiona 61 (81.3%)

Lesion complexity

Simple 17 (21.8%)

Moderate 36 (46.2%)

Complex 25 (32.1%)

Smoker 4 (5.1%)

Cirrhosis 3 (3.9%)

Clinical cyanosis 5 (6.4%)

History of arrhythmia 55 (70.5%)

Valvular disease 28 (35.9%)

Presence of implantable cardioverter‐defibrillator 13 (16.7%)

Presence of permanent pacemaker 24 (30.8%)

Number of noncardiac diagnoses 3 [2, 6]

Number of cardiac surgeries 2 [1, 3]

History of noncardiac surgeryc 48 (78.7%)

Hospitalization rate per year while following with 
ACHD specialty care at Washington University

0.20 [0.06, 
0.54]

Follow‐up (years) 8.1 [4.3, 
15.6]

Compliance (%) 70.6 [62.5, 
82.4]

Creatinine clearance (ml/min) 109.9 [89.0, 
146.0]

Left ventricular ejection fraction (%) 55 [55, 64]

Right ventricular function

Normal right ventricle function 55 (70.5%)

Mild dysfunction 10 (12.8%)

(Continues)

Variable

Count (%); 
median 
[25%, 75%]

Moderate dysfunction 7 (9.0%)

Severe dysfunction 3 (3.9%)

Rudimentary/hypoplastic/no RV 3 (3.9%)

1/(health knowledge composite score) 0.61 [0.56, 
0.69]

1/(disease treatment score) 0.71 [0.63, 
0.80]

1/(prevention of complications) 0.59 [0.48, 
0.69]

1/(physical activity knowledge score) 0.50 [0.50, 
1.00]

1/(sexual heredity knowledge score) 0.50 [0.50, 
1.00]

1/(contraception knowledge score) 0.50 [0.33, 
0.50]

Depression (Beck Depression Inventory‐Version II 
score)d

Minimal (0‐13) 55 (74.3%)

Mild (14‐19) 8 (10.8%)

Moderate (20‐28) 7 (9.5%)

Severe (29‐63) 4 (5.4%)

Anxiety (Beck Anxiety Index Score)d

Minimal (0‐9) 50 (67.6%)

Mild (10‐16) 12 (16.2%)

Moderate (17‐29) 7 (9.5%)

Severe (30‐63) 5 (6.8%)

Psychometric measures

Shipley‐2 Score 92.6 [81.9, 
102.7]

Perceived Stress Score 32 [30, 34]

Cardiac Denial of Impact Scale 22 [18, 25]

Barriers to Care—Skill 92.9 [85.7, 
100]

Barriers to Care—Margin 97.7 [90.9, 
100]

Barriers to Care—Expected 96.4 [85.7, 
100]

Barriers to Care—KAB 100 [100, 
100]

Barriers to Care—Pragmatics 88.9 [83.3, 
97.2]

Acute Stress Index 22 [11, 37]

Perceived Support Scale—Total 6.3 [5.3, 7]

Perceived Support Scale—Significant Others 6.8 [5.8, 7]

TA B L E  1   (Continued)

(Continues)
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of informed consent and shared decision making.22 Considered in a 
different light, our finding that the number of cardiac surgeries pos‐
itively correlated with improved HK stands in contrast to the to the 
hypothesis that repeated episodes of cardiopulmonary bypass neg‐
atively impact patients’ intellect, insight, or capacity to be familiar 
with their disease, though the HCKS is a distinct intellectual con‐
struct from others previously used to explore this phenomenon.23-26 
Although we did not assess for correlations between Shipley‐2 
scores and any variable other than HK in the present study, partici‐
pants’ median score on the Shipley‐2 was within one standard devi‐
ation of the normed mean for the assay, which is within the ‘average’ 
range for assessed cognitive function.

The present study showed a weak, positive correlation be‐
tween HCKS and level of perceived stress as well as a weak, neg‐
ative correlation between HCKS and emotional well‐being. This 
contrasts with prior data showing that patients’ health‐related 
quality of life positively correlates with a good knowledge of their 
cardiac condition, feelings of optimism, adequate social support, 
and a strong sense of coherence.27 The present data seem to sup‐
port the hypothesis that patients might be more engaged when 
faced with anxiety associated with upcoming surgery or clinical 
deterioration and appear to support our previous findings in this 
patient group on the association between anxiety and medical 
compliance.9

The LKQCHD has been validated in prior studies as a means 
to assess ACHD patients’ understanding of their disease, its treat‐
ment, and measures to prevent complications.28-30 In its pilot 
study, patients of diverse educational background and lesion com‐
plexity were found to have sound knowledge regarding treatment 
regimen, frequency of follow‐up, appropriate dental practices, and 
risks of pregnancy. However, the same analysis found that ACHD 
patients had poor insight into symptoms of cardiac deterioration, 

the reasons underlying need for continued follow‐up, risk factors 
for endocarditis, and the use of intrauterine devices for contra‐
ception. Hence, patients appeared to understand the need for and 
value of appropriate care, but not the reasons underlying physi‐
cians’ recommendations. That study hinted at an absence of in‐
depth disease‐specific health knowledge in the ACHD population 
which may suggest an opportunity to improve patients’ health‐re‐
lated behaviors and outcomes.11 This knowledge gap should be 
considered when designing interventions to transition ACHD pa‐
tients from pediatric to adult care.28,30

Though others have demonstrated improvements in self‐per‐
ceived risk and general health knowledge after the transition 
from adolescence to young adulthood, the results of this study 
failed to show a relationship between HKCS and age or level of 
education.31 As ACHD patients become increasingly independent 
and accountable for their own care, it will become all the more 
important that they comprehend their unique disease processes 
for optimal health trajectories. While we failed to identify major 
associations between any psychological, clinical, or demographic 
factor and HK, these results are nevertheless informative. They 
imply that much of the variability in ACHD patients’ HK is not 
accounted for by traditional measures, and hint at the hypothesis 
that a systematic program of patient education might succeed in 
improving HK regardless of presumed health‐related intellectual 
or educational limitation.

This study suffers the limitations inherent to any cross‐sectional 
survey study. Self‐reporting may have led to errors a consequence 
of missing data or poor recall. Furthermore, approximately 65% 
of participants completed the questionnaires at home, and being 
in uncontrolled environments may have introduced bias into their 
answers. All clinical data were collected by chart review and it is 
possible that some data are incomplete or incorrect. As study par‐
ticipation was voluntary, there was opportunity for selection bias. 
Only patients who were believed to have the capacity to read and 
understand the questionnaires were included, effectively excluding 
individuals with significant intellectual limitations and potentially 
obscuring an association between intellectual capacity and HK. 
Although these issues are common to all studies of this kind, it may 
limit the generalizability of the results. Additionally, this work rep‐
resents only 78 participants, which limits both the power to detect 
associations, as well as the generalizability of the results. For exam‐
ple, participants in the present study had higher levels of education 
than in the general (ACHD) population. Correlations found in this 
analysis should be considered keeping in mind that the number of 
statistically significant correlations found is fewer than would be ex‐
pected by chance. In assessing multiple variables, it is quite probable 
that correlations found in the present study indeed occurred due 
to chance. This nevertheless may further reinforce the notion that 
HCKS does not correlate strongly with commonly measured vari‐
ables. Finally, the correlations identified in the present study cannot 
be used to make conclusions about causation, and are intended to 
be a starting point for future research.

Variable

Count (%); 
median 
[25%, 75%]

Perceived Support Scale—Family 6.3 [5.8, 7]

Perceived Support Scale—Friends 6 [5, 7]

Early Life Stress Score 4 [2, 6]

SF‐36 Physical Functioning Score 80 [50, 95]

SF‐36 Physical Limitations Score 100 [50, 100]

SF‐36 Emotional Limitations Score 100 [66.7, 
100]

SF‐36 Energy Level Score 65 [45, 75]

SF‐36 Emotional Well‐being Score 80 [60, 92]

SF‐36 Social Score 100 [75, 100]

SF‐36 Pain Score 90 [67.5, 
100]

SF‐36 General Health Score 60 [45, 75]

aMissing 3.  bMissing 9.  cMissing 17.  dMissing 4. 

TA B L E  1   (Continued)
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In conclusion, we found that HK did not correlate with intelli‐
gence, psychological variables, or lesion complexity in a small group 
of ACHD patients, but it was weakly correlated with number of car‐
diac surgeries. Future research should explore initiatives aimed at 
increasing and refining patient education to improve ACHD patients’ 
engagement and understanding in their health.
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