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ABSTRACT

Background: Adults with congenital heart disease (ACHD) have increased prevalence of mood and anxiety dis-
orders. There are limited data regarding the influence of the COVID-19 pandemic on the mental health and
health behaviors of these patients. Objective: The purpose is to evaluate the perceptions, emotions, and health
behaviors of ACHD patients during the COVID-19 pandemic. Methods: In this cross-sectional study of ACHD
patients, we administered surveys evaluating self-reported emotions, perceptions and health behaviors. Logistic
regressions were performed to determine the adjusted odds of displaying each perception, emotion and health
behavior based on predictor variables. Results: Ninety-seven patients (mean age 38.3 years, 46.4% female,
85.6% moderate or complex lesion) completed the survey. The majority of patients reported feeling moderately
or very sad (63.1%), and 48.4% of patients identified themselves as feeling moderately or very anxious. The major-
ity of patients perceived their risk of COVID-19 as moderate or high. Females were more likely to report feeling
sad and anxious (95% CI 1.06–10.96, p-value 0.039, and 95% CI 1.44–15.30, p-value = 0.012, respectively), and
were associated with higher odds of having a perceived increased risk of COVID-19 (95% CI 1.33–10.59, p-value
0.012). There was no association between ACHD anatomic or physiologic classification and perceptions, emotions
and health behaviors. Conclusions: Females were more likely to report feeling sad, anxious and an increased risk
of COVID-19 in comparison to males. These findings indicate the need for mental health support and promotion
of health behaviors during the pandemic amongst all ACHD patients, regardless of underlying condition.
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1 Introduction

Adults with congenital heart disease (ACHD) represent a heterogeneous, unique population with
lifelong complex medical problems, which often coincide with psychological challenges [1]. ACHD
patients have increased prevalence and risk of mood and anxiety disorders, as well as significantly higher
risk of post-traumatic stress disorders, which may be related to numerous hospitalizations, active medical
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needs and developmental challenges in childhood [1–3]. The 2018 ACC/AHA ACHD guidelines emphasize
the importance of mental health support and positive health behaviors to improve general and cardiovascular
health outcomes amongst this patient population [4].

The severe acute respiratory syndrome coronavirus 2 (COVID-19) pandemic has revealed
unprecedented challenges internationally, particularly amongst patients with chronic illness. Studies have
demonstrated that the COVID-19 pandemic is associated with distress, anxiety, fear, depression and
insomnia, and previous epidemics have been associated with increased suicide rates [5]. The
COVID-19 pandemic has led to an increase in sedentary behavior and a change in physical activity
during quarantine in the general population [6]. During the COVID-19 pandemic, children with
congenital heart disease were found to have fewer active lifestyles, as well as an increase in BMI, in
comparison to before the pandemic [7,8]. In a study of young ACHD patients in Switzerland, congenital
heart patients were more concerned about their health during the pandemic than their healthy peers [9].
Another study based in British Columbia found that a substantial proportion of ACHD patients reportedly
significant psychological distress during the pandemic [10].

While there are now more adults than children living with congenital heart disease due to advances in
medicine and surgery, there are limited data on the mental health and behaviors of ACHD patients during the
COVID-19 pandemic in the United States. The purpose of this study is to evaluate perceptions, emotions and
health behaviors during the COVID-19 pandemic on an ACHD cohort at a large academic medical center in
New York City, one of the first epicenters of the pandemic.

2 Methods

2.1 Study Recruitment
In this cross-sectional study, we included adults 18 years of age or older with a history of congenital

heart disease. Patients who were nonverbal, pregnant or had significant cognitive impairment were
excluded. Patients who met inclusion criteria were recruited through two methods. Patients were invited
to participate during routine clinic visits and patients received an email invitation with initial study
information. The study recruitment period was complete after 100 participants volunteered. Study
protocols were approved by the NYU Office of Science and Research Institutional Review Board
(study number i20-02053).

2.2 Data Collection
We administered surveys to explore patient self-reported emotions, perceptions, and health behaviors

during the pandemic. The survey questions were adapted based on two published surveys. The
Coronavirus Health Impact Survey (CRISIS) was developed during the pandemic to assess
COVID-19 relevant behavioral and social science domains, with proven feasibility, psychometric
structure, and construct validity [11]. The Health Behaviors Scale–Congenital Heart Disease is a tool that
has been utilized, validated and published amongst adults with congenital heart disease, notably in the
large, international APPROACH-IS study [12]. In our survey, the COVID-19 pandemic was defined as
starting in March 2020. To evaluate emotions, we included questions from the CRISIS survey that
utilized a Likert scale to assess self-reported range of emotions. To evaluate perception of physical health,
we included a question from the CRSIS survey that utilized a Likert scale. To evaluate perception of
patient’s COVID-19 risk, we developed a question using a Likert scale to range perception of
COVID-19 risk. To evaluate health behaviors, we included the questions in the Health Behaviors-Scale–
Congenital Heart Disease questionnaire dedicated to evaluating substance use and exercise [13].

Demographic data were obtained from the surveys and extracted through medical record review of EPIC
(Epic Systems, Verona, WI). The baseline data were obtained from EPIC from March 2019–2020. The
following demographic data points were collected via the institution’s electronic medical record: Age
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(years), gender, (male, female), weight (lbs.), body mass index (BMI), primary diagnosis of congenital heart
disease and type of repair, complexity of primary congenital heart disease diagnosis (simple, moderate,
complex), physiological classification of congenital heart disease based on ACHD guidelines (A,B,C or
D), NYHA functional classifications (I–IV), repaired (yes, no), age of most recent surgery and procedure,
co-morbidities (including clinical diagnosis of depression and clinical diagnosis of anxiety), current
medications, history of arrhythmia, hemoglobin, cyanosis (SpO2< 90%), systemic ventricle, diagnosis of
depression, diagnosis of anxiety.

2.3 Data Analysis
Baseline patient characteristics of the sample were examined using descriptive analyses and summarized

using frequencies and percentages. Logistic regressions with multivariate analysis were performed to
determine the adjusted odds of displaying each clinically significant outcome of emotions, perceptions,
and health behaviors based on predictor variables of age, sex, ACHD classification, education status,
employment, depression and anxiety. These predictor variables were selected based on the Approach-IS
trial, which looked at associations between similar predictor variables and health behaviors. This analytic
plan was based on the approach utilized in the international APPROACH-IS study, which looked for
associations between similar demographic variables and health behavior outcomes [12]. Statistical
significance was defined as p-value less than 0.05.

3 Results

3.1 Study Recruitment
Of the 80 participants invited to participate during their routine clinic visit, 78 volunteered to participate.

There were 2 patients who declined to participate; one patient reported he did not have time and the other
patient reported she was “too anxious” to complete a survey. In addition, a one-time email was sent to the
ACHD program patients who have an email address listed with an invitation to participate; the first
28 participants that expressed interest via email in participating in the survey were invited to participate.
No further participants were accepted as we had reached our sample goal. Three patients who expressed
interest via email did not meet inclusion criteria. Of the 25 interested participants, there were
19 participants that responded to follow up information regarding the consent process and then completed
the survey. There was a total of 97 participants.

3.2 Demographics
There were 45 (46.4%) female participants, and the average age of the participants was 38.3 years. Of

the participants, 85.6% had previously undergone open heart surgery (Table 1). Based on the ACC/AHA
ACHD 2018 anatomic classification system, our study included patients with simple (14.4%), moderate
(55.7%) and complex (29.9%) heart disease. Based on the ACC/AHA ACHD 2018 physiologic
classification system, the majority of patients in our study were class C (55.7%) functional status,
followed by class B (24.7%), class A (16.5%), and class D (3.1%) (Fig. 2). The most common diagnosis
was repaired tetralogy of Fallot (Fig. 1). There were 24 (24.7%) patients admitted to the hospital in the
year prior to the pandemic. Of the patients admitted, 12 (50%) of the patients were admitted for cardiac
reasons such as arrhythmia or heart failure exacerbation. At baseline, 35.1% of patients had a clinical
diagnosis of depression, 48.5% of patients had a clinical diagnosis of anxiety, and 36.1% were taking
anti-depressants. There were 18 patients who were suspected of having a COVID-19 infection
(10 patients had a positive test, 1 patient was diagnosed by a doctor without a test, and 7 patients had
symptoms but were unable to get tested).

This figure demonstrates the percentages of ACHD diagnoses of patients included in this study.
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Table 1: Baseline patient characteristics (N = 97)

Characteristic Frequency (N)

Demographics

Age
18–34
35 or above

52.6% (51)
47.4% (45)

Female 46.4% (45)

Lives alone 25.8% (25)

Education
High school or less
College (partial or completed)
Graduate Program (partial or completed)

21.7% (21)
54.6% (53)
23.7% (23)

Currently employed 62.9% (61)

ACHD characteristics

ACC/AHA anatomic classification
Simple
Moderate
Complex

14.4% (14)
55.7% (54)
29.9% (29)

ACC/AHA physiologic classification
A
B
C
D

16.5% (16)
24.7% (24)
55.7% (54)
3.1% (3)

NYHA functional classification
1
2
3
4

67.0% (65)
17.5% (17)
14.5% (14)
1.0% (1)

Prior open-heart surgery 85.6% (83)

Hospital admission in the past year 24.7% (24)

Co-morbidities

Depression 35.1% (34)

Anxiety 48.5% (47)

Diabetes 8.3% (8)

Cyanosis (SpO2 < 90%) 2.1% (2)

History of arrhythmia 47.4% (45)

Permanent pacemaker/Implantable cardioverter defibrillator 23.7% (23)

Biometrics

Systemic ventricle
Left ventricle
Right ventricle

89.7% (87)
10.3% (10)

(Continued)
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Table 1 (continued)

Characteristic Frequency (N)

BMI
<18.5
18.5–24.5
25–30
30.1 or above

2.0% (2)
43.3% (42)
32.0% (31)
22.7% (22)

Medications

ACEi/ARB 37.1% (26)

Beta blocker 45.4% (44)

Diuretic 25.8% (25)

Antiplatelet or anticoagulation 66.0% (64)

Psychiatric medications* 36.1% (36)
Note: *The three most common psychiatric medications were Selective Serotonin Reuptake Inhibitors,
Benzodiazepines, and Serotonin and Norepinephrine Reuptake Inhibitors.

Figure 1: Distribution of ACHD diagnoses
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This figure demonstrates the breakdown of patients in the study by ACC/AHA ACHD 2018 anatomic
and physiological classification system, and New York Heart Association Functional Classification system.

3.3 Perceptions and Emotions
Patients identified their self-rated physical health most commonly as “good” (49.5%). The majority of

patients perceived their risk of COVID-19 as moderate or high (79.4%). The majority of patients reported
feeling moderately or very sad (63.1%), and 48.4% of patients identified themselves as feeling
moderately or very anxious (Table 2).

Figure 2: Distribution of anatomic, physiological and NYHA classifications

Table 2: Patient perceptions and emotions during the COVID-19 pandemic

Category Frequency (N)

Self-rated physical health

Excellent 9.3% (9)

Very good 23.7% (23)

Good 49.5% (48)

Fair 13.4% (13)

Poor 4.1% (4)

Self-reported suspected COVID-19 Infection (March-May 2020) 18.6% (18)

Perceived risk of COVID-19

High 45.4% (44)

Moderate 34.0% (33)

Low 18.6% (18)

None 2.1% (2)

Self- reported feeling sad

Very sad 31.1% (3)

Moderately sad 32.0% (31)

Neutral 35.1% (34)

Moderately happy 21.7% (21)

Very happy 8.3% (8)

Self-reported feeling anxious

Very calm 8.3% (8)

Moderately calm 16.5% (16)

Neutral 26.8% (26)

Moderately anxious 30.9%( 30)

Very anxious 17.5% (17)
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3.4 Health Behaviors
There were 26.8% of patients that reported frequent alcohol use. Of the 66 patients (68.0%) who

reported drinking alcohol, 14 (21.2%) reported drinking 4 or more times per week and 18 (27.3%)
reported having at least 3 drinks at a time. There were 34.0% of patients that reported drug use (the
majority of drug use was marijuana). During the COVID-19 pandemic, 50.5% of patients reported they
participated in regular exercise (Table 3). Fig. 3 summarizes the emotions, perceptions and health behaviors.

This figure demonstrates the patient responses to questions regarding emotions, perceptions and
behaviors.

3.5 Perceptions and Emotions by Predictor Variables
Females were more likely than males to report feeling sad and feeling anxious (95% CI 1.06–10.96 with

p-value 0.039, and 95% CI 1.44–15.30 with p-value = 0.012, respectively). There were associations between
status of employment, education level and feeling sad. There was no association between ACHD anatomic
and physiologic classification and perceived COVID-19 risk. However, female sex was associated with
higher odds of having a perceived high risk of COVID-19 (95% CI 1.33–10.59; p-value 0.012; see Table 4).

Table 3: Self-reported health behaviors during the COVID-19 pandemic

Behavior Frequency (N)

Frequent alcohol use* 26.8% (26)

Smoking cigarettes 7.2% (7)

Drug use 34.0% (33)

Regular exercise 50.5% (49)
Note: *Defined as drinking alcohol two or more times per week.

Figure 3: Key takeaways of perceptions, emotions and health behaviors
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3.6 Health Behaviors by Predictor Variables
Having a college or higher education was associated with higher odds of frequent alcohol use but

also with regular exercise (95% CI 1.02–36.69 with p-value = 0.048 and 95% CI 1.32–19.14 with
p-value = 0.018, respectively). There was no significant relationship between ACHD classification and
health behaviors (see Table 5).

Table 4: Associations between baseline patient characteristics and patient perceptions and emotions

Characteristic Self-reported feeling sad Self-reported feeling anxious Perceived high risk of
COVID-19

Adjusted OR
[95% CI]

p-value Adjusted OR
[95% CI]

p-value Adjusted OR
[95% CI]

p-value

Age ≥ 35 years 0.74 [0.26–2.14] 0.580 0.56 [0.20–1.58] 0.275 1.37 [0.54–3.47] 0.512

Female 3.42 [1.06–10.96] 0.039 4.70 [1.44–15.30] 0.010 3.76 [1.33–10.59] 0.012

Anatomic class*moderate 0.54 [0.11–2.62] 0.447 0.85 [0.18–4.01] 0.838 2.74 [0.68–11.03] 0.156

Anatomic class*complex 0.29 [0.04–1.83] 0.185 0.60 [0.10–3.56] 0.576 1.12 [0.22–5.85] 0.891

Physiologic class C or D** 2.01 [0.62–6.45] 0.243 1.76 [0.58–5.29] 0.316 1.18 [0.44–3.15] 0.739

College educated or
higher ***

5.41 [1.16–25.37] 0.032 3.20 [0.81–12.63] 0.096 1.15 [0.35–3.81] 0.814

Employed 0.29 [0.09–0.91] 0.033 0.49 [0.16–1.44] 0.194 1.04 [0.38–2.86] 0.935

Baseline diagnosis of
depression

2.93 [0.77–11.12] 0.114 2.80 [0.73–10.75] 0.133 1.81 [0.50–6.62] 0.368

Baseline Diagnosis of Anxiety 2.43 [0.65–9.13] 0.188 2.44 [0.69–8.66] 0.168 0.35 [0.10–1.22] 0.098
Notes: *In comparison to anatomic classification simple. **In comparison to physiologic classification A or B. *** In comparison to high school or
less.

Table 5: Associations between baseline patient characteristics and health behaviors

Characteristic Frequent alcohol use+ Cigarette or drug use Exercise regularly

Adjusted OR [95%
CI]

p-value Adjusted OR [95%
CI]

p-value Adjusted OR [95%
CI]

p-value

Age ≥ 35 years 0.82 [0.27–2.45] 0.722 0.69 [0.26–1.79] 0.442 0.68 [0.26–1.78] 0.432

Female 1.19 [0.37–3.79] 0.775 0.75 [0.26–2.14] 0.587 0.68 [0.24–1.92] 0.470

Anatomic class* -moderate 0.40 [0.08–1.96] 0.259 1.16 [0.26–5.13] 0.849 1.12 [0.26–4.84] 0.882

Anatomic class* -complex 0.55 [0.09–3.47] 0.528 1.66 [0.30–9.33] 0.565 1.30 [0.23–7.22] 0.767

Physiologic class C or D** 1.14 [0.37–3.53] 0.819 0.75 [0.27–2.08] 0.580 0.54 [0.20–1.49] 0.233

College educated or
higher ***

6.11 [1.02–36.69] 0.048 0.42 [0.12–1.49] 0.178 5.02 [1.32–19.14] 0.018

Employed 0.61 [0.19–2.02] 0.422 1.16 [0.42–3.24] 0.778 0.97 [0.35–2.73] 0.955

Baseline diagnosis of
depression

5.23 [1.09–25.11] 0.039 1.39 [0.41–4.71] 0.597 1.19 [0.34–4.09] 0.787

Baseline diagnosis of anxiety 0.31 [0.07–1.43] 0.133 2.89 [0.86–9.76] 0.087 0.80 [0.24–2.65] 0.718
Notes: *In comparison to anatomic classification simple. **In comparison to physiologic classification A or B. *** In comparison to high school or
less. +frequent alcohol use is defined as drinking alcohol two or more times per week.
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4 Discussion

Our study investigates perceptions, emotions and health behaviors during the COVID-19 pandemic in a
diverse population of ACHD patients, of whom the majority were moderate anatomic complexity and classes
B or C physiologic stage. The majority of patients were neither happy nor calm, reinforcing the need for
increased mental health resources and collaboration with social work to support ACHD patients during
the pandemic [14].

While the majority of patients perceived themselves to be in at least good physical health, most patients
reported their risk of COVID-19 to be moderate or high. Interestingly, there was no association between
ACHD anatomic, or physiologic classification and perception of COVID-19 risk. A recent large
international registry of COVID-19 in ACHD patients demonstrated that the most vulnerable populations
to COVID-19 were those with worse physiological stage (of note, this study defining high-risk groups
was not published at the time this survey was conducted). According to this registry, patients with the
following conditions had a 15% or greater chance of having severe case of COVID-19 or fatality:
Eisenmenger physiology, cyanosis (SpO2 < 90%), pulmonary arterial hypertension, congenitally corrected
transportation of the great arteries and transposition of the great arteries s/p atrial switch [15]. These
high-risk patients were not any more likely to perceive themselves as at an increased risk from
COVID-19 in our study. A study with a slightly older cohort of ACHD patients in Canada also found no
consistent trend in responses with regard to ACHD anatomic or physiologic classification [10]. Prior
studies have demonstrated deficits among ACHD patients in awareness and knowledge about their
congenital heart disease, which has been attributed to difficulty in care transitions and being lost to
follow-up [16]. This lack of awareness may also impact their understanding of their risk related to
COVID-19. At the time of initiation of the survey, per CDC, patients with heart disease may be more
likely to have severe infection from COVID-19, but there was not data specifically for ACHD patients
and COVID-19 readily available. The lack of correlation between ACHD anatomic or physiologic
classification and perception of COVID-19 risk suggests that there are other factors influencing one’s risk
perception beyond their underlying condition.

Females with ACHD were more likely to perceive themselves as having a high risk of COVID-19 in
comparison to males with ACHD. The female sex was also associated with higher odds of feeing sad or
anxious in comparison to males. These findings are consistent with studies of the ACHD population prior
to COVID-19, which have shown that female sex is more likely to be associated with anxiety symptoms
[10,17,18]. Women may be more likely to perceive their own need for and seek mental health support,
which may impact their self-awareness and self-reporting [19]. During the pandemic, women may have
had a greater disruption in their everyday life. The increased burdens of childcare and housework
disproportionately affected women, as well as a persistent reduction in employment and increased
likelihood of job loss and income reduction amongst women [20–22].

There was no significant relationship between ACHD anatomic or physiologic classification and health
behaviors including regular exercise and substance use; health behaviors were instead associated with
demographics such as level of education. In our study, 50.5% of patients reported participation in regular
exercise during the pandemic. The APPROACH-IS trial, a multicenter, international study of over
4000 patients with ACHD that utilized the Health Behaviors-Congenital Heart Disease surveys,
demonstrated that only 34% of ACHD patients in the US subgroup reported participation in sports.
Higher education level was associated with higher odds of regular exercise in both studies [12]. The
pandemic allowed many individuals to work from home, follow adjusted schedules and reduce
commuting time, which may have allowed more time for exercise. Our study also showed that employed
individuals were less likely to feel sad. The portion of the Approach-IS study focusing on quality of life
found that lack of employment was associated with lower quality of life as well [23].
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We also found that higher education was associated with higher odds of frequent alcohol use. In the
literature, the relationship between education level and alcohol use varies, depending on the type of
alcohol use, definition of frequent alcohol use, and the sample of participants [24,25]. One small study on
health behaviors prior to the pandemic in a young ACHD cohort showed that over half of young adults
reported significant substance use, with 41% of ACHD patients using marijuana, 81% of patients using
alcohol, and 44% of patients binge drinking [26]. Drug and alcohol use in the ACHD population is
concerning due to the arrhythmogenic potential of marijuana and myopathic, hepatotoxic and
arrhythmogenic effects of alcohol in ACHD patients [26].

We reviewed studies of the impact of COVID-19 on the general population to compare findings to our
data amongst ACHD patients, although not a direct comparison. The Coronavirus health and Impact Survey
(CRISIS), which was also used in the general population of almost 2,000 adults in the US and UK during the
pandemic, demonstrated associations between the female gender and feelings and moods, similar to our
study [11]. COVID-19 worries were the first (UK) or second (US) most important predictor of current
mood states amongst adults, which suggest that fear and worry about COVID-19 are significant factors
impacting adverse mental health outcomes [11]. Another study of greater than 1000 US adults found
unemployment to be associated with symptoms of depression and stress [27]. Interestingly, our study
seemed to have relatively high exercise rates during the pandemic, while other studies of adults generally
showed decreased physical activity and increased sedentary lifestyle [28,29].

Our study did not demonstrate a statistical correlation between baseline diagnosis of depression and self-
reported feeling sad. We suspect many of our patients with anxiety and depression may be well managed and
receiving treatment, as 35.1% of patients had depression at baseline, 48.5% had anxiety at baseline, and
36.1% were taking an anti-depressant agent. These baseline rates are similar to prior studies in the ACHD
population; one review reports 24% of ACHD patients have depression and 38% have anxiety [1].
Additionally, when the baseline diagnoses of depression and anxiety were combined together for
statistical analysis, there was a strong correlation between baseline mental health condition diagnosis and
feeling sad/anxious. Further studies should also evaluate the association between COVID-19 risk
perception and depression and anxiety, as COVID-19 worries, and pandemic-associated life changes are
noted to be drivers of adverse mental health outcome [11].

5 Limitations

This study is limited by its small sample size and lack of serial measures. While there is data regarding
health behaviors and emotions of ACHD patients from pre-COVID-19 and data during the pandemic in the
general population, we do not have data on this specific cohort prior to the pandemic to use as a comparison
point. We also acknowledge the limitations of the self- report and recall biases. There is self-report bias in
reporting substance use, and patients may want to present themselves in a positive light and therefore
downplay their poor health behaviors, although anonymity was assured. Additionally, there was a
selection bias, as a majority of patients in the study were recruited via clinic visit. Patients who do not
attend routine clinic visits may have responded differently to questions than those who do. Patients who
expressed interest via email may also respond differently to questions than those who did not express
interest in participating in a voluntary survey.

6 Conclusion

This study is the first to investigate health behaviors, in addition to perceptions and emotions, of ACHD
patients in New York City during the pandemic. Many of our ACHD patients reported feeling moderately to
severely sad and depressed during the pandemic. While the majority of patients perceived themselves to be in
at least good physical health, most patients reported themselves to be at a higher risk of COVID-19. There
was no association between ACHD anatomic or physiologic classification and emotions, perceptions or
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behaviors; instead, outcomes were more likely to be influenced by gender and other demographic
characteristics. Females with ACHD were more likely to report feeing sad or anxious and perceive
themselves as having a high risk of COVID-19 in comparison to males. These findings indicate the need
for further evaluation and promotion of referral to mental healthcare when appropriate. ACHD clinicians
play an important role in increasing patient awareness and knowledge about their condition and
associated risks in relation to COVID-19. In our ACHD clinical practice, we augmented the mental health
support and initiatives that we offer during the COVID-19 pandemic through a streamlined referral
system to ACHD social work and mental health providers, a virtual support group, and a peer mentorship
program to match patients to likeminded individuals. The next step would be a follow up study to
evaluate the efficacy of these initiatives. We encourage ACHD providers to adapt health promotion and
intervention efforts to improve optimal health behaviors and offer additional mental health support during
the pandemic amongst all ACHD patients, regardless of underlying condition.
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