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Abstract

Background: Increasing numbers of patients have recovered from severe coronavirus disease 2019 (COVID-19) in Wuhan, China.

This study aimed to evaluate the association of psychological distress with resting palpitations in those recovered patients.

Methods: In this prospective cohort study, consecutive patients who recovered from severe COVID-19 and complained of resting

palpitations were included. Dynamic electrocardiogram (ECG) was continuously monitored for 2 hours while patients were at

rest. A survey using palpitation frequency scale and the Hospital Anxiety and Depression Scale (HADS) was administrated

to all participants. Results: Of the 289 consecutive patients recovering from severe COVID-19, 24 patients (8.3%) suffered

resting palpitations symptoms, and 22 patients were finally included. Dynamic ECG monitoring showed that 18 (81.8%)

patients had tachyarrhythmias, of which, the most common was sinus tachycardia (17/22, 77.3%). However, patients with sinus

tachycardia showed a similar frequency of palpitations episodes compared to those without sinus tachycardia. Anxiety (68.2%)

and depression (59.1%) were prevalent among these recovered patients. Patients with anxiety or depression symptoms were

respectively associated with a higher frequency of palpitations episodes than those without. In addition, both HADS-anxiety

score (r =0.609, P<0.01) and HADS-depression score (r =0.516, P=0.01) were positively related to the frequency of palpitations

episodes, respectively. Conclusion: Symptom of resting palpitations, manifested mainly by sinus tachycardia, is not uncommon

in patients recovering from severe COVID-19. Psychological distress (anxiety and depression) may be responsible, at least in

part, for the resting palpitations symptoms.

Introduction

In late December 2019, several cases of pneumonia of unknown origin have been reported in Wuhan, Hubei
province, China 1, 2. Subsequently, a novel coronavirus was identified by the Chinese Center for Disease
Control and Prevention 3, and was named severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) by
the World Health Organization (WHO). SARS-CoV-2 has robust capacity for human-to-human transmission.
A large number of patients were confirmed to been infected by the coronavirus disease 2019 (COVID-19) in
Wuhan in the early stage of COVID-19 outbreak4. The Chinese government took unprecedented measures
such as lockdown of the city, contact tracing, and building Fangcang shelter hospitals to curb the COVID-19
outbreak. Due to the government’s great efforts, the COVID-19 epidemic situation in Wuhan was rapidly
and effectively controlled. More and more patients recovered from COVID-19 and were discharged from
hospitals. However, approximately half of the recovered COVID-19 patients still suffered from various
clinical symptoms 5, of which, symptom of resting palpitations was not rare.

Recently, several studies have focused on the mental health in COVID-19 patients. The results found that
a majority of the infected patients experienced various mental disturbances during hospitalization and even
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after discharge 6. Anxiety and depression were common mental health problems in COVID-19 patients,
especially in these severe cases associated with worse outcomes and longer hospital stay7.

It is well accepted that psychological distress is one of the most common causes for palpitations symptoms and
is associated with the symptom severity 8, 9. Therefore, measures of psychological distress can complement
medical assessment in the diagnosis of patients with palpitations 10. However, few studies have paid attention
to the psychological distress in recovered COVID-19 patients with resting palpitations. The aim of the
present study was to investigate the prevalence of anxiety and depression, and their association with the
frequency of palpitations episodes in patients who recovered from severe COVID-19 and complained of resting
palpitations.

Methods

Participants

This single center, prospective, cohort study was performed at the Hankou Hospital in Wuhan City, China.
Consecutive patients who recovered from severe COVID-19 and complained of resting palpitations symptoms
from February 1 to April 1, 2020, were included.

The severe cases of COVID-19 were defined by the presence of any of the following 11: shortness of breath
and the respiratory rate > 30 breaths/min; oxygen saturation [?] 93%; partial pressure of oxygen to fraction
of inspire oxygen ratio [?] 300 mmHg; lung infiltrates > 50% within 24 to 48 hours; respiratory failure;
septic shock; and/or multiple organ dysfunction or failure. All the recovered COVID-19 patients met the
discharge criteria as follows11: afebrile for at least three days, respiratory symptoms significantly improved,
improvement in the radiological abnormalities on chest radiograph or CT, and two consecutive negative
SARS-CoV-2 tests more than 24 hours apart. Patients who refused to participate in this study were excluded.

The study protocol was approved by the ethics committee of Renmin Hospital of Wuhan University and
Wuhan Hankou Hospital. Written informed consents were obtained from all the individuals who participated
in this study.

Data collection

Patient data, including demographics, medical history, clinical manifestations, laboratory examinations,
comorbidities, complications, and hospital stay were collected from the electronic medical records by a
trained team of physicians. All the data were independently reviewed. Acute respiratory distress syndrome
was defined according to the Berlin Definition 12. Acute myocardial injury was defined as blood level
of cardiac biomarker cTnI increased above the 99th percentile upper reference limit13. Acute liver injury
was defined as liver enzymes and/or bilirubin were more than twice the upper reference limit13. Acute
kidney injury was identified according to the Kidney Disease: Improving Global Outcomes definition14.
Coagulopathy was defined as a 3-s extension of prothrombin time or a 5-s extension of activated partial
thromboplastin time 13.

Electrocardiogram (ECG) monitoring

A 12-lead ECG monitoring was continuously performed for 2 hours using a Holter monitor (CT-86, Baihui,
Hangzhou City, China) in all enrolled participants. All patients lied on the bed quietly with no drink or
food since 15 minutes before the monitoring until completion of the monitoring. Holter software was used
to analyze the heart rate and arrhythmias. Sinus tachycardia was defined as an increase in sinus rhythm to
>100 beats/min. Atrial tachycardia was defined as 3 or more consecutive atrial premature contraction. All
ECG data were manually examined by two unsuspecting observers and arbitrated by electrophysiologists for
any suspicious event classification.

The frequency of palpitations episodes scale

All participants completed a 7 point rating scale of the frequency of their palpitations episodes: 1=rarely
(about once or twice a day), 2=sometimes (3-5 times a day), 3=more than 5 times a day but less than

2
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once an hour, 4=about once or twice an hour, 5= 3-5 times an hour, 6=more than 5 times an hour but not
sustained, and 7=sustained. A higher palpitation score indicates a higher frequency of palpitations episodes.

The Hospital Anxiety and Depression Scale (HADS)

HADS was a widely used scale for determining anxiety (HADS-A) and depression (HADS-D) in the clinical
setting. It comprises of 14 items with a score of 0 to 3 for each item. There is a total score of 21 for anxiety
(7 items) and depression (7 items), respectively. The cut-off for clinical anxiety or depression was defined as
HADS-A or HADS-D score [?] 8, respectively. A higher score indicates greater anxiety or depression levels.

Statistical analysis

The continuous and categorical variables are represented as the median (interquartile range [IQR]) and as
counts (percentage), respectively. The means for continuous variables were compared using independent-
sample t tests when the data were normally distributed; otherwise, the Mann-Whitney test was used. The
associations of maximum heart rate, HADS-A score, and HADS-D score with palpitation score were analyzed
by Pearson’s correlation. All data is analyzed using SPSS version 20.0 (SPSS, Chicago, Illinois). The
differences were considered statistically significant at a P value of < 0.05 (two-sided).

Results

Patient characteristics

A total of 289 consecutive patients recovering from severe COVID-19 were screened initially, from February
1 to April 1, 2020. Figure 1 shows a flowchart for patient recruitment. Of them, 24 patients (8.3%) suffered
different degrees of palpitation symptom. After excluding 2 patients who refused to provide informed consent,
22 patients were included in this prospective, cohort study.

The details of all the characteristics were presented in the Table1. In total, the median age was 52 years
(IQR, 44-62 years), 12 (54.5%) patients were female, and the median length of hospital stay was 24 days
(IQR, 19-28 days). Half of these patients had chronic diseases, including 8 (36.3%) with hypertension, 3
(13.6%) with diabetes, 3 (13.6%) with chronic renal disease, 2 (9.1%) with coronary heart disease, 1 (4.5%)
with chronic heart failure, 1 (4.5%) with chronic obstructive pulmonary disease, and 1 (4.5%) with cancer.
Many patients presented with organ function damage during hospitalization, including 4 (18.2%) with acute
respiratory distress syndrome, 4 (18.2%) with acute myocardial injury, 3 (13.6%) with acute liver injury, 2
(9.1%) with acute renal injury, and 2 (9.1%) with coagulopathy. For treatment, 19 (86.4%), 17 (77.3%),
15 (68.2%) and 15 (68.2%) patients, respectively, received antiviral drugs, antibiotics, glucocorticoids, and
immunoglobulin. 4 (18.2%) patients used non-invasive ventilator mechanical ventilation, and 1 (4.5%) patient
received continuous renal replacement therapy. No patients underwent invasive mechanical ventilation or
extracorporeal membrane oxygenation.

Analysis of dynamic ECG monitoring

Two hours dynamic ECG monitoring showed that 18 (81.8%) patients had cardiac arrhythmias. Figure 2A-
D showed representative ECG examples of cardiac arrhythmias. The most common arrhythmia was sinus
tachycardia which occurred in 17 (77.3%) patients. The median maximum heart rate during monitoring
was 108.5 bpm (IQR, 101-114 bpm). However, patients with sinus tachycardia showed a similar palpitation
score with those without sinus tachycardia (median [IQR], 3 [2.5-4] vs 2 [1.5-3.5], P =0.23) (Figure 3A). In
addition, there was no significant relationship between maximum heart rate and palpitation score among
the 22 patients (r =0.323; 95% CI, -0.11-0.66;P =0.14) (Figure 3B). Other arrhythmias included atrial
premature contraction in 2 (9.1%) patients, atrial tachycardia in 1 (4.5%) patients, and ventricular premature
contraction in 1 (4.5%) patients. No bradyarrhythmias were detected.

Palpitation score, HADS score, and the correlations between them

The medians of the participants’ palpitation score, HADS-A score, and HADS-D score were 3 (IQR, 2-4),
9.5 (IQR, 6.75-14), and 8 (IQR, 5-10.25), respectively. Among the 22 patients, 15 (68.2%) had anxiety
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symptoms (HADS-A [?] 8), and 13 (59.1%) had depression symptoms (HADS-D [?] 8) (Table 1). Patients
with anxiety symptoms (HADS-A [?] 8) were associated with higher palpitation score when compared with
those without anxiety (median [IQR], 3 [3-4] vs 2 [1-3],P =0.01) (Figure 4A). Similarly, the palpitation
score was also significantly higher in patients with depression (HADS-D [?] 8) than those without depression
(median [IQR], 3 [3-4.5] vs 2 [1-3],P =0.02) (Figure 4B). In addition, both HADS-A score (r=0.609; 95%
CI, 0.25-0.82; P <0.01) and HADS-D score (r =0.516; 95% CI, 0.12-0.77; P =0.01) were positively related
to palpitation score (Figure 5A-B).

Discussions

To our knowledge, this is the first study to investigate the correlation between psychological distress and
resting palpitations in patients recovering from severe COVID-19. The major findings of the present study
are as follows: (1) symptom of resting palpitations is not uncommon (8.3%) among patients recovering from
severe COVID-19; (2) sinus tachycardia is the most common (77.3%) arrhythmia in the recovered patients
with resting palpitations; (3) anxiety (68.2%) and depression (59.1%) are also prevalent among these patients,
and strong correlations were observed between the psychological burden and the frequency of palpitations
episodes.

In this prospective cohort study, we found that 24 (8.3%) of 289 patients had resting palpitations symptoms.
It should be noted that all the included patients denied having previous similar episodes of palpitations.
Palpitations symptoms occurred during hospitalization and remained after recovery from severe COVID-19.

Palpitation is a common symptom, and often poses a clinical challenge due to the wide differential diagnosis
15. Cardiac arrhythmias and psychological distress are the most common causes in patients presenting
with palpitations 8. The results of two-hour resting ECG monitoring in this study showed that the large
majority of the enrolled patients (81.8%) had cardiac arrhythmias. Among them, the most common was
sinus tachycardia (77.3%). However, patients with sinus tachycardia had a similar frequency of palpitations
episodes compared to those without sinus tachycardia, suggesting that there might be other factors, in
addition to sinus tachycardia, affecting the palpitations episodes. All the recovered patients did not have
any active diseases that might cause sinus tachycardia, such as thyroid dysfunction, haematological disorders,
and severe heart failure (left ventricular ejection fraction <30%). Nevertheless, it was a pity that pulmonary
function was not evaluated in the present study since this examination was not opened to COVID-19 patients
in our hospital, even to those just recovered. Indeed, impaired pulmonary function has been reported in
recovered COVID-19 and severe acute respiratory syndrome (SARS) patients, and affected patients’ exercise
capacity 16, 17. However, none of the enrolled participants complained of any shortness of breath or dyspnea
when they were at rest. Therefore, we speculated that the effects of impaired pulmonary function on the
resting palpitations symptoms were negligible.

As described above, in addition to arrhythmias, psychological distress is another common cause of palpi-
tations. The prevalence of anxiety and depression was detected by using HADS-A and HADS-D in this
study, respectively. The results showed that 68.2% of patients show anxiety symptoms (HADS-A [?] 8),
while 59.1% show depression symptoms (HADS-D [?] 8). Given the relatively high mortality rate associated
with this novel disease, it was not surprising that substantial panic and stress were caused in the early stage
of COVID-19 outbreak. Actually, several studies in China have investigated the mental problems in not
only COVID-19 patients 18, 19, but also those COVID-19 negative 20, and the healthcare workers21. They
also reported that people in Wuhan or Hubei province were prone to higher levels of psychological distress
than those in other regions of China 20. Female sex, disease duration, levels of inflammatory markers and
self-perceived illness severity were proposed to be the factors that could predict the severity of patients’
mental symptoms 19. In the present cohort study, all patients recovered from severe COVID-19 in Wuhan,
China, with high incidence of various complications (54.5%) and with very long hospital stay (median [IQR]
24 days [19-28 days]), which might lead to both physical deconditioning and psychological distress.

Psychological distress, such as anxiety and depression-related symptomatology, was frequent among patients
with a complaint of palpitation. Alijaniha et al. 9 showed that 85.4% of the patients with palpitations
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had psychological disorders and this frequency was twice that of the healthy group (43.6%). Another study
investigating the etiologies of palpitations suggested that up to a third of the patients presenting with
palpitations were finally identified to be caused by psychological disorders 22. On the other hand, symptom
of resting palpitations was also one of the most common somatic symptoms associated with anxiety and
depression23. A recent study by Yuan et al. 24found that somatic symptoms are related to the levels of
anxiety during the early stage of the COVID-19 outbreak. Consistently with previous studies, we have
found that patients with anxiety/depression had a higher frequency of palpitations episodes when compared
to those without. Moreover, a close positive correlation between the levels of anxiety/depression and the
frequency of palpitations episodes was observed in the present study. These findings suggested that anxiety
and depression might be responsible, at least in part, for the resting palpitations symptoms in recovered
COVID-19 patients. Importantly, a recent retrospective study from Mayo Clinic showed that anxiety and
depression are the most common comorbid conditions in patients with inappropriate sinus tachycardia 25,
proposing a possible link between psychological distress and sinus tachycardia.

Limitations

Our study has several limitations. First, accumulating evidence has shown that a minority of COVID-19
patients were associated with cardiac complications, including acute myocardial injury, acute myocardial
infarction, as well as myocarditis 26-27, which might result in cardiac structural and electrical changes,
causing arrhythmias and palpitations symptoms. However, these effects were not investigated in this study,
as only 4 of the enrolled patients had mild elevation of high-sensitive troponin I. Second, since only a small
number of patients received psychological guidance due to the relatively limited trained psychiatrist, the
therapeutic effects of psychological counseling on palpitations symptoms were not evaluated in the present
study. Third, the sample size of the study was too small. Studies with larger populations and in multiple
centers are warranted.

Conclusions

Symptom of resting palpitations, manifested mainly by sinus tachycardia, is not uncommon in patients re-
covering from severe COVID-19. Anxiety and depression may contribute, at least in part, to the resting
palpitations symptoms. Since the accurate etiology leads to an effective treatment, it is highly recommended
that psychiatric assessments should be performed in the recovered COVID-19 patients with resting palpita-
tions after a negative evaluation by a cardiologist. In addition, previous studies in recovered SARS patients
have shown that palpitations symptoms may last for a long time after discharge 27. Future studies are
warranted to evaluate whether psychological guidance could shorten the course of palpitations symptoms in
the recovered COVID-19 patients.

Source of Funding:The foundation of Xinjiang Science and Technology Support Project (2020E0274).
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Figure legends

Figure 1 Flowchart of participant selection . COVID-19=coronavirus disease 2019.

Figure 2 Representative ECG examples of cardiac arrhythmias , including sinus tachycardia (ST) (A), atrial
premature contraction (APC) (B), atrial tachycardia (AT) (C), and ventricular premature contraction (VPC)
(D).

Figure 3 Frequency of palpitations episodes in patients with vs without sinus tachycardia (ST) (A) and
correlation analysis of maximum heart rate and frequency of palpitations episodes (B).

Figure 4 Frequency of palpitations episodes in patients with vs without anxiety (A) or depression (B).

Figure 5 Correlation analysis of anxiety (A) or depression (B) levels and frequency of palpitations episodes.
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