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Abstract: Background: The COVID-19 pandemic has adversely affected the provision of health care
and disease management around the world. COVID-19 carries a high morbidity and mortality rate
in elderly and people with comorbidities, including heart failure (HF). The present study addressed
the clinical management and outcomes of HF patients during the pandemic. Methods: We evaluated
the clinical management and survival rate of HF patients during the COVID-19 pandemic in Israel
(March 2020–April 2021). Results: The cohort included 6748 patients with a diagnosis of HF during
the study period. During this period, 843 HF patients (12.5%) were infected with COVID-19, and
194 died from COVID-19, a 23% mortality rate. Patients infected with COVID-19 had a higher
percentage of diabetes and obesity. Predictors of mortality included age, male sex, reduced func-
tional capacity, renal dysfunction, and absence of renin–angiotensin system inhibition. During the
pandemic, there was a marked decrease in the usage of medical services in the cohort. Cardiovas-
cular hospitalizations, all hospitalization, and emergency room visits were significantly decreased
compared to the two years prior to the pandemic, particularly during the lockdowns. There was
also an initial decrease in HF clinic visits. Mortality rates were very similar during the pandemic
compared to previous years. There was a decline in non-COVID-19 deaths, which were replaced
with deaths due to COVID-19. This may result from competing effects and reduced exposure to
respiratory infections and other insults due to social distancing. Conclusions: Mortality rates in HF
patients infected with COVID-19 were high. The COVID-19 pandemic resulted in the reduced usage
of health services but without increased overall mortality.
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1. Introduction

Coronavirus disease 2019 (COVID-19), which is caused by the novel coronavirus SARS-
CoV-2, emerged in Wuhan, China, in December 2019 and has evolved into an international
public health crisis. It was declared a pandemic by the World Health Organization on
11 March 2020 [1]. By October 2021, the SARS-CoV-2 pandemic has resulted in more than
240,000,000 cases and more than 4,950,000 deaths worldwide, including 1,320,000 cases
and 8000 deaths in Israel [2].

The clinical manifestations of COVID-19 range from asymptomatic or mild respiratory
symptoms to severe life threating respiratory and cardiac failure [3]. Cardiac injury, in
addition to respiratory failure, is associated with a higher risk of mortality [4,5]. Cardiac
manifestations may range from asymptomatic myocardial injury to cardiovascular compli-
cations, such as heart failure, acute coronary syndrome (ACS), myocarditis, pericarditis,
vasculitis, cardiac arrhythmias, and cardiogenic shock [4–6].
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Patients with concomitant cardiovascular disease represent a large proportion of
patients with symptomatic COVID-19 and experience disproportionately worse outcomes
and increased mortality [6,7]. New-onset or the exacerbation of heart failure (HF) are
common complications in patients with COVID-19, with documented high mortality rates
as high as 36% [8]. Furthermore, almost half of the patients who died from COVID-19 and
who had developed HF had no previous history of either hypertension or cardiovascular
disease [9].

HF patients are clearly at increased risk in the setting of the COVID-19 pandemic.
There are limited data in the literature regarding the clinical management and the outcomes
of HF patients during the pandemic period. The current study evaluated the clinical
management and survival rate of HF patients in the Jerusalem District in Israel during the
COVID-19 pandemic period and compared it to data prior to the pandemic.

2. Methods

Clalit Health Services is the largest health maintenance organization (HMO) in Israel.
It has a central computerized database in which all members have a nearly complete
digital record. The database includes demographic data and comprehensive clinical data
including complete administrative data on all hospitalizations and medical visits as well
as all diagnoses and laboratory data undertaken in a single centralized laboratory of the
HMO. We identified and retrieved all of the members with a diagnosis of HF as coded
by the database in Jerusalem, Israel electronically from the computerized database. Data
were retrieved from 1 January 2018. A total of 8800 patients in this district had a diagnosis
of HF and were included in the database for the analysis of medical management and
overall clinical outcomes. The clinical events that were retrieved included all cardiovascular
hospitalizations, emergency room visits, all hospitalizations, HF clinic visits, and mortality
until 1 April 2021. HF clinic visits included actual or remote visits. A comparison of these
clinical events was performed per year over the period of the study (3 years and 3 months).
In order to assess the prevalence of COVID-19 infection in HF patients, predictors of
infection as well as clinical outcome, a separate analysis was conducted that only included
patients who were alive at the beginning of the epidemic in Israel on 1 March 2020, the
date marking the first COVID-19 infections in Israel. This included all of the patients
who had been previously diagnosed with heart failure and those who received a new
diagnosis of heart failure during this period. A total of 6748 patients were included in
this analysis and were the main cohort of the study during the pandemic study period
(1 March 2020 to 1 April 2021). The determination of the type of HF, HF with reduced
ejection fraction, and HF with preserved ejection fraction was based on a documented
specific diagnosis and was available for 67% of the patients. The diagnosis of the remaining
patients was “Heart failure, unspecified”. Natriuretic peptides are not routinely performed
in Israel and were not available for analysis. All hospitalizations as well as cardiovascular
hospitalizations were retrieved and analyzed; cardiovascular hospitalizations were defined
as hospitalization within the cardiac or internal medicine departments, including the
cardiac and internal intensive care units. Data on mortality were retrieved from the
National Census Bureau. Data regarding influenza infections were obtained from the
Israel Center for Disease Control respiratory viruses surveillance reports published by the
Israeli Ministry of Health. The Institutional Committee for Human Studies of Clalit Health
Services approved the study protocol (approval no. 0025-17-COM2).

Infection with COVID-19 was diagnosed with a standard PCR test on a swab sample
from the nasopharynx. Death attributed to COVID-19 was defined as a positive diagnosis
of SARS-CoV2 infection by PCR testing and subsequent death due to this infection. Bio-
chemical analyses were performed at the HMO single centralized core laboratory with
routine standardized methodologies on fresh samples of blood obtained after an overnight
fast. Biochemical analyses were performed on the serum. The laboratory was authorized
to perform tests according to the international quality standard ISO-9001.



J. Clin. Med. 2021, 10, 5577 3 of 12

SPSS version 17.0 for Windows (SPSS Inc., Chicago, IL, USA) was used for the analyses.
Comparison of the clinical characteristics and medical service usage was performed using
the Mann–Whitney U test or the Kruskal–Wallis nonparametric test for continuous variables
and the Chi-square test for categorical variables. Follow-up time was calculated using
the Kaplan–Meier estimate of potential follow-up. Kaplan–Meier curves with the log-
rank test were used to compare survival according to years. Clinical predictors were
transformed where appropriate. Log10 was used for logarithmic transformations with
the exception of the estimated glomerular filtration rate (eGFR); for that, a square root
transformation was used. Multivariate Cox proportional hazards regression analysis
was used to evaluate the independent variables that determined the survival of COVID-
19-infected patients. Parameters included in the multivariate Cox regression analysis
incorporated age and other clinically significant parameters as well as significant laboratory
parameters and drug therapy on univariable analysis. Proportionality assumptions of the
Cox regression models were evaluated by log–log survival curves and with the use of
Schoenfeld residuals. An evaluation of the existence of confounding or interactive effects
was made between variables and their possible collinearity. A p value of <0.05 was
considered statistically significant.

3. Results
3.1. COVID-19 Pandemic in Israel

There were three waves of SARS-CoV-2 infection in Israel during the pandemic study
period (Figure 1A). This paralleled with a corresponding peak infection rate in the HF
patients (Figure 1B). These waves were associated with peaks of the death rates in the
general and the HF cohort, which declined following three nationwide lockdowns. A
nationwide vaccination campaign launched by the Israel Ministry of Health in December
2020 resulted in a dramatic decline in the incidence of SARS-CoV-2 infections thereafter
(Figure 1A,B).

J. Clin. Med. 2021, 10, x FOR PEER REVIEW 3 of 12 
 

 

SPSS version 17.0 for Windows (SPSS Inc., Chicago, IL, USA) was used for the anal-
yses. Comparison of the clinical characteristics and medical service usage was performed 
using the Mann–Whitney U test or the Kruskal–Wallis nonparametric test for continuous 
variables and the Chi-square test for categorical variables. Follow-up time was calculated 
using the Kaplan–Meier estimate of potential follow-up. Kaplan–Meier curves with the 
log-rank test were used to compare survival according to years. Clinical predictors were 
transformed where appropriate. Log10 was used for logarithmic transformations with the 
exception of the estimated glomerular filtration rate (eGFR); for that, a square root trans-
formation was used. Multivariate Cox proportional hazards regression analysis was used 
to evaluate the independent variables that determined the survival of COVID-19-infected 
patients. Parameters included in the multivariate Cox regression analysis incorporated 
age and other clinically significant parameters as well as significant laboratory parameters 
and drug therapy on univariable analysis. Proportionality assumptions of the Cox regres-
sion models were evaluated by log–log survival curves and with the use of Schoenfeld 
residuals. An evaluation of the existence of confounding or interactive effects was made 
between variables and their possible collinearity. A p value of <0.05 was considered sta-
tistically significant. 

3. Results 
3.1. COVID-19 Pandemic in Israel 

There were three waves of SARS-CoV-2 infection in Israel during the pandemic study 
period (Figure 1A). This paralleled with a corresponding peak infection rate in the HF pa-
tients (Figure 1B). These waves were associated with peaks of the death rates in the general 
and the HF cohort, which declined following three nationwide lockdowns. A nationwide 
vaccination campaign launched by the Israel Ministry of Health in December 2020 resulted 
in a dramatic decline in the incidence of SARS-CoV-2 infections thereafter (Figure 1A–B). 

Figure 1. Cont.



J. Clin. Med. 2021, 10, 5577 4 of 12J. Clin. Med. 2021, 10, x FOR PEER REVIEW 4 of 12 
 

 

 
Figure 1. Timeline of 2020/2021 COVID-19 pandemic in Israel. (A) Three COVID-19 infection waves 
in the whole Israeli population as reported by the Israeli ministry of health and retrieved on 29 
March 2021. Cases, deaths, and vaccinations are depicted. (B) Infection waves in the HF cohort. Data 
are depicted per month. Vaccination data are accumulative per day. 
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with diabetes mellitus and obesity and fewer smokers in the group of HF patients infected 
with COVID-19 compared to the uninfected group. There was no difference in the percentage 
of patients with hypertension in the two groups (Table 1). Predictors of mortality in the HF 
patients infected with COVID-19 were increasing age, male sex, NYHA class, reduced renal 
function, and patients who did not receive renin–angiotensin system inhibitors (Table 2). 
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Age (Years) 74 (64–83) 73 (63–82) 74 (64–83) 0.02 
Gender (Male) 3239 (55) 448 (53) 3687 (55) 0.35 
NYHA Class III/IV 1434 (33) 238 (37) 1672 (33) 0.06 
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Reduced ejection fraction 2406 (41) 391 (46) 2797 (41) 

<0.001 Preserved ejection fraction 1935 (33) 274 (33) 2209 (33) 
Not-specified 1564 (26) 178 (21) 1742 (26) 
Hypertension 4785 (81) 697 (83) 5482 (81) 0.26 
Diabetes mellitus 3098 (52) 508 (60) 3606 (53) <0.001 
Obesity 3091 (52) 501 (59) 3592 (53) <0.001 
Hyperlipidemia 5242 (89) 745 (88) 5987 (89) 0.71 
Ischemic Heart Disease 3813 (65) 534 (63) 4347 (64) 0.48 
Prior Myocardial Infarction 2359 (40) 312 (37) 2671 (40) 0.1 
Peripheral vascular disease 783 (13) 100 (12) 883 (13) 0.13 

Figure 1. Timeline of 2020/2021 COVID-19 pandemic in Israel. (A) Three COVID-19 infection waves
in the whole Israeli population as reported by the Israeli ministry of health and retrieved on 29 March
2021. Cases, deaths, and vaccinations are depicted. (B) Infection waves in the HF cohort. Data are
depicted per month. Vaccination data are accumulative per day.

3.2. COVID-19 Pandemic in Heart Failure Patients

The study cohort included 6748 patients with a diagnosis of HF during the study pe-
riod. During this period, 12.5% (843/6748) of the HF patients were infected with COVID-19,
and 194 HF patients died from COVID-19, a 23% mortality rate. The clinical characteristics
of the patients are presented in Table 1. The median age of the patients was 74 years
old, and 55% of the patients were male. There was a higher percentage of patients with
diabetes mellitus and obesity and fewer smokers in the group of HF patients infected with
COVID-19 compared to the uninfected group. There was no difference in the percentage of
patients with hypertension in the two groups (Table 1). Predictors of mortality in the HF
patients infected with COVID-19 were increasing age, male sex, NYHA class, reduced renal
function, and patients who did not receive renin–angiotensin system inhibitors (Table 2).

Table 1. Demographics and clinical characteristics of patients with heart failure according to COVID-19 infection.

Variable No COVID-19
Infection (n = 5905)

COVID-19 Infection
(n = 843)

Total
(n = 6748) p Value

Age (Years) 74 (64–83) 73 (63–82) 74 (64–83) 0.02
Gender (Male) 3239 (55) 448 (53) 3687 (55) 0.35
NYHA Class III/IV 1434 (33) 238 (37) 1672 (33) 0.06
HF Type
Reduced ejection fraction 2406 (41) 391 (46) 2797 (41)

<0.001Preserved ejection fraction 1935 (33) 274 (33) 2209 (33)
Not-specified 1564 (26) 178 (21) 1742 (26)
Hypertension 4785 (81) 697 (83) 5482 (81) 0.26
Diabetes mellitus 3098 (52) 508 (60) 3606 (53) <0.001
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Table 1. Cont.

Variable No COVID-19
Infection (n = 5905)

COVID-19 Infection
(n = 843)

Total
(n = 6748) p Value

Obesity 3091 (52) 501 (59) 3592 (53) <0.001
Hyperlipidemia 5242 (89) 745 (88) 5987 (89) 0.71
Ischemic Heart Disease 3813 (65) 534 (63) 4347 (64) 0.48
Prior Myocardial Infarction 2359 (40) 312 (37) 2671 (40) 0.1
Peripheral vascular disease 783 (13) 100 (12) 883 (13) 0.13
Prior Stroke/transient ischemic attack 1279 (22) 202 (24) 1481 (22) 0.13
Chronic obstructive lung disease 1134 (19) 150 (18) 1284 (19) 0.33
Chronic Renal Failure 1575 (27) 280 (33) 1855 (27) <0.001
Dialysis 269 (5) 84 (10) 353 (5) <0.001
Dementia 717 (12) 96 (11) 813 (12) 0.53
Depression 950 (16) 132 (16) 1082 (16) 0.26
Malignancy 1311 (22) 164 (19) 1475 (22) 0.07
Smoker (past or current) 2931 (50) 351 (42) 3282 (49) <0.001
Current Smoker 2234 (38) 261 (31) 2495 (37) <0.001
Body mass index (kg/m2) 29 (25–33) 30 (26–35) 29 (25–33) <0.001
Systolic blood pressure (mmHg) 129 (120–140) 129 (120–140) 129 (120–140) 0.98
Diastolic blood pressure (mmHg) 72 (65–80) 73 (67–80) 72 (65–80) 0.37
Pulse (beats per minute) 72 (65–80) 73 (65–80) 72 (65–80) 0.63
Laboratory Data
Urea (mg/dL) 42 (32–58) 44 (34–65) 42 (33–59) 0.002
Creatinine (mg/dL) 0.9 (0.8–1.2) 1.0 (0.8–1.4) 0.9 (0.8–1.3) 0.01
Estimated glomerular filtration rate (mL/min
per 1.73m2) * 74 (53–95) 71 (50–93) 73 (53–94) 0.01

Medication
RAS inhibitors 4763 (81) 656 (78) 5419 (80) 0.05
Beta blockers 4629 (78) 668 (79) 5297 (78) 0.57
Spironolactone 2415 (41) 343 (41) 2758 (41) 0.91
Furosemide 3917 (66) 602 (71) 4519 (67) 0.003
Thiazide 1017 (17) 130 (15) 1147 (17) 0.19
Digoxin 373 (6) 58 (7) 431 (6) 0.53
Amiodarone 992 (17) 137 (16) 1129 (17) 0.69
Aspirin 3585 (61) 528 (63) 4113 (61) 0.28

Data are presented as median (interquartile range) for continuous variables and counts (percentages) for categorical variables. p value
determined by the Kruskal–Wallis test for continuous variables and the Chi-square Test for categorical variables. Diabetes mellitus defined
as fasting plasma glucose ≥126 mg/dL or glucose lowering treatment; hypertension defined as blood pressure >140/90 mmHg measured
on several occasions or anti-hypertensive treatment; and hyperlipidemia defined as low-density lipoprotein >130 mg/dL, fasting serum
triglycerides >200 mg/dL, or lipid lowering treatment. * Estimated glomerular filtration rate was calculated using the modified modification
of diet in renal disease (MDRD) equation (175 * serum creatinine−1.154 * age−0.203. For females, a correction factor is used, multiplying by
0.742.). RAS inhibitors include renin–angiotensin system inhibition by angiotensin converting enzyme inhibitors, angiotensin receptor
blockers, or angiotensin receptor–neprilysin inhibitors. HF, heart failure; NYHA, New York Heart Association.

Table 2. Predictors of mortality by Cox regression analysis.

Univariable Multivariable

Hazard Ratio
(95% CI) p Value Hazard Ratio

(95% CI) p Value

Age (years) 1.06 (1.04–1.07) <0.001 1.05 (1.04–1.07) <0.001
Gender (Male) 1.11 (0.84–1.46) 0.47 1.46 (1.09–1.96) 0.01
NYHA III/IV 1.60 (1.18–2.17) 0.003 1.53 (1.11–2.12) 0.01
Diabetes Mellitus 1.32 (0.99–1.76) 0.06 1.25 (0.91–1.71) 0.17
Hypertension 2.09 (1.32–3.32) 0.002 1.13 (0.69–1.85) 0.64
Ischemic Heart Disease 1.41 (1.05–1.89) 0.02 1.09 (0.80–1.50) 0.58
BMI * 0.22 (0.05–0.92) 0.04 0.31 (0.05–1.70) 0.18
eGFR ** (mL/min per 1.73 m2) 0.32 (0.23–0.45) <0.001 0.38 (0.26–0.56) <0.001
RAS Inhibition 0.63 (0.47–0.85) 0.003 0.68 (0.49–0.95) 0.02

Data are presented as hazard ratio (95% confidence interval), p value. * Log-transformed; ** Square root-transformed; Parameters that were
included in the multivariable analysis model were age, gender, NYHA class, diabetes, hypertension, ischemic heart disease, log-transformed
body mass index, square root-transformed estimated glomerular filtration rate and RAS inhibition.
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3.3. Clinical Management and Outcome during COVID-19 Pandemic

During the COVID-19 pandemic, there was a marked decrease in the utilization of
medical services in the HF cohort. The number of cardiovascular hospitalizations as well
as all hospitalization were significantly decreased compared to the two years prior to the
pandemic (2018–2019), particularly during the lockdowns (Figure 2A,B). The number of
emergency room visits was also significantly lower (Figure 2C). There was also an initial
decrease in HF clinic visits per month, but this was partially restored over time (Figure 2D).
This was due to introduction and application of remote visits after the first COVID-19
wave. Almost 40% of the visits were remote visits. Table 3 provides the statistical analysis
that compared these clinical encounters between the pandemic period and previous years.
Despite the reduced number of clinical encounters, the mortality rates of the HF patients
were very similar during the pandemic compared to previous years (Figure 2E). In addition,
the survival rate of the HF patients during follow-up in the study period was similar
compared to previous years (p = 0.15; Figure 3A).

Table 3. Medical service usage during the pandemic (2020–2021) and previous years in the HF cohort.

2018 (n = 365) 2019 (n = 365) 2020 (n = 366) 2021 (n = 89) Total (n = 1185) p Value

CV hospitalizations per day 10 (7.0–12) 10 (8.0–13) 7.0 (5.0–10) 3.0 (2.0–4.0) 9.0 (6.0–12) <0.001
Length of stay (Days) 5.0 (4.0–6.0) 5.0 (4.0–6.0) 5.0 (3.0–6.3) 6.0 (3.0–8.0) 5.0 (3.5–6.0) 0.35
Hospitalizations per day 21 (17–25) 21 (17–26) 15 (12–19) 10 (6.0–14) 18 (14–23) <0.001
ER visits per day 10 (8.0–13) 10 (7.0–12) 7.0 (4.0–9.0) 4.0 (2.0–6.0) 9.0 (6.0–11) <0.001
HF Clinic Visits per working day * 6.0 (4.0–10) 6.0 (4.0–10) 5.0 (0.0–10) 6.0 (3.0–8.0) 6.0 (3.0–10) 0.05
Deaths per day 3.0 (2.0–4.0) 3.0 (2.0–4.0) 3.0 (2.0–4.0) 3.0 (2.0–4.0) 3.0 (2.0–4.0) 0.60

Data presented as median (Interquartile range); p-value calculated by the Kruskal–Wallis nonparametric test. n refers to number of days
during the year; * Patients that were followed in the HF clinic during the 3.25 years (n = 852). CV, cardiovascular; ER, emergency room.

An analysis of the death rates, separating death due to COVID-19 from death due to
other causes, demonstrated a decline in HF mortality deaths from other causes, which was
replaced with deaths due to COVID-19 (Figure 3B). A possible reason for the decline of
non-COVID-19 deaths may be related to the reduced exposure to respiratory infections due
to social distancing during the pandemic. A significant respiratory infection particularly
during the winter season is the influenza virus. Data on the rate of influenza cases in Israel
during the pandemic reported by the Israel Center for Disease Control, Israeli Ministry
of Health [10] (Figure 4), demonstrated a remarkable drop of influenza cases during the
COVID-19 pandemic period in Israel. Influenza cases were practically nonexistent during
the pandemic.
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Figure 3. Survival data and death causes during and prior to the pandemic. (A) Kaplan–Meier sur-
vival curves for HF patients per year. Survival rates prior to the pandemic (2018–2019) and during 
the pandemic (2020). Survival rates were very similar: 86.2 ± 0.4% vs. 85.3 ± 0.4% vs. 86.0 ± 0.4%, 
respectively, p = 0.15. Survival data during the first quarter of 2021 are also depicted with a survival 
curve that was very similar to previous years but not included in the log-rank analysis. (B) Death 
rates per month prior to and during the pandemic. Deaths are divided by death due to COVID-19 
and to other causes. A decline of the HF mortality deaths from other causes replaced with deaths 
due to COVID-19. 

Figure 3. Survival data and death causes during and prior to the pandemic. (A) Kaplan–Meier
survival curves for HF patients per year. Survival rates prior to the pandemic (2018–2019) and during
the pandemic (2020). Survival rates were very similar: 86.2 ± 0.4% vs. 85.3 ± 0.4% vs. 86.0 ± 0.4%,
respectively, p = 0.15. Survival data during the first quarter of 2021 are also depicted with a survival
curve that was very similar to previous years but not included in the log-rank analysis. (B) Death
rates per month prior to and during the pandemic. Deaths are divided by death due to COVID-19
and to other causes. A decline of the HF mortality deaths from other causes replaced with deaths
due to COVID-19.
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Figure 4. Weekly rates of influenza-like infections during the winter weeks. A noticeable absence
of influenza-like infections during the pandemic of 2020/2021 compared to previous years and the
previous ten-year average. Figure adapted from a published report of the Israel Center for Disease
Control, Israel Ministry of Health [10].

4. Discussion

The present study looked at the clinical encounters as well as clinical outcomes in a
cohort of HF patients in Jerusalem, Israel, during the COVID-19 pandemic of 2020–2021.
The current study demonstrated that HF patients were somewhat more likely to be diag-
nosed with SARS-Cov2 viral infection compared to the general population in Israel (~10%)
but that mortality rates were higher in HF patients; in this cohort, the mortality rate was
23%. In addition, there was a marked reduction in hospitalizations during the pandemic
that included cardiovascular as well as total hospitalizations. Emergency ward visits were
also reduced. HF clinic visits were initially reduced, but later on, they were replaced by
remote visits. Despite the significant mortality in those patients infected with COVID-19,
absolute mortality rates were not significantly different from previous years.

Several studies have previously reported a significant decline in HF hospitalizations
during the COVID-19 pandemic [11–15], and one study reported that patients hospitalized
during the pandemic had a higher mortality rate [12]. A recent publication [15] demon-
strated a similar in-hospital mortality but an increased out of hospital mortality for HF
patients during the pandemic. An analysis of the causes of death in that study demon-
strated reduced deaths labeled as primarily occurring due to HF and increased deaths
labeled as COVID-19 deaths as a principal cause of death [15].

The overall mortality rates in the present study in patients with HF were not signifi-
cantly different from the mortality rates in the years prior to the pandemic. This finding was
surprising, as the pandemic disrupted access to medical care and increased social isolation;
as such, the pandemic would be expected to increase morbidity and mortality. This was
not seen in the present study, at least not during the first year of the pandemic. This was
also not seen in a Danish Nationwide Cohort Study [13] that demonstrated findings similar
to those of the present study: reduced hospitalizations but similar mortality.

Why would this occur? While we do not have a definite explanation for the phenom-
ena, there are several factors that may explain the findings. Death rates in patients who
were not infected with COVID-19 were lower when compared to previous years, which
suggests that changes during the pandemic and particularly during the lockdowns reduced
hospitalization rates and non-COVID-19 deaths. Whereas some of the reduction in hospital-
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izations could be driven by postponement of treatment with negative clinical consequences,
the data in the present study imply that at least part of the reduced hospitalizations was
due to an actual reduction in morbidity in the HF patients during the pandemic. This
may have been driven by reduced exposure to respiratory infections, lower levels of air
pollution, and a reduction in other insults due to social distancing, staying at home, and
the lockdowns. This is particularly evident with influenza viral infections, which were
almost completely absent in Israel during the pandemic. However, caution is needed when
interpreting the data, as it is possible that the reduced non-COVID-19 mortality was mainly
due to events competing with COVID-19 infection.

The mortality rates of patients with HF that were infected with COVID-19 were
very high, at 23%, nearly 10 times the mortality rate in the general population. This
high mortality rate is very similar to data in HF patients published in the literature, with
reported mortality rates from COVID-19 ranging from 24% [16] to ~40% [13,17]. The
only available solution at this time to reduce this high mortality rate is prevention by
readily available vaccinations. These vaccinations are highly effective and safe. The
reduction in mortality seen after the initiation of vaccinations for COVID-19 suggests that
the vaccinations were successful in preventing infection and subsequent mortality. This
was definitively demonstrated in Israel [18], where the pandemic was drastically curbed
by nationwide vaccinations.

Predictors of mortality from COVID-19 in the present study included increasing age
and male sex. These have been previously reported as significant predictors of worse
outcome in HF patients with COVID-19 [16,17] as well as important predictors in the
general population infected with COVID-19. Other predictors such as NYHA class and
reduced renal function have not been described before in the context of COVID-19 but
are known predictors of reduced outcome in HF patients. Particularly interesting is the
association between better outcome in patients treated with renin–angiotensin system
inhibitors. These medications were hypothesized to increase susceptibility to SARS-CoV-2
infection at the beginning of the pandemic, as the therapy increases angiotensin-converting
enzyme 2 expression in several tissues, and SARS-CoV-2 uses this receptor to gain entry
into cells. There is no clinical evidence to support this. As these medications protect
from lung injury in animal models, it has also been suggested that these medications
may be beneficial in COVID-19 infection although data in the general population are not
conclusive [19], and randomized studies are pending.

5. Limitations

Several potential limitations of this study merit consideration. The present study was
an observational study. The study was from a community-based cohort in the Jerusalem
district, which id insured by a health maintenance organization. The findings may not be
applicable in other countries with different HF cohorts and in particular, different social
and medical management systems. The present study did not have long-term clinical
data beyond the first year of the pandemic and is possible that the pandemic may cause
long-term cumulative detrimental clinical effects on HF outcomes that were not seen in the
present study. Data regarding clinical parameters and drug therapy were extracted from
a digitized database. Although this database has been validated and found to be highly
accurate, not all data could be verified. While we tried to adjust for clinically relevant
parameters, not all clinical parameters were available, and it is impossible to adjust for all
variables that may affect outcome. Data on natriuretic peptide levels were not available.

6. Conclusions

The COVID-19 pandemic led to a significant reduction in medical services including
hospitalizations and ER visits, particularly during lockdowns. High mortality rates were
seen in HF patients infected with COVID-19, but overall mortality rates in HF patients
did not increase. Further studies may help elucidate the factors that led to reduced
mortality in non-infected HF patients. COVID-19 infection carries a very high mortality



J. Clin. Med. 2021, 10, 5577 11 of 12

rate in HF patients, and all efforts should be sought to prevent infections in this very
high-risk population.

Author Contributions: Conceptualization, Z.A.G., A.K. and I.G.; methodology, Z.A.G., A.K. and
I.G.; validation, A.K. and I.G.; formal analysis, Z.A.G. and I.G.; investigation, D.R.Z.; resources, V.I.;
data curation, Z.A.G. and I.G.; writing—original draft preparation, Z.A.G. and I.G.; writing—review
and editing, Z.A.G., D.R.Z., A.K., G.E.-G., O.A. and I.G.; visualization, I.G.; supervision, A.K. and
I.G.; project administration, A.K., V.I. All authors have read and agreed to the published version of
the manuscript.

Funding: The authors received no specific funding for this work.

Institutional Review Board Statement: The Institutional Committee for Human Studies of Clalit
Health Services approved the study protocol (approval no. 0025-17-COM2).

Informed Consent Statement: Patient consent was waived by the institutional review board due to
the retrospective observational design of the study with usage of deidentified anonymous data.

Data Availability Statement: The data of this study are available from Clalit Health Service but
restrictions apply to the availability of these data, which were used under the license for the current
study, and are not publicly available. Data requests can be addressed to: The Institutional Ethics
Committee for Human Studies of Clalit Health Services (email: meirhelsinki@clalit.org.il). Meir
Medical Center. Tchernichovsky St 59, Kfar Saba, 4428164, Israel.

Acknowledgments: We would like to acknowledge the Jerusalem district of Clalit Health Services
for their invaluable support of this research project. We would to thank the Data Systems team, the
clinical staff of the heart failure service in Jerusalem and the Jerusalem district management.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

BMI body mass index
CI confidence intervals
CV cardiovascular
eGFR estimated glomerular filtration rate
ER emergency room
HF heart failure
HMO health maintenance organization
NYHA New York Heart Association
RAS renin–angiotensin system

References
1. Wilder-Smith, A.; Chiew, C.J.; Lee, V.J. Can we contain the COVID-19 outbreak with the same measures as for SARS? Lancet Infect.

Dis. 2020, 20, e102–e107. [CrossRef]
2. 2021. Available online: www.worldometers.info (accessed on 15 October 2021).
3. Wu, Z.; McGoogan, J.M. Characteristics of and Important Lessons From the Coronavirus Disease 2019 (COVID-19) Outbreak in

China. Jama 2020, 323, 1239. [CrossRef] [PubMed]
4. Dhakal, B.P.; Sweitzer, N.K.; Indik, J.H.; Acharya, D.; William, P. SARS-CoV-2 Infection and Cardiovascular Disease: COVID-19

Heart. Heart Lung Circ. 2020, 29, 973–987. [CrossRef] [PubMed]
5. Shi, S.; Qin, M.; Shen, B.; Cai, Y.; Liu, T.; Yang, F.; Gong, W.; Liu, X.; Liang, J.; Zhao, Q.; et al. Association of Cardiac Injury With

Mortality in Hospitalized Patients With COVID-19 in Wuhan, China. JAMA Cardiol. 2020, 5, 802. [CrossRef] [PubMed]
6. Liu, P.P.; Blet, A.; Smyth, D.; Li, H. The Science Underlying COVID-19. Circulatio 2020, 142, 68–78. [CrossRef] [PubMed]
7. Bonow, R.O.; Fonarow, G.C.; O’Gara, P.T.; Yancy, C.W. Association of Coronavirus Disease 2019 (COVID-19) With Myocardial

Injury and Mortality. JAMA Cardiol. 2020, 5, 751–753. [CrossRef] [PubMed]
8. Zhou, F.; Yu, T.; Du, R.; Fan, G.; Liu, Y.; Liu, Z.; Xiang, J.; Wang, Y.; Song, B.; Gu, X.; et al. Clinical course and risk factors

for mortality of adult inpatients with COVID-19 in Wuhan, China: A retrospective cohort study. Lancet 2020, 395, 1054–1062.
[CrossRef]

9. Chen, T.; Wu, D.; Chen, H.; Yan, W.; Yang, D.; Chen, G.; Ma, K.; Xu, D.; Yu, H.; Wang, H.; et al. Clinical characteristics of 113
deceased patients with coronavirus disease 2019: Retrospective study. BMJ 2020, 368, m1091. [CrossRef]

http://doi.org/10.1016/S1473-3099(20)30129-8
www.worldometers.info
http://doi.org/10.1001/jama.2020.2648
http://www.ncbi.nlm.nih.gov/pubmed/32091533
http://doi.org/10.1016/j.hlc.2020.05.101
http://www.ncbi.nlm.nih.gov/pubmed/32601020
http://doi.org/10.1001/jamacardio.2020.0950
http://www.ncbi.nlm.nih.gov/pubmed/32211816
http://doi.org/10.1161/CIRCULATIONAHA.120.047549
http://www.ncbi.nlm.nih.gov/pubmed/32293910
http://doi.org/10.1001/jamacardio.2020.1105
http://www.ncbi.nlm.nih.gov/pubmed/32219362
http://doi.org/10.1016/S0140-6736(20)30566-3
http://doi.org/10.1136/bmj.m1091


J. Clin. Med. 2021, 10, 5577 12 of 12

10. Israel Center for Disease Control IMoH. Respiratory Viruses in Israel Surveillance Report. Report for Week 9 ending 6-3-2021.
2021. Available online: https://www.gov.il/BlobFolder/reports/corona-flu-06032021/en/files_weekly-flu-corona_EN-2021
_corona-flu-week-09-EN.pdf (accessed on 15 October 2021).

11. Bromage, D.I.; Cannatà, A.; Rind, I.A.; Gregorio, C.; Piper, S.; Shah, A.M.; McDonagh, T.A. The impact of COVID-19 on heart
failure hospitalization and management: Report from a Heart Failure Unit in London during the peak of the pandemic. Eur. J.
Heart Fail. 2020, 22, 978–984. [CrossRef]

12. Cannatà, A.; Bromage, D.I.; Rind, I.A.; Gregorio, C.; Bannister, C.; Albarjas, M.; Piper, S.; Shah, A.M.; McDonagh, T.A. Temporal
trends in decompensated heart failure and outcomes during COVID-19: A multisite report from heart failure referral centres in
London. Eur. J. Heart Fail. 2020, 22, 2219–2224. [CrossRef] [PubMed]

13. Andersson, C.; Gerds, T.; Fosbol, E.; Phelps, M.; Andersen, J.; Lamberts, M.; Holt, A.; Butt, J.H.; Madelaire, C.; Gislason, G.;
et al. Incidence of New-Onset and Worsening Heart Failure Before and After the COVID-19 Epidemic Lockdown in Denmark:
A Nationwide Cohort Study. Circ. Heart Fail. 2020, 13, e007274. [CrossRef]

14. Colivicchi, F.; Di Fusco, S.A.; Magnanti, M.; Cipriani, M.; Imperoli, G. The Impact of the Coronavirus Disease-2019 Pandemic and
Italian Lockdown Measures on Clinical Presentation and Management of Acute Heart Failure. J. Card. Fail. 2020, 26, 464–465.
[CrossRef]

15. Shoaib, A.; Van Spall, H.G.C.; Wu, J.; Cleland, J.G.F.; A McDonagh, T.; Rashid, M.; O Mohamed, M.; Ahmed, F.Z.; Deanfield, J.; de
Belder, M.; et al. Substantial decline in hospital admissions for heart failure accompanied by increased community mortality
during COVID-19 pandemic. Eur. Heart J. Qual. Care Clin. Outcomes 2021, 7, 378–387. [CrossRef] [PubMed]

16. Bhatt, A.S.; Jering, K.S.; Vaduganathan, M.; Claggett, B.L.; Cunningham, J.W.; Rosenthal, N.; Signorovitch, J.; Thune, J.J.; Vardeny,
O.; Solomon, S.D. Clinical Outcomes in Patients With Heart Failure Hospitalized With COVID-19. JACC Heart Fail. 2021, 9, 65–73.
[CrossRef]

17. Tomasoni, D.; Inciardi, R.M.; Lombardi, C.M.; Tedino, C.; Agostoni, P.; Ameri, P.; Barbieri, L.; Bellasi, A.; Camporotondo, R.;
Canale, C.; et al. Impact of heart failure on the clinical course and outcomes of patients hospitalized for COVID -19. Results of the
Cardio-COVID-Italy multicentre study. Eur. J. Heart Fail. 2020, 22, 2238–2247. [CrossRef]

18. Haas, E.J.; Angulo, F.J.; McLaughlin, J.M.; Anis, E.; Singer, S.R.; Khan, F.; Brooks, N.; Smaja, M.; Mircus, G.; Pan, K.; et al. Impact
and effectiveness of mRNA BNT162b2 vaccine against SARS-CoV-2 infections and COVID-19 cases, hospitalisations, and deaths
following a nationwide vaccination campaign in Israel: An observational study using national surveillance data. Lancet 2021, 397,
1819–1829. [CrossRef]

19. Dai, X.-C.; An, Z.-Y.; Wang, Z.-Y.; Wang, Y.-R. Associations Between the Use of Renin–Angiotensin System Inhibitors and the
Risks of Severe COVID-19 and Mortality in COVID-19 Patients With Hypertension: A Meta-Analysis of Observational Studies.
Front. Cardiovasc. Med. 2021, 8, 609857. [CrossRef] [PubMed]

https://www.gov.il/BlobFolder/reports/corona-flu-06032021/en/files_weekly-flu-corona_EN-2021_corona-flu-week-09-EN.pdf
https://www.gov.il/BlobFolder/reports/corona-flu-06032021/en/files_weekly-flu-corona_EN-2021_corona-flu-week-09-EN.pdf
http://doi.org/10.1002/ejhf.1925
http://doi.org/10.1002/ejhf.1986
http://www.ncbi.nlm.nih.gov/pubmed/32809274
http://doi.org/10.1161/CIRCHEARTFAILURE.120.007274
http://doi.org/10.1016/j.cardfail.2020.05.007
http://doi.org/10.1093/ehjqcco/qcab040
http://www.ncbi.nlm.nih.gov/pubmed/34043762
http://doi.org/10.1016/j.jchf.2020.11.003
http://doi.org/10.1002/ejhf.2052
http://doi.org/10.1016/S0140-6736(21)00947-8
http://doi.org/10.3389/fcvm.2021.609857
http://www.ncbi.nlm.nih.gov/pubmed/33981731

	Introduction 
	Methods 
	Results 
	COVID-19 Pandemic in Israel 
	COVID-19 Pandemic in Heart Failure Patients 
	Clinical Management and Outcome during COVID-19 Pandemic 

	Discussion 
	Limitations 
	Conclusions 
	References

