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Abstract

Objectives: The worldwide heart failure (HF) prevalence

is 8.52 per 1000 inhabitants, with a global economic

burden of 346.17 billion dollars. With the COVID-19

pandemic, the focus of medical care has changed to

treating the morbidity and mortality of patients with

COVID-19 and reducing medical procedures or visits to

patients with HF, with the impact being greater in low-

and middle-income countries.

Methods: We performed an interrupted time series

analysis of HF to determine the changes in the trend of

hospitalizations and in-hospital mortality of HF patients

before and after the mandatory lockdown in Peru.

Results: A total of 18,514 adults were included in the

analysis. Monthly hospital admissions immediately

decreased by 599 (95% confidence interval [CI]: 113 to

1085) and the difference in slope before and after the

lockdown was 6.4 hospital admissions (95% CI: �4 to

18). In-hospital mortality increased by 18% (95% CI:

�8%e43%) and the difference in slope before and after

the lockdown was �0.3% (95% CI: �0.9%e0.25%).
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Introduction

Heart failure (HF) is a clinical manifestation of abnormal
structure and/or cardiac function that leads to fluid reten-
tion.1 The worldwide prevalence of HF is 8.52 per 1000

people, with a global economic burden of $346.17 billion
dollars.2 Some patients will develop chronic HF, which
requires hospitalization to receive adequate control and

treatment that contributes to their stabilization and
prevents relapses.3 With the coronavirus disease 2019
(COVID-19) pandemic, the focus of health care has

changed to treating the morbidity and mortality of patients
with COVID-19, reducing medical procedures, limiting
outpatient visits or visits to patients with HF, and requiring
immediate medical attention.4

HF patients in high-income countries have been shown to
have higher 30-day mortality during the COVID-19
pandemic compared to previous years.5 The pandemic’s
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impact on patients with these pathologies in low- and
middle-income countries, including Peru, has been greater

due to a lack of medical personnel and scarcity of personal
protective equipment and resources, making treatment more
difficult.6 However, to date, little is known about the impact

of the mandatory lockdown on health outcomes for patients
with HF in Peru.

Therefore, this study examined the changes in the trend of

hospitalizations and in-hospital mortality of HF patients
before and after the mandatory lockdown in Peru.

Materials and Methods

This study used the anonymized database on hospitali-
zations from theMinistry of Health of Peru (MINSA), which

provides patient-level information on hospital admissions
due to any cause in any public medical and specialized
institute of Peru belonging to the MINSA. Our sample

included individuals (aged 18 years or older) admitted to the
hospital with a diagnosis of HF (ICD-10: I50X).

We defined the following outcomes of interest: hospital
admissions due to HF and the in-hospital mortality of pa-

tients with HF. Both variables were measured on a monthly
basis. Hospital admissions was a continuous variable,
whereas in-hospital mortality was a percentage variable

measured as the ratio between hospital admissions and
deaths. Lastly, we defined a dichotomous variable that
measures the intervention as zero before implementing the

mandatory lockdown in response to COVID-19 (January
2017 to February 2020), and as one otherwise (March 2020
to December 2020).

Statistical analyses

Stata 17 statistical software (Stata Corporation, College
Station, TX, USA) was used for the data analyses. The

intervention variable was used to perform a single-group
interrupted time series analysis to assess the aggregate
change in the outcomes of interest before and after the

mandatory lockdown in Peru. We used the following equa-
tion to run the model:

Yt ¼ b0 þ b1Tt þ b2It þ b3TIt þ mt (1)

where Yt is the aggregate outcome of interest measured on
a monthly basis, Tt is the time measured every month that

has passed since the start of the study (from month 1 to
month 48), It is the intervention variable, TIt is an inter-
action term, b0 is the mean value of the outcome of interest

at the start of the study, b1 is the value of the slope of the
outcome of interest, b2 is the change in the slope of the
outcome of interest immediately after the intervention, b3
is the difference of the slope after and before the inter-
vention, and mt is the stochastic term of the statistical
model. The coefficient b3 is akin to a difference-in-
difference slope.

The stationarity of the series was assessed using the
DickeyeFuller test for unit root7 and the PhillipePerron test
for unit root.8 In addition, the autocorrelation was assessed

by plotting the correlogram and its 95% confidence bands
and by estimating the DurbineWatson test for
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autocorrelation.9 When autocorrelation of the first order was
identified in any longitudinal series, we corrected it by

estimating Prais-Winsten for AR(1) regression.10

Results

In total, 18,514 adults hospitalized with a diagnosis of
HF were included for the analysis, of whom 53.7% were
women; the median age was 73 years (interquartile range:

61e82). Overall, the average monthly hospital admissions
immediately decreased by 599 (95% CI: 113 to 1085) after
implementation of the mandatory lockdown (Figure 1A).

The difference in slope before and after the lockdown
was 6.4 hospital admissions (95% CI: �4 to 18).

On the other hand, the percentage of in-hospital deaths/

hospital admissions of patients with HF increased by 18%
(95% CI: �8%e43%) immediately after implementation of
the mandatory lockdown (Figure 1B). The difference in slope

before and after the lockdown was �0.3% (95%
CI: �0.9%e0.25%).
Discussion

According to our results, reductions in HF hospitaliza-

tions were documented after lockdown, a finding similar to
that reported in a study in Japan during the pandemic.11 This
could be explained by several reasons; for example, patients
with HF, knowing they are an at-risk group, may have been

afraid to go to the hospital and get infected by COVID-19.12

Furthermore, because medical resources were shifted to
prioritize COVID-19 patients, HF patients with less urgent

conditions may have faced delays in treatment.11 This
situation may have led to poor treatment and lack of
follow-up for acute crises, causing patients to arrive

decompensated at health centers, thus increasing mortality in
these patients, as shown in our study.

The findings of our study suggest that HF mortality

during hospitalization increased after the lockdown. This
supports a Canadian study that showed a higher patient
mortality and proportion of New York Heart Association
functional class III/IV symptoms during the COVID-19

pandemic, caused by a lack of disease control.13 In
addition, our study found the percentage of death/hospital
admissions increased by 17%. This is supported by a

Danish cohort study that found lower in-hospital mortality
and higher out-of-hospital mortality during the lockdown
compared with the same period in 2019.14 Several countries

declined hospital admissions for cardiovascular diseases
during the pandemic due to strategies to prevent the spread
of SARS-CoV-2 and the reduced emergency hospitalization
capacity of hospitals.4,15 Fewer hospital admissions reduce

acute cardiovascular care settings and increase mortality
during decompensated HF.

This study had some limitations. Our results were from

secondary data, which may have had problems with registra-
tion and underreporting of cases. In addition, the database did
not include relevant information on variables of interest, such

as parameters directly linked with HF conditions (e.g., body
mass index, family history, coexistence of other diseases,
smoking behaviors), pre-hospitalization treatment history,
tality of patients with heart failure in the COVID-19 era in Peru, Journal of
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Figure 1: A. Hospitalizations of heart failure patients from 2017 to 2020. B. Percentage of in-hospital deaths/hospital admissions of

patients with heart failure from 2017 to 2020.

Impact of COVID-19 on heart failure 3
and severity ofHF, and therewas no information on the causes

of patient death. However, this study used a nationally repre-
sentative database on hospital admissions from MINSA
because it is the only one that allows the study of hospitaliza-

tions and mortality of patients with HF in the Peruvian pop-
ulation. This study can serve as a basis for future prospective
research evaluating these associated factors.
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Conclusions

In conclusion, there has been a reduction in hospital ad-
missions and an increase in-hospital mortality of patients

with HF before and after lockdown due to the COVID-19
pandemic in Peru.
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