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1. Introduction

This editorial of the Special Issue “Impact of SARS-CoV-2 Pandemic on Global Dis-
eases and Human Well-Being” aims to portray the repercussions of the novel COVID-19
emergency on a wide range of health issues.

The novel acute respiratory syndrome caused by COVID-19 quickly spread after its
very first detection on 31 December 2019 in Wuhan, China [1]. Due to the pandemic
emergency, many social restrictions were applied and health systems took unprecedented
stringent measures that unavoidably influenced people’s lives and disease management.
However, according to the study conducted by Kim et al., the incidence of COVID-19
infection is different among various income groups; in detail, these authors analyzed low-,
middle- and high-income populations to verify if any increased prevalence of COVID-19
exists in these populations. In this study, an increased possibility of viral exposure was
detected among low-income populations, probably due to their living and working envi-
ronmental conditions, such as poor hygiene, less access to healthcare and crowded living
conditions [2]. In conclusion, differences in mortality are reported for people of different
income levels in Korea [3].

Since the coronavirus pandemic has undoubtedly impacted every person’s life, it is
easy to understand the great effort made to realize a new vaccine. Even though vaccination
played a key role in the current emergency scenario, it also poses several problems, includ-
ing the possibility of side effects that lead to a diffuse rejection of the vaccine by patients [4].
The systematic review conducted by Sessa et al. clarifies that, even though the total rate of
severe side effects related to COVID-19 vaccines is very low, it is important to report them
in order to advance our knowledge and support our decisions. According to this study and
considering the extremely small number of subjects involved in these rare adverse effects
(3 to 10 cases per million), it is possible that the thrombotic thrombocytopenia caused by the
COVID-19 vaccine may be multifactorial or deeply influenced by genotype; otherwise, sev-
eral hypotheses exist: it may be caused by the possible cross reactivity of antibodies against
the SARS-CoV-2 spike protein with PF4, interactions between spike protein and platelets,
the platelet expression of adenoviral proteins and the resulting immune response [5,6].

2. Chronic Disease

The COVID-19 pandemic has affected many people worldwide, with serious con-
sequences for many patients. When dealing with the high spread of the novel acute
respiratory syndrome caused by coronavirus-19, the most vulnerable patients were con-
sidered the most important. Moreover, most patients suffering from chronic diseases such
as hypertension, diabetes, chronic kidney disease, and hypercholesterolemia were clas-
sified into the high-risk category. In the study conducted by Scicali et al., the impact of
the direct and indirect effects of SARS-CoV-2 infection in subjects with familial hyperc-
holesterolemia (FH) is evaluated. Predictably, the percentage of patients affected by FH
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who consulted lipidologists and/or cardiologists and/or subdued vascular imaging was
lower after lockdown compared to the period before, especially because of the fear of
contagion. Finally, according to the cohort of 260 patients who took part in the study,
the percentage of subjects affected by SARS-CoV-2 was 7.3% and none of them required
hospital assistance. Moreover, this study evidenced that the percentage of lipids, through
lipid profile evaluation, was lower after lockdown than before (56.5% vs. 100.0%, p < 0.01),
with a reduction in HDL-C (47.78 ± 10.12 vs. 53.2 ± 10.38 mg/dL, p < 0.05), and a rele-
vant increase in non-HDL-C (117.24 ± 18.83 vs. 133.09 ± 19.01 mg/dL, p < 0.05). This
finding may be explained by the unregulated and sedentary lifestyle that characterized
the pandemic period [7]. Moreover, in the pandemic scenario, there has been great inter-
est in the association between SARS-CoV-2 and kidney function; in fact, since the very
beginning of the pandemic, several studies analyzed the impact of COVID-19 from dif-
ferent points of view. Precisely, the systematic review and meta-analysis conducted by
Chen et al. evaluated the mortality rate, intensive care unit admission, invasive mechanical
ventilation, acute kidney injury, kidney replacement therapy and graft loss in the adult
kidney transplant population with COVID-19. As is easy to imagine, kidney transplant
patients, especially due to their immunocompromised systems, are continually exposed
to complications such as opportunistic infections or lymphoproliferative diseases [8]. The
higher predisposition and diminished response to infection in the adult kidney transplant
population with SARS-CoV-2 disease results in a higher percentage of mortality com-
pared to the general population. In fact, the authors demonstrated increased rates of ad-
verse outcomes among transplanted patients: mortality—21%; admission to intensive care
units—26%; intensive mechanical ventilation among those who required admission in inten-
sive care units—72%; acute kidney injury—44%; kidney replacement therapy—12%; and graft
loss—8%. Moreover, a higher risk of mortality for elder patients has been registered too [9].

Since the previously mentioned higher risk of mortality and adverse outcomes in
patients with chronic diseases is a pressing issue, it is fundamental to assess patients’
increased risk when attending hemodialysis treatments, peritoneal dialysis follow-up or
after-transplant visits. In this scenario, the prevalence of SARS-CoV-2 infection among
the general population plays a fundamental role in the assessment of the augmented risk
of COVID-19 infection among chronic disease patients. As reported in a meta-analysis
including 1389 patients, COVID-19 seems to augment the possibility of suffering major
consequences among frailer populations. In fact, clinical manifestations of COVID-19
infection are reported to be more serious in aged and pluri-pathological patients. As
well as hypertension, diabetes, chronic obstructive pulmonary disease and chronic heart
disease, underlying kidney disease seems to be related to a higher incidence of mortality
and complications too [10]. In this context, being aware of prevalence and screening test
precision will aid doctors in the application of preventative measures to limit COVID-19
spread among more vulnerable populations—such as CKD patients. Unluckily, several
factors, such as the sensibility and specificity of screening tests, the type of samples, and
the timing of the screening, may alter the final results. However, it is undoubted that to
reduce the risks of spread between patients and suffering major consequences, clinicians
have to carefully manage the results of the screening test for SARS-CoV-2 [11]. Considering
the ever-increasing necessity of an early detection of COVID-19 infection among chronic
disease patients, Vial et al. investigated the application of tools routinely used to monitor
hemodialysis patients as detection indicators for SARS-CoV-2 disease. In detail, based on
a low-cost triage tool, the authors observed that total leukocytes were appreciably lower
in patients affected by COVID-19 (4.1 vs. 7.4 G/L, p = 0.0072) and were characterized by
lower levels of eosinophils (0.01 vs. 0.15 G/L, p = 0.0003) and neutrophils (2.7 vs. 5.1 G/L,
p = 0.021). Moreover, eosinophil count below a certain range (0.045 G/l) seems to be
indicative of COVID-19 infection with an AUC of 0.9 [95% CI 0.81–1] (p < 0.0001), sensitivity
of 82%, specificity of 86%, a positive predictive value of 82%, a negative predictive value of
86% and a likelihood ratio of 6.04. In conclusion, these results suggest the possibility of the
early detection ofSARS-CoV-2 by a cheap and easily accessible tool such as CBC [12].
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3. Everyday Life

The COVID-19 pandemic has affected modern society both from a strictly health
perspective and from a social perspective, regarding everyday life implications. Of course,
some people in particular situations have been affected more than others, and our editorial
is focused on the stress perceived by the caregivers of patients with Alzheimer’s disease
(AD) during the pandemic.

The “caregiver burden” consists of the emotional, physical, social, or financial burden
that the caregiver feels in caring for his/her family member. The caregivers’ percep-
tions of stress can be influenced by psychosocial factors, such as kinship, cultural and
social aspects [13,14].

A study has been published in our editorial that evaluates the psychological responses
of caregivers of individuals with dementia during the COVID-19 pandemic lockdown; a
cross-sectional survey using an anonymous online questionnaire was used [15].

The questionnaire included three sections that presented closed-ended questions with
five-point Likert scales and binary-type questions (except for the first one, which collected
socio-demographic data). This survey consisted of (1) caregivers’ sociodemographic data
(gender, age, education, residential position in the last 14 days, marital status, working
status, and type of relationship with the patient being assisted) and information about the
patient’s illness; (2) psychological scales to assess the impact of the COVID-19 pandemic;
and (3) tools investigating caregivers’ physical and mental health.

Eighty-four AD patients’ caregivers were involved in this study by answering an
online questionnaire. The data showed that caregivers were affected by high burden and
stress; in fact, they obtained a high mean score on the Perceived Stress Scale. Moreover,
caregivers’ burden was mainly related to their patients’ physical difficulties (assessed by
Caregiver Burden Inventory—Physical Burden) and perception of losing time (assessed by
Caregiver Burden Inventory—Time-dependence Burden). Moreover, caregivers perceived
their quality of life as very low (assessed by Short Form-12 Health Survey Physical and
Short Form-12 Health Survey Mental Health). Finally, this study demonstrated that partici-
pants mostly used dysfunctional coping strategies, such as avoidance strategies (assessed
by Coping Orientation to Problem Experiences—Avoidance Strategies); however, these
approaches did not affect their stress levels.

4. Mental Health

The deterioration of sociopsychological status and mental health due to governmental
restrictions after the spread of COVID-19 has been widely investigated in our Special Issue,
with one study aiming to clarify who, when, how, and why individuals died by suicide in
Japan during the COVID-19 pandemic. This study assessed a change in the percentage of
suicide during the pandemic compared to the pre-pandemic period using a governmental
database that divided subjects by prefectures, gender, age, means, motive, and household
factors using a linear mixed-effects model [16].

Suicide mortality decreased during the first stay-home order and increased after the
first stay-home order ended. Furthermore, the direct health hazard of COVID-19 itself
functioned as a suicide suppressor; nevertheless, the protraction of the COVID-19 pandemic
period deeply contributed to the increasing incidence of suicide, especially for females.
Contrary to nationwide fluctuation patterns, the suicide mortality incidence in metropolitan
regions for both genders, male and female, did not decrease during the first stay-home order.
Other factors, such as gender (female), age (adolescents), one-person household residents,
and living in metropolitan areas, were possible risks of increasing suicide mortality in 2020.
The reduction in SMR-S in all 47 prefectures during the first stay-home order might be
compared to the “honeymoon period” phenomenon. The stabilization of suicide mortality
observed during each stay-home order may also suggest people becoming accustomed to
the pandemic.
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5. Sexual Health

Pre-COVID

An Italian study carried out between 1 June and 31 December 2019, involving people
of any gender and sexual orientation, aimed to describe the most common kinds of con-
temporary sexual behaviors in Italy prior to the COVID-19 pandemic. Participants were
recruited via social media posts on Facebook and Instagram, and Google Forms was used
to create and deliver the survey online. Each of the 12,590 people who took part in this
study consented to fill out the survey. The survey questions assessed a range of factors,
including the frequency and pleasure of various sexual activities (self-stimulation, being
masturbated by a partner, masturbating one’s partner, receiving and providing oral sex,
vaginal penetration, receiving and providing anal penetration), sexual satisfaction, the
frequency of orgasms, triggers for auto-eroticism, the use of sex toys, the pleasantness of
various sexual fantasies, pornography use, betrayal, traumatic sexual experiences, stress,
contraception, protection against sexually transmitted infections, the use of medications
or drugs, the use of dating apps or sites and sexting. Most participants were heterosexual,
10,153 (80.6%), followed by homosexuals (234), bisexuals (2087; 16.6%), and pansexuals
(83; 0.7%). Only 20–30% of participants in the poll used sex toys, while the majority watched
pornography on a weekly basis (27.8 %) and alone (80%). Having intercourse in public,
having sex with multiple people at once, having sex while blindfolded, being tied up, and
watching a naked person are the fantasies that most stimulate and excite the participants.
About 80–90% of the respondents indicated that they did not engage in anal intercourse; it
is probable that, in Italy, sexual independence and the urge to test out novel sexual practices
may be eclipsed by a widespread sense of shame [17].

It was shown that crises can alienate loved ones; moreover, the loss of a home can
alter daily habits and couples’ sex lives. The repercussions of the lockdown on the Italian
population’s sex lives are less known. In Italy, crises that have changed peoples’ habits
(e.g., the L’Aquila earthquake) have been widely studied. After this earthquake, a high rate
of sexual dysfunction-related symptoms was reported among young adults, particularly in
subjects experiencing post-traumatic stress disorder [18]. The lockdown period has likely
led to changes in Italians’ sex lives. Precisely, in this Special Issue, we aimed to investigate
if any change in adult men and women’s sexual behaviors occurred during lockdown.

An Italian, multicenter, cross-sectional study, was conducted in 15 urological centers.
This research was performed through a Google Forms online survey, from 4 May 2020
(50 days after the start of the lockdown) to 18 May 2020. Inclusion criteria were sexually
active subjects in stable relationships for at least 6 months; any age and gender were
included. Exclusion criteria were subjects who were affected by COVID-19, single or
sexually inactive. In the end, 2149 participants were enrolled in this study. The results
showed that 29% of subjects considered that their sex lives with their partners had “much
or very much” deteriorated during the lockdown period; otherwise, 49% considered it to
be “much or very much” improved during the same period. Finally, 225 did not report any
deterioration or improvement.

Among participants who reported an improvement in their sex lives with their part-
ners, the greatest percentage was represented by women; this result was found to be
significantly associated with cohabitation, having a stable relationship for more than
5 years and being married without children. No patients of any gender reported having
sexual dysfunction. On the other hand, most of the participants who reported a worsening
of their sex lives with their partners did not live with their partners during lockdown
(73.4%). Among cohabitees, most had sons (82%) and a stable relationship for more than
5 years (81.7%). Among the women that reported a worsening of their sex lives with their
partners, there were no sexual disfunction but a higher level of anxiety, tension, fear, and
insomnia; on the other hand, men who reported worsening of their sex lives with their
partners had a higher rate of mild erectile dysfunctions, orgasmic dysfunctions, and low
sexual satisfaction within the previous 4 weeks.
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However, despite the impossibility of meeting friends and relatives during lockdown,
a reconciliation took place between cohabiting couples. Most people expressed satisfaction
having their partners at home. The improvement was reported primarily in participants
who had been in stable relationships for more than 5 years, probably because the increased
time spent together favored the rediscovery of a feeling that the couple might have lost
in their life routines. Moreover, spending entire days at home can stimulate and facilitate
common interests between partners—the sharing of hobbies or daily practices that normally
could not be shared because of a lack of time. Participants over the age of 40 improved
more than those under the age of 40, probably because most younger participants did not
live with their partners during that time [19].
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Abstract: COVID-19 has caused a public and international health emergency, leading to isolation and
social distancing. These restrictions have had a significant impact on the caregivers of people with
dementia, increasing the burden of patient management. The purpose of this study was to investigate
the stress perceived by caregivers of patients with Alzheimer’s disease (AD) during the pandemic. We
used a cross-sectional survey design to evaluate the caregivers’ psychological responses and coping
strategies. Eighty-four caregivers of patients with a diagnosis of AD were involved in this study
by completing an online questionnaire. They presented a high perception of stress (the Perceived
Stress Scale mean ± DS: 33.5 ± 4.5), and their high burden in caring was mainly related to physical
difficulties (Caregiver Burden Inventory–Physical Burden mean ± DS: 15.0 ± 2.1) and perception of
loss of time (Caregiver Burden Inventory–Time-dependence Burden mean ± DS: 16.5 ± 1.4). More-
over, caregivers perceived their quality of life as very low (Short Form-12 Health Survey Physical
mean ± DS: 13.5 ± 2.7; Short Form-12 Health Survey Mental Health mean ± DS: 16.4 ± 4.2). Finally,
we found that participants mostly used dysfunctional coping strategies, such as avoidance strategies
(Coping Orientation to Problem Experiences–Avoidance Strategies mean ± DS: 39.5 ± 7.1), but these
strategies did not affect the stress level of caregivers. Given that caregivers present a high burden
and stress, innovative tools could be a valuable solution to investigate and support their emotional
and behavioral status during difficult periods, such as the COVID-19 pandemic.

Keywords: Alzheimer’s disease; burden; caregiver; dementia; quality of life

1. Introduction

On 30 January 2020, the World Health Organization (WHO) declared the COVID-19
pandemic an international public health emergency [1]. A few weeks after the initial
outbreak in China, the total number of cases and deaths exceeded disproportionately
those of the previous SARS [2–6]. Standard public health measures, including quarantine,
social distancing, and community containment, are being used to curb the pandemic of
this respiratory disease, and these new measures have changed the dynamics of social
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relationships, including relationships between doctors and patients, with regard to those
with neuropsychiatric symptoms [6].

For these reasons, various authors have highlighted that intervention on people’s
mental health is necessary given that COVID-19 has profoundly affected psychosocial
status worldwide [7–9]. Isolation and social distancing had a significant impact on the
caregiver of elderly people affected by chronic diseases, including dementia [7–9].

Briefly, dementia is a syndrome characterized by progressive degeneration of cognitive
functions, causing impairment of normal activities and relationships in daily life [10–12].
Families are very important in the “long-term” management of these patients, for both
therapeutic compliance and their needs [10]. Because the worsening of cognitive functions
can progressively impair the ability to perform simple but essential tasks in daily life,
the physical, psychological, and economic impact of dementia on individuals and their
families is inevitable [13]. The “caregiver burden” consists of the emotional, physical,
social, or financial burden that the caregiver feels in caring for his/her family member. It is
a multidimensional concept related to the caregiver’s perception of stress while carrying
out his/her care activities, and this can be influenced by psychosocial factors, such as
kinship and cultural and social aspects, as well as personal characteristics, including
sensitivity and vulnerability to stress [14,15]. An adequate network of services to support
patients and their families is essential to reduce the burden of caregivers and delay the
possible institutionalization of the patient [9]. Indeed, caregivers spend up to 10 h on
daycare for the patient and meet all his/her needs, such as feeding, dressing, washing,
therapy, and surveillance. A patient’s care is often complicated by behavioral problems,
such as agitation, physical and verbal aggression, and disappointments. The load of the
caregiver may also affect his/her work and the economic dimension, further causing
emotional and psychological stress. Finally, the profound changes in the relationship
between patients and caregivers may lead to feelings of frustration, despair, and anger.
The coronavirus pandemic, with regard to the restrictive measures, could have made these
things worse [16,17].

2. Materials and Methods

2.1. Participants and Settings

We used a cross-sectional survey design to evaluate the psychological response of
caregivers of individuals with dementia during the COVID-19 pandemic lockdown, using
an anonymous online questionnaire. The online survey was administered through the
CAWI (Computer Assisted Web Interviewing) method: the invitation to the questionnaire
was sent through the technological means offered by smartphones (i.e., WhatsApp, Face-
book, Menlo Park, CA, USA) or by email. The questionnaire compilation was carried out
by the online survey platform Google. The participants came from the same geographical
area, i.e., the province of Messina to avoid cultural biases.

The primary caregiver was defined as the person who lives with the patient in the
same home and takes primary responsibility for providing care to the patient at home.

The caregivers list has been made through the generalities and addresses provided
by medical doctors (either neurologists or general practitioners) involved in the care of
patients with dementia. One hundred fifty individuals were initially contacted by their
clinicians, who were previously informed about the research. About 120 of them provided
consent to enter the study protocol, but not all of them met the inclusion criteria. To be
included in the study, caregivers had to (i) be at least 18 years of age and (ii) be the primary
caregiver of a patient affected by AD.

The final sample consisted of 84 primary caregivers of patients with AD (76.2% females;
mean age of years ± DS: 45.7 ± 1.3), living in the province of Messina, Italy (Table 1).
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Table 1. Descriptive analysis of patients’ and caregivers’ characteristics.

Patients 84

Age (years) 62.9 ± 4.1
Caregivers 84

Relation to patients
Son/Daughter 54 (64.3%)

Spouse/Partner 23 (27.3%)
Other 7 (8.4%)

Age (years) 45.7 ± 9.3
Gender 20 (23.8%)

Male 64 (76.2%)
Female

Education 15.38 ± 2.38
Professions
Freelancer 17 (21.0%)
Employee 41 (48.0%)
Housewife 16 (19.0%)

Other 10 (12.0%)
Marital Status

Single 35 (41.7%)
Married 42 (50.0%)
Divorced 7 (8.3%)

Sons
Yes 45 (53.6%)
No 39 (46.4%)

Mean ± standard deviation was used to describe continuous variables; proportions (numbers and percentages)
were used to describe categorical variables.

2.2. Procedures

Following the restrictive measures adopted by the Italian Government to deal with
the pandemic, given that it was necessary to minimize face-to-face interactions and stay at
home, we asked participants to fill out the online questionnaire.

They completed the questionnaires in Italian through an online survey platform
(“Google Form”, Google LLC, Mountain View, CA, USA). Data collection took place from 1
April to 20 May 2020, i.e., during the first Italian lockdown.

The study complies with the principles contained in the Helsinki Declaration, and all
participants provided informed consent to participate.

2.3. Survey Development

The questionnaire included three areas that collect closed-ended questions with eval-
uation on 5-point Likert scales and binary type (except for the first one that collected
socio-demographic data). The survey consisted of (1) caregivers’ sociodemographic data
(gender, age, education, residential position in the last 14 days, marital status, working
status, type of relationship with the patient being assisted) and information about the
patient’s illness, (2) psychological scales to assess the impact of the COVID-19 epidemic,
and (3) tools investigating caregivers’ physical and mental health, i.e., the Perceived Stress
Scale [18], the Coping Orientation to Problems Experienced-New Italian Version (COPE-
NVI) [19], the Caregiver Burden Inventory (CBI) [20], and the 12-Item Short Form Survey
(SF-12) [21] (Table 2).

From the psychometric perspective of scale evaluation, Cronbach’s alpha measures
internal consistency across the set of individual items. Specifically, they describe the
dimension of each clinical tool. In this context, we calculated Cronbach’s alpha for each
dimension, except for stress level (SSP) because it consists of a single item (i.e., alpha is not
available). As shown in Table 2, the items defined for the three dimensions (i.e., COPE-NVI,
CBI, and SF-12) are “reliable” in capturing the characteristics of the specific dimension
because they exceed the threshold of 0.70.
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Table 2. Clinical assessment tools.

Test/Scale
Description

Description

PSS

The Perceived Stress Scale (PSS) is the most widely used psychological
instrument for measuring the perception of stress. It is a measure of the degree
to which situations in one’s life are appraised as stressful. Items were designed
to tap how unpredictable, uncontrollable, and overloaded respondents find their
lives. The scale also includes a number of direct queries about current levels of
experienced stress. The items are easy to understand, and the response
alternatives are simple to grasp. The questions in the PSS ask about feelings and
thoughts during the last month. Regarding the psychometric properties of PSS,
it has been shown that it can be used reliably and repeatably to measure
perceived stress.

COPE-NVI

The Coping Orientation to Problems Experienced is a self-report questionnaire
that considers the coping strategies. The tool consists of five large, essentially
independent dimensions: social support, avoidance strategies, positive attitude,
problem-solving, and turning to religion. The COPE-NVI can be considered a
useful and psychometrically valid tool for measuring coping styles in the Italian
context.

CBI

The Caregiver Burden Inventory is a tool for the evaluation of the care load,
developed for caregivers of Alzheimer’s disease and dementia patients. It is a
self-report tool, compiled by the main caregiver. It is a tool for quick completion
and easy understanding. Divided into 5 sections, it allows us to evaluate
different stress factors: objective load, psychological load, physical load, social
load, and emotional load. Regarding the psychometric properties of CBI, it has
been shown to be a reliable and repeatable tool.

SF-12

The SF-12 is a self-reported outcome measure assessing the impact of health on
an individual’s everyday life. It is often used as a quality of life measure. The
SF-12 is a shortened version of its predecessor, the SF-36, which itself evolved
from the Medical Outcomes Study. The SF-12 was created to reduce the burden
of responsibility, and it has been shown that SF-12 can be used reliably and
repeatably to measure the quality of life.

2.4. Statistical Analysis

The descriptive statistics were analyzed and expressed as mean ± standard deviation
or as median ± first/third quartile for continuous variables, as appropriate; frequencies
(%) were used for categorical variables. Clinical scale scores were expressed as a mean and
standard deviation. The normality of the data was assessed by the Jarque-Bera test: the
data met the assumption of normality.

We used linear regressions to calculate the univariate relationship between the per-
ceived level of stress related to the caregiver burden and the scoring of the scales. All tests
were two-tailed, with a significance level of p < 0.05. Statistical analysis was performed
using SPSS Statistic 16.0 (IBM SPSS Statistics, Armonk, NY, USA).

3. Results

Eighty-four participants were included in the study, and all completed the online
questionnaire.

As shown in Table 3, caregivers presented a high perception of stress (PSS mean ± DS:
33.5 ± 4.5). High levels of physical difficulties (CBI PH mean ± DS: 15.0 ± 2.1) and time
dependence (CBI TD mean ± DS: 16.5 ± 1.4) were frequently present in the caregivers’
answers to the questionnaire. The quality of life perceived by caregivers was very low,
for the aspects regarding quality of both physical and mental life (SF-12 PH mean ± DS:
13.5 ± 2.7, SF-12 MH mean ± DS: 16.4 ± 4.2). In addition, we found that participants
mostly used dysfunctional coping strategies, such as avoidance strategies (COPE AS
mean ± DS: 39.5 ± 7.1), with low use of functional strategies, such as orientation to the
problem, positive attitude, searching for social support, and transcendent orientation.
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Table 3. Average of the clinical scale of caregivers.

Test/Scale
Caregivers

Mean ± SD Range

COPE SS 24.2 ± 3.8 14–35
COPE AS 39.5 ± 7.1 19–58
COPE AP 29.2 ± 6.5 14–42
COPE OP 25.3 ± 4.8 14–37
COPE TO 19.4 ± 2.5 13–25
SF-12 PH 13.5 ± 2.7 8–18
SF-12 MH 16.4 ± 4.2 6–27

CBI TD 16.5 ± 1.4 0–20
CBI D 8.2 ± 6.9 0–20

CBI PH 15.0 ± 2.1 0–16
CBI SOCIAL 4.7 ± 5.1 0–19

CBI EMOTIONAL 5.1 ± 3.1 0–16
PSS 33.5 ± 4.5 3–38

Legend: Perceived Stress Scale (PSS) cut-off > 14.0; Coping Orientation to Problem Experiences (COPE) Average
(DS) in Italy: Social Support (SS) 27.7(8.4), Avoidance Strategies (AS) 23.5(5.1), Positive Attitude (PA) 30.9(6),
Problem Orientation (PO) 32(6.7), Transcendent Orientation (TO) 22.7(5.6); Caregiver Burden Inventory Total
(TOT) cut-off > 36.0: Time-dependence Burden (TD), Developmental Burden (D), Physical Burden (PH), Social
Burden (Social), Emotional Burden (Emotional); Short Form-12 Health Survey Total (SF-12 TOT) cut-off < 50;
Short Form-12 Health Survey Mental Health (SF-12 MH) cut-off < 45.5; Short Form-12 Health Survey Physical
(SF-12 Ph) cut-off < 50.

The significant relationship between the perceived level of stress (PSS) and tools
investigating caregivers’ physical and mental health are reported in Table 4. PSS was not
significantly related to any dysfunctional coping strategies; thus, they did not affect the
stress level of caregivers. Conversely, PSS had negative and significant relationships with
the physical (SF-12 PH) and emotional (SF-12 MH) caregiver quality of life. Specifically,
the worse the caregiver’s quality of life, the worse the caregiver can manage stress due
to their burden, and vice versa. Finally, PSS was positively and significantly related to all
the indices of high caregiver burden: time dependence (CBI-TD), development (CBI-D);
physical (CBI-PH), social (CBI-SOCIAL), and emotional (CBI-EMOTIONAL). Briefly, the
higher the perceived burden of the caregiver, the greater the level of stress they will face.

Table 4. Univariate regression models for a perceived level of stress (PSS).

Variable Coefficient t-Test p-Value

Constant 16.814 3.2 0.002
COPE SS 0.278 1.3 0.197
Constant 25.334 5.4 0.000
COPE AS −0.045 −0.38 0.702
Constant 23.747 6.2 0.000
COPE AP −0.006 −0.05 0.960
Constant 18.727 4.24 0.000
COPE OP 0.191 1.11 0.269
Constant 33.318 5.23 0.000
COPE TO −0.503 −1.54 0.127
Constant 37.843 9.64 0.000
SF-12 PH −1.056 ** −3.71 0.000
Constant 44.643 19.46 0.000
SF-12 MH −1.282 ** −9.49 0.000
Constant 19.207 15.73 0.000
CBI TD 0.509 ** 4.5 0.000

Constant 19.069 16.94 0.000
CBI D 0.547 ** 5.2 0.000

Constant 18.996 18.43 0.000
CBI PH 0.649 ** 6 0.000
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Table 4. Cont.

Variable Coefficient t-Test p-Value

Constant 20.433 20.07 0.000
CBI SOCIAL 0.663 ** 4.51 0.000

Constant 21.441 22.02 0.000
CBI EMOTIONAL 0.757 ** 3.59 0.001

Significance levels of 1% (**) for coefficients by z-test are in bold. Legend: Perceived Stress Scale (PSS) cut-off > 14.0;
Coping Orientation to Problem Experiences (COPE) Average (DS) in Italy: Social Support (SS) 27.7(8.4), Avoid-
ance Strategies (AS) 23.5(5.1), Positive Attitude (PA) 30.9(6), Problem Orientation (PO) 32(6.7), Transcendent
Orientation (TO) 22.7(5.6); Caregiver Burden Inventory Total (TOT) cut-off > 36.0: Time-dependence Burden (TD),
Developmental Burden (D), Physical Burden (PH), Social Burden (Social), Emotional Burden (Emotional); Short
Form-12 Health Survey Total (SF-12 TOT) cut-off < 50; Short Form-12 Health Survey Mental Health (SF-12 MH)
cut-off < 45.5; Short Form-12 Health Survey Physical (SF-12 Ph) cut-off < 50.

4. Discussion

As people age, there is an increase in the incidence/prevalence of chronic degenerative
diseases, such as dementia, i.e., the leading cause of disability at old age [18]. Moreover,
medical advances have allowed for an increase in lifespan, even in patients with chronic and
disabling diseases. Consequently, the care of patients with chronic disabilities affects the
quality of life of caregivers and leads to high stress with important psychosocial problems,
especially during pandemics like COVID-19 [19].

The new SARS-CoV-2 pandemic and the consequent limitations have resulted in a
significant deterioration in the performance of regular daily living activities, with negative
effects on caregivers of patients with dementia, as observed in our sample.

The aim of this study was to investigate the stress and perceived burden of caregivers
caring for patients with AD during the COVID-19 pandemic. Using univariate regression
analysis, we found that participants with higher levels of perceived stress have their health
severely affected. In other words, the personal health condition (both mental and physical)
greatly affects the level of stress (as the health condition of the caregiver worsens, the ability
to manage stress decreases). At the same time, a higher level of caregiver burden (valid for
the five types of CBI explored in this study) can significantly influence the perceived stress
level. Additionally, we noted that none of the dysfunctional coping strategies were able to
influence the caregiver’s perceived stress level, so these strategies were not effective in this
COVID-19 framework. Indeed, COVID-19 has profoundly affected the psychosocial state
around the world. At an individual level, people experience fear of getting sick or dying
with feelings of helplessness for both themselves and their family members [5]. Social
restrictions have significantly affected the management of clinics with cancellations or
postponements of outpatient visits or rehabilitation activities [7]. Considering the risk of
serious COVID-19-related outcomes, most patients with dementia have been forced to stay
at home. Hence, the restrictive measures may have worsened the status of patients with
dementia, inducing greater discomfort and burden on the caregiver [6,7].

Some authors have shown a worsening of the neuropsychiatric symptoms of patients
with dementia, such as anxiety, depression, agitation, and apathy during the COVID-19
pandemic [20,21]. In the presence of psychological and behavioral symptoms, dementia
becomes more difficult and stressful to manage than other chronic conditions affecting the
elderly. As a consequence, the caregivers have higher emotional and behavioral distress lev-
els [22]. Indeed, caring for people with dementia is very challenging, and family caregivers
are at higher risk for physical and mental health problems. This could be due not only to
the problems related to the patient’s daily care but also to the awareness of the inexorable
and uncontrollable progression of the disease [23,24]. Moreover, some studies showed that
caregivers are at a greater risk of cardiovascular diseases, such as hypertension, due to the
stress-related chronic inflammatory response and excessive sympathetic activation [25].

Concerning the socio-demographic data, our study has highlighted a high level of
stress in caregivers, especially in women, married, employed, and, above all, in cases where
the caregiver was the patient’s son. In particular, stress was perceived as a consequence
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of the daily needs of patients with AD (and we enrolled only caregivers of this type of
dementia), such as assistance in feeding, dressing, bathing, and administering daily therapy.
However, stress was higher when caregivers had to deal with neuropsychiatric disorders,
such as behavioral problems, agitation, and verbal aggression. According to previous
studies, perceived stress primarily affects the perception of time-wasting and physical
health, as well as the quality of life. This latter was rated as very low by our sample [26–30].

It is noteworthy that the majority of the sample reported a worsening of stress and
family care-related burden during this period, with regard to both clinical and socio-
economic aspects [31,32]. In more detail, the reorganization of the healthcare system with
the increase of acute wards/services to face COVID-19 and a reduction/closure of social
and healthcare services for chronic illness has caused a decrease and/or interruption of the
outpatient clinic and/or homecare dedicated to dementia [4]. This has caused an overload
on the burden of caregivers who also had to deal with some clinical/health practices for
which they did not feel properly prepared or trained [9,32–35]. Furthermore, the reduction
of physical contact and social relationships did not allow caregivers to perceive adequate
psychophysical and mental support, with a reduction in playful activities, increasing the
PSS and worsening their quality of life [9,31–35]. According to recent studies, these sudden
changes had an immediate impact on the caregiver’s burden by increasing the possibility
of precipitating feelings of loneliness, social isolation, and increasing stress levels due to
social distancing efforts [9,31–35].

5. Strengths and Limitations

The use of new technologies allowed us to administer the survey. This means of
assessment is particularly useful in periods during which social distance is needed to avoid
contagions, like during this terrible pandemic. As technological interventions have proven
useful in the care of patients with dementia [36,37], future studies could deepen the use of
telemedicine for caregivers of patients with AD as an assessing tool and psycho-emotional
support for both patients and their caregivers.

The present study had some limitations. The study involved a small sample of
caregivers of patients with AD, so there may be difficulties to generalize the results to the
patients’ population. However, we have focused only on a specific type of dementia, so
that findings by our sample might be more homogeneous, given that the different kinds of
dementia often have different symptoms and disease progression.

Additionally, this study considers the self-selection issue [38]. The caregivers have
voluntarily decided to participate in the questionnaire, probably due to their abilities in
using technological devices. Therefore, this selection bias might have affected the accuracy
of results, also due to the lack of information concerning the caregivers who were not able
to fill out the online questionnaire.

Furthermore, there is no follow-up period, and it is not certain if the results obtained
would have lasted over time, also considering the lack of data regarding the burden of
caregivers in the pre-COVID era. Future studies are needed to compare the situation
resulting from COVID-19 with others occurring out of this health emergency.

We did not collect data on the cognitive, psychological, and physical state of the AD
patients, having collected the information from their caregivers, so we can only assume the
presence of patient’s behavioral changes. Finally, we did not collect data on the amount of
time spent by the caregivers with the patients: in the survey, the caregiver was asked to
answer only if he/she was the main person in charge of the patient’s care, i.e., it was the
person who spent more time with the patient than other family members. In future research,
it will be necessary to extend the study to a larger sample and increase the involvement of
family members and use specific assessment tools for patients as well.

6. Conclusions

To summarize, this study has evaluated the burden of caregivers of patients with AD
during the first Italian COVID-19 lockdown. We found that there was an increase in the
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caregiver’s PSS with a worsening of their quality of life. We believe that innovative tools,
such as online questionnaires or telemedicine, could be a valuable solution to investigate
these concerns and support caregivers of people with dementia during more difficult
periods, as the COVID-19 pandemic is. These aspects are fundamental to favor the correct
management of chronic diseases at old age. Therefore, healthcare policies and assistance
services that provide support to the crucial needs of both frail people and family members
caring for them should be developed and promoted.
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Abstract: The current challenge worldwide is the administration of the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) vaccine. Considering that the COVID-19 vaccination represents
the best possibility to resolve this pandemic, this systematic review aims to clarify the major aspects
of fatal adverse effects related to COVID-19 vaccines, with the goal of advancing our knowledge,
supporting decisions, or suggesting changes in policies at local, regional, and global levels. Moreover,
this review aims to provide key recommendations to improve awareness of vaccine safety. All studies
published up to 2 December 2021 were searched using the following keywords: “COVID-19 Vaccine”,
“SARS-CoV-2 Vaccine”, “COVID-19 Vaccination”, “SARS-CoV-2 Vaccination”, and “Autopsy” or
“Post-mortem”. We included 17 papers published with fatal cases with post-mortem investigations. A
total of 38 cases were analyzed: 22 cases were related to ChAdOx1 nCoV-19 administration, 10 cases
to BNT162b2, 4 cases to mRNA-1273, and 2 cases to Ad26.COV2.S. Based on these data, autopsy is
very useful to define the main characteristics of the so-called vaccine-induced immune thrombotic
thrombocytopenia (VITT) after ChAdOx1 nCoV-19 vaccination: recurrent findings were intracranial
hemorrhage and diffused microthrombi located in multiple areas. Moreover, it is fundamental to
provide evidence about myocarditis related to the BNT162B2 vaccine. Finally, based on the discussed
data, we suggest several key recommendations to improve awareness of vaccine safety.

Keywords: COVID-19 vaccination; fatal case; adverse events following immunization (AEFI);
vaccine-induced immune thrombotic thrombocytopenia (VITT)

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has been identified as
the causative agent of coronavirus disease 2019 (COVID-19) [1]. The virus rapidly spread
around the world, leading to one of the most severe pandemics in human history: on 2 De-
cember 2021, there were 263,565,559 cases worldwide, with more than 5,225,667 confirmed
deaths, affecting 223 countries [2]. Vaccination is undoubtedly the most effective tool for
preventing infectious diseases, representing one of the most important breakthroughs in
the history of medical science. To date, more than 4.29 billion vaccine doses have been
administered worldwide, reaching about 55.9% of the global population. About 74% of
these vaccinations have been administered in high- and upper-middle-income countries,
and only 0.8% in low-income countries. In this context, it is important to note that several
high-income countries are starting to receive an additional dose, while in low-income
countries the number of fully vaccinated people is alarmingly low [3].
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The development of COVID-19 vaccines started in January 2020 with the identification
of the genetic sequence of SARS-CoV-2. Subsequently, many vaccine candidates were
tested for the development of safe and effective COVID-19 vaccines, exploring different
technologies such as mRNA, subunit proteins, and virus-based vaccines such as inactivated,
live-attenuated, and recombinant viral vaccines. A new COVID-19 vaccine that uses
circular strands of DNA to prime the immune system has recently been approved [4].
COVID-19 vaccination has been found to reduce the risk of SARS-CoV-2 transmission
as well as hospitalization and associated complications [5]. This is attributed to vaccine
efficacy through its ability to induce both humoral and cell-mediated immune responses
in vaccinated subjects [6]. It has recently been reported that vaccines averted over one
thousand deaths in Israeli during the first 4-months of the vaccination campaign [7].
Moreover, almost all patients hospitalized with COVID-19 by the end of May in Polish
hospitals were not vaccinated [8]. Similar data have been published worldwide.

Following the recommendation of the European Medicines Agency (EMA), the Euro-
pean Union authorized the use of four vaccines, opening the way to a gradual return to
pre-pandemic life. In particular, the vaccine BNT162b2 (Pfizer–BioNTech) was authorized
on 21 December 2020 [9]; another vaccine, mRNA-1273 (Moderna), was approved on
6 January 2021 [10]; the third vaccine, ChAdOx1 nCov-19 (AstraZeneca), was approved
on 29 January 2021 [11]; the fourth vaccine is Ad26.COV2.S (COVID-19 Vaccine Janssen—
Johnson & Johnson), authorized on 11 March 2021 [12]. At the moment of writing, only
these vaccines have been authorized for use in the European Union, while Sputnik V (Gam-
COVID-Vac), COVID-19 Vaccine (Vero Cell), inactivated, and Vidprevtyn are currently
under rolling review; finally, Nuvaxovid (also known as NVX-CoV2373) started the process
of marketing authorization on 16 November 2021 [13].

It is important to note that the evaluation of adverse events following vaccination
is a pivotal part of the clinical trials conducted pre-authorization. Moreover, clinical
trials are not designed to detect very rare adverse events; this requires post-authorization
monitoring. For example, in Europe, as reported on the EMA website, clinical trials are
usually conducted on carefully selected patients and followed up very closely under
controlled conditions. This means that at the time a medicine is authorized, as well as a
vaccine, it has been tested on a relatively small number of selected patients for a limited
length of time. For these reasons, it is essential that all medicines are monitored for safety
throughout their use in healthcare practice. In this way, a pharmacovigilance system is
mandatory after drug approval, monitoring suspected adverse reactions [14].

However, from a public health viewpoint, several important issues are still present
and relevant in COVID-19 vaccines. They regard not only vaccine efficacy and protection
duration, but also safety. In various countries, severe and fatal adverse effects occurring at
the same time as COVID-19 vaccination have been reported [15], generating hesitancy and
suspicion in the population [16,17].

Considering that COVID-19 vaccination represents the best possibility to resolve this
the pandemic, this systematic review aims to clarify the major aspects of fatal adverse
effects related to COVID-19 vaccines, with a further goal of advancing our knowledge
supporting decisions or suggesting changes in policies at local, regional, and global levels.
Moreover, this review aims to provide key recommendations to improve awareness of
vaccine safety.

2. Materials and Methods

2.1. Search Strategy

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses Statement
(PRISMA) recommendations were applied to perform this systematic review [18]. We
searched all publications related to SARS-CoV-2 vaccines and fatal adverse effects from the
following databases: Scopus, EMBASE, Medline (via PubMed), and Web of Science. All
studies published up to 2 December 2021 were searched without language restriction by
three independent reviewers. Searched medical subject headings (MeSH) were: “COVID-19
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Vaccine”, “SARS-CoV-2 Vaccine”, “COVID-19 Vaccination”, “SARS-CoV-2 Vaccination”,
and “Autopsy” or “Post-mortem”. References and citation lists of selected articles and
reviews were also reviewed for any other relevant literature.

2.2. Study Selection

The retrieved studies were first reviewed by three independent authors based on the
title and abstract (FS, MS, and ME), all unrelated publications were removed, and the full
texts of the remaining articles were fully reviewed. Then, two independent reviewers (CP
and PZ) judged potentially eligible articles, and disagreements were resolved by discussion
and for each article a consensus was reached.

2.3. Eligibility, Inclusion, and Exclusion Criteria

The following predetermined conditions had to be met for studies to be considered
for inclusion in this meta-analysis. For initial screening, all studies with post-mortem
investigations were included in the systematic review; English language was an inclusion
criterion. All papers without post-mortem investigations, review articles, and studies with
no extractable data were excluded from this review.

3. Results

A total of 53 publications matched the research parameters; removing duplicates,
33 articles were fully screened for COVID-19 vaccines and fatal adverse events. Out of
these studies, 17 met the systematic review inclusion criteria (Figure 1).

Figure 1. Flow diagram of the literature search and study selection for this systematic review
(PRISMA flow chart).

As summarized in Table 1, 17 papers were published with fatal cases occurring at the
same time as COVID-19 vaccine administration. A total of 38 cases (19 females, 19 males)
were described: 22 cases were related to ChAdOx1 nCoV-19 administration, 10 cases to
BNT162b2, 4 cases to mRNA-1273, and 2 cases to Ad26.COV2.S (Janssen).
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Through a box plot analysis, we have summarized the data about the age of subjects
involved in fatal adverse events after vaccination (Figure 2A), and the data about the time
interval between vaccine administration and the first symptoms (Figure 2B).

Figure 2. Box plot analysis comparing the age of subjects involved in fatal cases after vaccine administration (A). Comparison
of the time interval between vaccine administration and the first symptoms (B).

Twenty-two (14 females, 8 males) cases were reported as deaths occurring at the same
time as ChAdOx1 nCoV-19 administration. The mean age was 47.6 ± 12.28 (Male = 53.6 ± 13.9;
Female = 44 ± 9.9).

Greinacher et al. [19] reported six cases of fatal adverse effects after COVID-19 ad-
ministration, even if only one case is discussed in their report. Limiting the comments
to this case, the authors reported a portal-vein thrombosis; moreover, they described
thrombi in the splenic and upper mesenteric veins; finally, small thrombi were reported
in the infrarenal aorta and both iliac arteries. Finally, autopsy findings revealed cerebral
venous thrombosis. This paper described, for the first time, the presence of antibodies
against platelet factor 4 (PF4), suggesting a similar pathological mechanism to severe
heparin-induced thrombocytopenia (HIT).

Althaus et al. [20] discussed eight cases of death after ChAdOx1 nCoV-19 admin-
istration, although the post-mortem examination was performed in only two cases, as
reported in Table 1. The main findings were massive cerebral hemorrhage with edema,
and bilateral pulmonary thromboembolism. In both cases, the authors reported the pres-
ence of microthrombi on glomeruli. The authors concluded that all patients developed
vaccine-induced immune thrombotic thrombocytopenia (VITT) after the administration of
SARS-CoV-2 vaccine ChAdOx1 nCoV-19. This diagnosis was based on the presence of a
high antibody titer against PF4. In this paper, the authors suggested that the presence of
PF4 antibodies in VITT patients induced a significant increase in procoagulant markers.

Mauriello et al. [21] presented a fatal case of thromboembolism following administra-
tion of the first dose of ChAdOx1 nCOV-19 (AstraZeneca). At autopsy, massive cerebral
hemorrhage was found, even if the level of serum anti-PF4 antibodies was undetectable.
Based on their report, the authors suggested avoiding the use of ChAdOx1 nCOV-19 vac-
cine in subjects with a pre-existing condition of thrombocytopenia due to myelodysplasia,
such as in the reported case.

Wieldmann et al. [22] presented a case series of five women with rapid progressive
neurological symptoms, cerebral venous thrombosis (CVT) with intracerebral hemorrhage
and thrombocytopenia, occurring 7/10 days after ChAdOx1 nCOV-19 (AstraZeneca) vacci-
nation. Four of them died and autopsies were performed. The post-mortem findings are
very similar in all subjects involved: cerebral hemorrhage with the presence of thrombi at
the level of the sinuses. In all cases, the authors reported the presence of anti-PF4 antibodies.

Bjørnstad-Tuveng et al. [23] discussed a single case of a female healthcare worker
who died of intracranial hemorrhage. Moreover, the authors described the presence of
small thrombi in the transverse sinus, frontal lobe, and pulmonary artery. In light of the
previous studies, the authors performed the anti-PF4 tests confirming the presence of
these antibodies.
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Scully et al. [24] reported seven cases, even if the post-mortem examination was
performed in only one case, describing evidence of thrombosis in many small vessels
located in the lungs, intestine, cerebral veins, and venous sinuses. Moreover, an extensive
intracerebral hemorrhage and positivity for the anti-PF4 test were reported.

Günther et al. [25] described the case of a subject who presented with typical symptoms
of VITT, including thrombocytopenia, cerebral venous and sinus thrombosis (CVST), and
signs of disseminated intravascular coagulation (DIC). The presence of anti-PF4 antibodies
was reported. The post-mortem findings confirmed the presence of residual thrombus in
the left sinus transversus without evidence in the brain or in other organs.

Pomara et al. [26] presented two cases (one male and one female) of death after vaccine
administration: the presence of extensive cerebral hemorrhages was reported in both cases.
Moreover, in one case, portal and mesenteric thromboses with extension into the splenic
vein were described, while, in the other case, massive thrombosis of the whole venous tree
of the left upper limb extending from the hand to the axillary vein, with symmetric lesions
in the veins of the right hand and the right axillary vein, was reported. In both cases, the
anti-PF4 test was positive. It is important to note that for the first time the causality WHO
algorithm was adopted to determine the direct link between vaccination and a fatal adverse
effect [27]. Moreover, the same group suggested inserting autopsy as an essential tool that
should be carried out in each suspected case.

Schneider et al. [28] discussed nine cases occurring at the same time as ChAdOx1
nCOV-19 vaccination: although they did not describe the application of the WHO algorithm
to ascertain the causality relationship, the authors excluded it in one case, while they
classified another case as “unlikely”, and the other two cases as “very likely”.

The fatal cases related to the BNT162b2 vaccine administration involved 10 subjects
(7 females, 3 males), with an average age of 66.7 ± 20.8.

Edler et al. [29] described three cases of elderly subjects affected by severe cardio-
vascular diseases and other comorbidities (see Table 1). All subjects died in the context
of these pre-existing conditions, while one case, testing positive at nasopharyngeal swab,
developed COVID-19 pneumonia. In this report, it is important to note the pivotal role
of autopsy in order to exclude a causality relationship between vaccine administration
and death.

Hansel et al. [30] reported a case of an elderly male subject who had received the
first dose of the BNT162b2 mRNA COVID-19 vaccine. The man was affected by several
comorbidities, and although he did not present with any COVID-19-specific symptoms,
he tested positive for SARS-CoV-2 before he died. The authors did not confirm the causal-
ity relationship.

Schneider et al. [28] discussed the data of five cases occurring at the same time as
BNT162b2 mRNA COVID-19 vaccine administration. Based on pre-existing diseases and
post-mortem findings they did not indicate a causal relationship with the vaccination. Only
one case was classified as having a “possible” relationship with the vaccine administration.

Choi et al. [31] described a particular myocarditis related to the BNT162b2 mRNA
COVID-19 vaccine, identifying histological differences from viral or immune-mediated
myocarditis: indeed, the authors reported that the inflammatory infiltrates were predomi-
nantly neutrophils and histiocytes, rather than lymphocytes.

The fatal cases related to mRNA-1273 vaccine administration involved four subjects
(two females, two males), with an average age of 68 ± 22.5.

Verma et al. [32] reported the first fatal case after mRNA-1273 vaccination: this is the
first case related to the second rather than the first dose.

Schneider et al. [28] described three cases: the authors concluded that there was no
relationship between death and vaccine administration based on the autopsy findings
combined with pre-existing diseases.

The same authors reported one case related to the Ad26.COV2.S (Janssen) vaccine,
reporting a possible causality relationship based on post-mortem findings. Similarly, Choi
et al. [33] reported the fatal case of a subject who died two days after Ad26.COV2.S (Janssen)
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vaccination. Although the patient suffered from multiple myeloma diagnosed 1.5 years
before, the cause of death was identified as fatal systemic capillary leak syndrome possible
related to COVID-19 vaccination.

4. Discussion

Vaccination plays a key role in the pandemic war, representing a crucial measure of
infection control [34,35]. At the time of writing, COVID-19 cases are sweeping Europe once
again, particularly in those countries with a low rate of vaccination.

The first requirement is to ensure thorough, up-to-date, correct, and complete infor-
mation on vaccines. In particular, their side effects must be publicized, including all useful
information needed to interpret this properly in context [35]. Of course, in the case of
the COVID-19 vaccination, the necessity of a promptly available vaccine has led to some
adverse effects not being completely known. Although the rate of severe adverse effects
is very low, it is important to highlight that in the first phase of vaccination, the package
leaflet of each vaccine and the relative informed consent did not contain the unknown
adverse effects that were added only after the first cases of severe adverse effects. It is im-
portant to remark that a pharmacovigilance system is mandatory after each drug approval,
monitoring all suspected adverse reactions [14].

Based on the discussed data, a causality relationship between vaccine administration
and death was demonstrated in 13 cases of ChAdOx1 nCOV-19 (AstraZeneca) vaccination,
while it was excluded in the other 6 cases; in two cases the relationship was classified
as “very likely”, and in the last one as “unlikely”. As concerns BNT162B2, of the ten
cases reported in the literature, the causality relationship was established in one case,
while in another case it was defined as “possible”. Finally, the causality relationship was
established in one case of mRNA-1273 vaccination and classified as “possible” in the
two cases related to the Ad26.COV2.S (Janssen) vaccine. As recently noted in a review
published by Sharifian-Dorche et al. [36], other severe adverse effects have been described
related to other authorized vaccines.

Analyzing the international data, it has been reported that both vaccines based on
the adenoviral-based vector (ChAdOx1 nCov-19 and Ad26.COV2.S Janssen) can cause
similar adverse reactions, generating severe adverse effects such as thrombocytopenia and
thrombosis in atypical locations (cerebral and/or splanchnic veins) in healthy subjects a
few days following vaccination. Based on the data obtained through this literature review,
these symptoms appeared 8.6 ± 4.1 days after vaccine administration. All included cases
were related to the first dose administration. Nevertheless, these severe adverse effects
are extremely rare: 3 to 10 cases per million. Similar complications are lower for the two
messenger RNA (mRNA)-based vaccines (BNT162b2 and mRNA-1273): severe adverse
effects have been estimated to occur in 0.8 to 1 case per million [37].

The disclosure of any risks involved in vaccination is an integral part of the informa-
tion provided: consent may only be effectively „informed” when the risks and benefits
are completely understood. In the case of ChAdOx1 nCoV-19 we certainly cannot affirm
that at the time of the first administrations the possible effects, such as those found (cere-
bral hemorrhages and diffuse thrombosis), were fully known. In this scenario, the first
administration was completed in the absence of complete information for the patient: it is
possible to make a risk assessment only when all adverse effects are known, and the risks
are quantified based on research findings [38,39].

It is interesting to note that the criteria for the diagnosis of vaccine-induced death
have been adopted only by Pomara et al. [26,27]: the authors adopted the proposed
WHO algorithm to establish direct causality, confirming a direct link between vaccine
administration and fatal adverse effects. As recently remarked by Mungmunpuntipamtip
and Wiwanitkit [40], the criteria to establish a direct link between vaccination and fatal
adverse effects should be standardized by the international community; in this way, the
post-mortem investigation represents an essential tool to confirm all the data obtained
during hospitalization.
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The post-mortem investigation remains the gold standard to define the exact cause
of death and the related pathophysiological processes [41,42]. The COVID-19 vaccine
campaign began in about December 2020, and, at the same time, monitoring of death
associated with adverse effects started in all countries. Although different fatal events have
been reported occurring at the same time as COVID-19 vaccine administration, only a few
papers have been published describing the post-mortem findings (38 cases: 22 patients
were vaccinated with ChAdOx1 nCoV-19, 10 cases with BNT162b2, 4 cases with mRNA-
1273, and 2 cases with Ad26.COV2.S Janssen), as summarized in Table 1. Based on these
data, autopsy is very useful to define the main characteristics of the so-called VITT after
ChAdOx1 nCoV-19 vaccination: the recurrent findings were intracranial hemorrhage and
diffused microthrombi located in multiple areas. In two cases [19,26] brain hemorrhage
was preceded by portal and mesenteric thrombosis with extension into the splenic vein.
Microscopic evaluation was reported only in one study [27], showing several vascular
thrombi and hemorrhagic areas at the level of the brain. In addition, diffuse thrombi
were observed in small and medium-sized vessels due to endothelial activation after an
inflammatory reaction with a procoagulant process and subsequent thrombotic reaction.
The same group conducted immunohistochemical investigations, revealing the expression
of adhesion molecules and activated inflammatory cells in the vascular and perivascular
tissues of different organs (such as heart, lung, liver, kidney, ileum, and deep veins). The
inflammatory cells were found to be arranged in clusters with aggregated platelets at the
endoluminal level, confirming a pro-thrombotic state.

In addition, as described by Rzymski et al. [43], different mechanisms could be related
to the severe/fatal adverse effects after ChAdOx1 nCoV-19 vaccination: the possible role of
antibodies against platelet factor 4 (PF4); the direct interaction between adenoviral vector
and platelets; the possible cross-reactivity of antibodies against SARS-CoV-2 spike protein
with PF4; the possible cross-reactivity of anti-adenovirus antibodies and PF4; the possible
interaction between spike protein and platelets; the platelet expression of spike protein
and subsequent immune response; the platelet expression of other adenoviral proteins
and subsequent immuno-reactions. Finally, considering the small number of subjects
involved in similar adverse events, it is also plausible that thrombotic thrombocytopenia
after COVID-19 vaccine administration may be multifactorial, with a pivotal role played
by the genotype and/or influenced by post-transcriptional events. An important piece of
data that emerges from this review is related to the age of the subjects involved in the fatal
cases occurring at the same time as COVID-19 vaccination: while for the other vaccines the
subjects involved were over 65 y.o., in the case of ChAdOx1 nCoV-19 the average age was
47.6, suggesting that the severe adverse effects occur more frequently in subjects under
65. This finding was made analyzing the average age in female subjects involved in fatal
adverse effects related to the ChAdOx1 nCoV-19 vaccination: we found an average age of
44 years, demonstrating a high rate of involvement of females under 50 y.o.

In 8/10 cases of BNT162b2 administration, through the data collected during au-
topsy, the authors [29,30] excluded the causality relationship considering the previous
comorbidities of all involved subjects. Two cases are of interest for the scientific commu-
nity: two deceased subjects tested positive for the COVID-19 infection. Although in both
cases no signs of COVID-19 complications were found, these cases could be related to the
SARS-CoV-2 variants that may allow the virus to escape host immunity, in particular, the
immunity conferred by vaccination [44,45]. A direct relationship between vaccination and
fatal adverse effects was reported by Choi et al. [31] who identified myocarditis as a cause
of death: these findings were confirmed in a recent report describing an increased risk of
myocarditis in subjects vaccinated with BNT162b2 [46].

Considering the data about the other mRNA vaccine (mRNA-1273), Verma et al. [32]
reported the first fatal case after the second rather than first dose, although the same
authors reported that a direct causal relationship cannot be definitively established because
they did not perform testing for viral genomes or auto-antibodies in the tissue specimens.
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Finally, the two cases related to the Ad26.COV2.S (Janssen) vaccine were classified as a
“possible” relationship with the COVID-19 vaccination. Considering that the Ad26.COV2.S
(Janssen) vaccine is based on a specific type of adenovirus, it is important to note that the
anti-PF4 heparin antibody test was positive, similar to the ChAdOx1 nCoV-19 cases.

Although post-mortem investigations were reported in only a few cases, it is reason-
able to assume that the potential causality between death and COVID-19 vaccination had
been studied in a large number of post-mortem investigations for different reasons that had
not been published: the fact that only 17 papers with post-mortem investigations were pub-
lished does not mean that post-mortem investigations in deaths after vaccination were not
performed. This consideration is important in order to clarify the important effort that the
scientific community is still making to clarify all aspects related to COVID-19 vaccination.

Vaccines represent some of the greatest medical and scientific achievements of the
modern era. In particular, in the pandemic scenario, a medico-legal perspective on vaccina-
tion is very important to provide a critical viewpoint. COVID-19 vaccine administration
involves different questions, such as the possibility of side effects, which led to a fairly
diffuse suspicion and rejection by many people, especially when a fatal case occurring at
the same time as vaccine administration occurred in a young healthy subject. The use of
vaccines also poses various ethical and legal problems, including the possibility of conflicts
between individual and collective rights [34,35].

In a recent report [47], the link between vaccinations and the principles of biomedical
ethics has been discussed by assessing four fundamental principles: autonomy (freedom of
choice: mandatory and non-mandatory), non-maleficence (not causing harm), beneficence
(promoting good), and legality. Several international authors have focused on this topic
individually [48,49], suggesting that an international vaccination program should follow
seven ethical principles [49]:

- The vaccination plan should concern a disease that represents a public health issue;
- The vaccine should be safe and effective;
- The distress to participants should be as low as possible;
- The benefit/risk ratio of the program must be favorable for participants;
- The immunization program should give the population an equal share of the benefits

and burdens;
- The involvement should be, in general, voluntary, except where compulsory vaccina-

tion is essential to prevent a real risk;
- Public trust in vaccination programs should be respected and preserved.

In the case of vaccination against COVID-19, different governments decided to vac-
cinate healthcare personnel as a priority, playing a critical role in infection control in
healthcare facilities. Similar decisions have been applied worldwide [50–52]. Therefore,
considering that most deaths were recorded in the elderly and so-called “fragile” subjects,
the vaccine administration was prioritized to these categories, widening the range of sub-
jects involved. In the case of COVID-19 infection, there has been much debate on mandatory
vaccination, although at present there is freedom of choice for everyone except for several
categories such as health workers. If individual health implies self-determination, i.e., the
right of everyone to decide whether and how to treat themselves (in the extreme, even not
to treat themselves or let themselves die), in the case of collective health this right may be
limited or weakened.

5. Key Recommendations

On the basis of the discussed data, we want to suggest several key recommendations
to improve awareness of vaccine safety:

- All pathologists should publish autopsy reports in peer-reviewed journals or alter-
natively, deposit these reports in national/international databases maintained by
pathologist societies; in this way, it will be possible to examine the causality relation-
ship worldwide, analyzing other vaccines;
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- All pathologists should apply the WHO algorithm to define the causality relationship
between vaccination and adverse effects. Analyzing the data of this review, this
important tool was usually not applied, although its use is strongly encouraged to
define the causality of an adverse event following vaccination (AEFI) [53];

- The scientific community should consider the opportunity to create an international
database with all data on adverse effects related to the COVID-19 vaccination that
may be implemented and consulted by scientists worldwide.

6. Conclusions

In this context, the scientific community must work hard to reduce the growing
hesitation to vaccinate among the general population following several cases of fatal
adverse reactions. In many cases, the opposition, in the case of vaccines, is linked to
pseudo-scientific reasons (not supported by evidence) or utilitarian reasons, therefore, it
is not a question of conscientious objection. This raises a very delicate question: to what
extent can an adult transfer the possible negative consequences of his or her choices to the
entire community, as in the case of COVID-19 vaccination.

The great challenge for the scientific community in the fight against COVID-19 is
represented by the success of a global vaccination campaign and, in this light, it is important
to provide scientific evidence to remove the doubt of public opinion. In order to avoid
another „Lockdown of science” [54,55], we are firmly convinced that autopsy should be
the rule in the causality assessment of fatal cases occurring at the same time as COVID-19
vaccination. Measures such as clarifying vaccine safety and effectiveness are essential to
reduce vaccine hesitancy in the general population. Despite vaccine hesitancy being a global
phenomenon, the causes are very different in each country. As discussed in the present
review, the reports about the severe adverse effects of vaccination, such as thrombosis,
thrombocytopenia, and myocarditis, have negatively influenced public opinion, slowing
down the vaccine program. In line with these considerations, it is desirable that all data
collected after post-mortem investigations are shared in the scientific community in order
to point out the relative countermeasures.

The development and large-scale implementation of COVID-19 vaccination represents
a promising tool to achieve herd immunity, with the possibility to stop this global crisis.
Many issues must be addressed regarding current approaches to vaccination to build an
effective and correct public health response, building preparedness for future outbreaks.
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Abstract: The pandemic of 2019 novel coronavirus disease (COVID-19) caused both COVID-19-
related health hazards and the deterioration of socioeconomic and sociopsychological status due to
governmental restrictions. There were concerns that suicide mortality would increase during the
COVID-19 pandemic; however, a recent study reported that suicide mortality did not increase in
21 countries during the early pandemic period. In Japan, suicide mortality was reduced from 2009
to 2019, but both the annual number of suicide victims and the national suicide mortality rates in
2020 increased compared to that in 2019. To clarify the discrepancy of suicide mortality between
the first and second half of 2020 in Japan, the present study determines annual and monthly suicide
mortality disaggregated by prefectures, gender, age, means, motive, and household factors during the
COVID-19 pandemic and pre-pandemic periods using a linear mixed-effects model. Furthermore, the
relationship between suicide mortality and COVID-19 data (the infection rate, mortality, and duration
of the pandemic) was analysed using hierarchal linear regression with a robust standard error. The
average of monthly suicide mortality of both males and females in all 47 prefectures decreased during
the first stay-home order (April–May) (females: from 10.1–10.2 to 7.8–7.9; males: from 24.0–24.9 to
21.6 per 100,000 people), but increased after the end of the first stay-home order (July–December)
(females: from 7.5–9.5 to 10.3–14.5; males: from 19.9–23.0 to 21.1–26.7 per 100,000 people). Increasing
COVID-19-infected patients and victims indicated a tendency of suppression, but the prolongation
of the pandemic indicated a tendency of increasing female suicide mortality without affecting that
of males. Contrary to the national pattern, in metropolitan regions, decreasing suicide mortality
during the first stay-home order was not observed. Decreasing suicide mortality during the first
stay-home order was not observed in populations younger than 30 years old, whereas increasing
suicide mortality of populations younger than 30 years old after the end of the first stay-home order
was predominant. A decrease in suicide mortality of one-person household residents during the
first stay-home order was not observed. The hanging suicide mortality of males and females was
decreased and increased during and after the end of the first stay-home orders, respectively; however,
there was no decrease in metropolitan regions. These results suggest that the suicide mortality in 2020
of females, younger populations, urban residents, and one-person household residents increased
compared to those of males, the elderly, rural residents, and multiple-person household residents.
Therefore, the unexpected drastic fluctuations of suicide mortality during the COVID-19 pandemic
in Japan were probably composed of complicated reasons among various identified factors in this
study, and other unknown factors.

Keywords: suicide mortality; Japan; COVID-19; gender; region; age; motive; means; household

1. Introduction

The 2019 novel coronavirus disease (COVID-19) had globally infected more than
242 million people and contributed to over 4.9 million deaths as of 25 October 2021 [1].
In Japan, more than 1.7 million people were infected with COVID-19, and more than
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18,000 lives were lost due to COVID-19 as of 25 October 2021 [1,2]. Even today, when
vaccines are more widespread, the COVID-19 pandemic continues. In addition to COVID-
19-related health hazards, governmental COVID-19 restrictions have impacted lives and
lifestyles, resulting in the deterioration of socioeconomic and sociopsychological status. A
number of studies expressed sociopsychological concerns that the COVID-19 pandemic
has encouraged isolation, fear, marginalisation, psychiatric disorders, domestic abuse,
and intimate partner violence [3–7]. Social conditions that force the drastic modification
of lifestyles and the economy play important roles in increasing suicide mortality [8,9].
Contrary to our expectations, a recent study revealed that the risk of suicide of 21 countries
could not be detected during the early COVID-19 pandemic periods, including Japan [10].
However, an extended observation period reported that the prolongation of the COVID-19
pandemic periods increased suicide mortality in some countries and areas, such as Japan,
Puerto Rico, and Vienna (Austria) [10].

Several analytical studies that have utilised governmental suicide databases covering
the entire population reported that the impact of the COVID-19 pandemic on suicide
mortality in Japan may change over time and could have various different targets [11,12].
In Japan, suicide mortality was steadily decreasing between 2009 and 2019, but increas-
ing in 2020: from 20,169 (males: 14,078, females: 6091) to 20,919 (males: 13,943, females:
6976) (Figure 1) [13]. Analysis of gender-related dynamics of suicide mortality indicated
confusing results [14–19]. The annual suicide mortality of males decreased compared to
that in 2019, but that of females increased [15–19] (Figure 1). In various Asian countries
including Japan, where an adverse effect of the economic crisis on suicide mortality was
detected around the 2008 Asian economic crisis, the impact of the economic crisis on the
suicide mortality of males and elderly populations was greater compared to that of females
and younger populations (Figure 1A) [8,20]. According to this evidence, comprehensive
suicide prevention programmes in Japan reduced suicide mortality due to targeting males
and elderly populations [21–25]; however, the economic recession and increasing suicide
mortality in Japan were not temporally related between 2009 and 2019 (Figure 1A). There-
fore, increasing suicide mortality in 2020 was uninterpretable using previous findings. The
Ministry of Health, Labour, and Welfare (MHLW) speculated that the increasing female
suicide mortality was probably induced by mass media reports associated with the suicide
and death of celebrities with COVID-19, and increasing domestic violence, as evidenced
by the WHO guideline [26]. MHLW announced nine alerts in the mass media [27,28]
from September 2020 to September 2021, issuing a warning that reporting should be con-
ducted according to suicide reporting guidelines “Preventing suicide: a resource for media
professionals” [26].

The first modern global pandemic was the influenza pandemic (Spanish flu) between
1918 and 1920. As well as the Spanish flu [29,30], other infectious pandemics whose im-
pacts on suicide mortality have been analysed include severe acute respiratory syndrome
(SARS) [31–33] and COVID-19. Regarding the Spanish flu pandemic, suicide mortality
increased after the first pandemic phase in 1919, but an increase was not observed after
the second pandemic phase [29]; however, details of the impacts of the Spanish flu pan-
demic are not clear due to suppressed reporting of the pandemic during World War I [30].
Regarding the SARS pandemic in Hong Kong, a persistently increasing suicide mortality
rate (over 2 years) compared to the pre-pandemic period was detected [31–33]. Increasing
and decreasing (valley of suicide) suicide mortality rates were detected that were syn-
chronised with the peak of the SARS pandemic, as well as 2 months after the peak, but
these fluctuations were limited in older females [31,32]. Notably, feeling disconnected
was a more common problem in individuals who were identified as having committed
suicide in relation to SARS than in those who were identified as having committed suicide
for other reasons [33,34]. However, there is little information and evidence regarding the
time-dependent changes in suicide mortality induced by the COVID-19 pandemic in Japan.
Thus, a number of reports speculated on the basis of evidence relating to previous public
health emergencies arising from natural disasters [7,34–38]. Short-term decreasing suicide
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rates in the immediate aftermath of natural disasters are called the “honeymoon period” or
“pulling together” phenomenon [37,38]. Regional panel data analysis in Japan revealed
that, when damage caused by natural disasters is extremely severe, suicide mortality tends
to increase in the immediate aftermath of the disaster and several years later; however,
when the damage by natural disasters is less severe, suicide mortality rates tend to decrease
after the disasters, especially one or two years later [36]. Taken together with previous
findings, the time-dependent kinetics of Japanese suicide mortality in 2020 is more similar
to the tendency induced by less severe natural disasters rather than that by severe nat-
ural disasters or an economic crisis. The COVID-19 pandemic has imposed a slow and
long-term burden on society and individuals compared to severe natural disasters such as
earthquakes and tsunamis. Indeed, increasing suicide mortality rates are concerning due
to the prolongation of the COVID-19 pandemic, since the rate of suicidal ideations during
the COVID-19 pandemic is higher than that reported in studies on the general population
during the pre-pandemic period [39]. Therefore, the long-lasting burden on societies and
individuals induced by the COVID-19 pandemic is fundamentally different from that of
previous natural disasters and economic crises. John et al. reported that “any change in the
risk of suicide associated with COVID-19 is likely to be dynamic” [40]. Therefore, to clarify
who, when, how, and why individuals died by suicide in Japan during the COVID-19
pandemic, this study determines the change in suicide mortality during the pandemic
compared to the pre-pandemic period using a governmental database.

Figure 1. (A) Annual and (B) monthly suicide mortality in Japan. Ordinates indicate standardised mortality ratio (SMR) of
suicide mortality of males and females (black lines), males (blue line), and females (red line) in Japan per 100,000 people.
(A) Black arrows (1–3) indicate the collapse of the asset bubble, the Asian economic crisis, and the 2008 global financial crisis,
respectively. Blue arrows (4) and (5) indicate the contribution of the Emergency Fund to Enhance Community-Based Suicide
Countermeasures and the introduction of the Revised Basic Act on Suicide Prevention, respectively. (B) (left) Average SMR
suicide mortalities during 2017–2019. (middle, right) Monthly SMR suicide mortality in 2020 and 2021, respectively. Red
columns, period of 2019 novel coronavirus disease (COVID-19) stay-home orders; red arrows, mass media reports regarding
celebrity suicides.

2. Materials and Methods

2.1. Dependent and Independent Variables

The numbers of suicide victims of 47 prefectures in Japan from January 2017 to
June 2021 were obtained from Basic Data on Suicide in the Region (BDSR) in a national
database of the MHLW [13]. BDSR published the numbers of suicide victims disaggregated
by prefecture (47 prefectures), gender, suicide motives (health, family, economy, romance,
employment, and school-related motives), suicide means (hanging, charcoal burning,
jumping, poisoning, and throwing), household (multiple-person and one-person), and
ages (0–19 (10s), 20–29 (20s), 30–39 (30s), 40–49 (40s), 50–59 (50s), 60–69 (60s), 70–79 (70s),
and over 80 years old (80s)) [13]. The numbers of suicide victims in BDSR between
January 2017 and December 2020 were definitive values, but as of September 2021, suicide
victims between January and June 2021 are provisional values (final definitive value will
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be published in March 2022). Prefectural population data were obtained from the Regional
Statistics Database (RSD) of the System of Social and Demographic Statistics of the Statistics
Bureau of the Ministry of Internal Affairs and Communications (SBMIAC) [41].

Annual standardised mortality of suicide per 100,000 people (SMR-S) was calculated
by dividing the numbers of suicide victims per prefecture by the prefectural population
(denominator) of the same years. Monthly SMR-S, which was also calculated by dividing
monthly numbers of suicide victims per prefecture by the prefectural population of the
same years, was converted annually and adopted for statistical analysis. Annual and
monthly age, gender, and prefecture disaggregated SMR-S were also derived from age,
gender, and prefecture disaggregated numbers of suicide victims (numerator) in BDSR [13],
and age, gender, and prefecture disaggregated population exposure (denominator) [41] in
RDS [22]. BDSR data were classified by the number of suicides into six types of suicide
motives (health-, family-, economy-, romance-, employment-, and school-related problems),
five types of suicidal means (hanging, poisoning, charcoal burning, jumping, and throwing),
and household conditions (one- and multiple-person households) [13]. Suicide victims in
each region were counted by the jurisdiction of local police stations. The police investigate
personal characteristics and background factors of each suicide victim. The results of this
investigation contain a number of motives for suicide, and these motives were compared
to previously compiled suicide motive lists. Lastly, the investigation identifies the possible
motive for suicide on the basis of evidence, suicide notes, or other documentation such as
medical certificates, clinical recording, and the testimony of the surviving family [42,43].

The monthly numbers of infected individuals with COVID-19 and death caused by
COVID-19 were obtained from the Database of the National Institute of Infectious Dis-
eases [2] and Sapporo Medical University School of Medicine [44]. The monthly COVID-19
infection ratio per 100,000 people (SCR) and the mortality ratio caused by COVID-19 per
100,000 people (SMR-C) were calculated by dividing the numbers of infected individuals
and deaths caused by COVID-19 per prefecture by the prefectural population (denomina-
tor) of the same years. The monthly duration of the COVID-19 pandemic (DCP) was set as
the monthly basis, with March 2020 as one month, since the SCR was drastically increased
in March 2020 (first Japanese patients with COVID-19 and victims who had never travelled
to China were confirmed in January and February 2020, respectively).

2.2. Statistical Analysis

The annual SMR-S between the pre-pandemic (between 2017 and 2019) and COVID-19
pandemic (between 2020 and 2021) periods was compared using a linear mixed-effects
model using BellCurve for Excel v.3.2 (Social Survey Research Information Co., Ltd.,
Tokyo, Japan) [45–47]. Monthly SMR-S between the COVID-19 pandemic period (between
January 2020 and June 2021) and the average of SMR-S at the same month pre-pandemic
(between January 2017 and December 2019) were also compared by linear mixed-effects
model using BellCurve for Excel v.3.2. When the F value of the linear mixed-effects
model was significant (p < 0.05), data were analysed by Tukey’s multiple comparison
test. The governmental guideline for suicide prevention in Japan was stipulated in the
General Policies for Comprehensive Measures against Suicide, which was revised in
2017. This revised guideline required prefectures to majorly improve scientific evidence-
based regional suicide prevention programmes. Therefore, the pre-pandemic period was
set between 2017 and 2019. The present study analysed the impact of SCR (monthly
standardised COVID-19 infection ratio), SMR-C (monthly standardised mortality ratio
caused by COVID-19), and DCP (duration of COVID-19 pandemic) on monthly SMR-S
(between March 2020 and June 2021) using a hierarchical linear regression model with
robust standard error (HLM7, Scientific Software International, Skokie, IL, USA) [23,24].

First, both linear mixed-effects and hierarchical linear regression models were anal-
ysed in all 47 prefectures. The target regions of the first governmental stay-home order
(between April and May 2020) were major metropolitan regions in Japan, such as Tokyo,
Saitama, Chiba, and Kanagawa, the Kansai area (Osaka, Kyoto, and Hyogo, Japan), the
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Chukyo area (Aichi), the Fukuoka area (Fukuoka), and the Sapporo area (Hokkaido, Japan).
Second, both linear mixed-effects and hierarchical linear regression models were analysed
in metropolitan regions as serious COVID-19 infection areas.

3. Results

3.1. Suicide Mortality Disaggregated by Gender

Linear mixed-effect models detected the significantly different annual and monthly
SMR-S of all 47 prefectures between COVID-19 pre-pandemic (between 2017 and 2019)
and pandemic (between 2020 and 2021) periods. In all 47 prefectures, the annual SMR-S
of females was increased in 2020, but that of males was decreased compared to average
SMR-S during the pre-pandemic period (Figures 2 and 3). In 2020, the monthly SMR-S
of males and females decreased during the first stay-home order (between April and
May 2020) compared to the average SMR-S at the same month during the pre-pandemic
period (Table 1, Figures 2 and 3). The monthly SMR-S of both males and females increased
between the first and second stay-home orders (between August and December 2020)
compared to the average SMR-S in the same month during the pre-pandemic period
(Table 1, Figures 2 and 3). In 2021, the trends of the monthly SMR-S of males and females
were different from those in 2020. The SMR-S of both males and females during the
second stay-home order (between January and March 2021) increased, but there were no
differences in that of both males and females during the third stay-home order (between
May and July 2021) compared to the pre-pandemic period (Table 1, Figures 2 and 3).

Figure 2. Temporal fluctuations of monthly standardised suicide mortalities (SMR-S) during COVID-
19 pandemic period (2020–2021) compared to the average of the same month of SMR-S during the
pre-pandemic period (2017–2019). Dotted black, red, and blue lines indicate the average of SMR-S for
(A) males, (B) females of all 47 prefectures, and (C) males and (D) females of metropolitan regions.
Ordinates indicate the SMR-S (per 100,000 people), and abscissas indicate the month. * p < 0.05,
significant change using a linear mixed-effects model with Tukey’s multiple comparison. Red and
blue asterisks indicate significant changes in SMR-S in 2020 and 2021, respectively, compared to the
average SMR-S of the same month during the pre-pandemic period.
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Figure 3. Comparison of annual and monthly standardised suicide mortalities (SMR-S) during COVID-19 pandemic period
compared to the average of the same month of SMR-S during the pre-pandemic period (2017–2019), and the impact of the
COVID-19 pandemic on SMR-S. Blue and red columns indicate significant decreasing and increasing suicide mortalities
using a linear mixed-effects model with Tukey’s multiple comparison (p < 0.05). Light blue and red columns indicate
significant decrease and increase factors against SMR-S using hierarchical linear model with robust standard error (p < 0.05).
SMR-S: standardised suicide mortality per 100,000 people. SCR: standardised infection with COVID-19 per 100,000 people.
SMR-C: standardised mortality caused by COVID-19 per 100,000 people. DCP: during COVID-19 pandemic.

Table 1. Monthly standardised suicide mortalities (SMR-S) of males and females in all 47 prefectures and five metropolitan
regions (per 100,000 people).

All 47 Prefectures Five Metropolitan Regions

Male Female Male Female

Year Month Mean ± SD (p) Mean± SD (p) Mean ± SD (p) Mean ± SD (p)

Pre-pandemic 1 23.2 ± 4.8 9.1 ± 2.2 19.2 ± 3.3 8.4 ± 1.4
Average 2 20.6 ± 4.3 8.6 ± 2.3 21.0 ± 3.3 9.6 ± 1.4

(2017–2019) 3 26.1 ± 4.7 9.7 ± 2.8 22.6 ± 2.9 9.8 ± 1.5
4 24.0 ± 4.5 10.2 ± 2.7 21.4 ± 2.6 9.9 ± 1.5
5 24.9 ± 5.0 10.1 ± 2.8 21.7 ± 4.0 10.5 ± 1.0
6 22.7 ± 4.7 9.5 ± 2.1 20.5 ± 2.2 9.5 ± 1.4
7 23.2 ± 5.3 9.8 ± 2.6 20.7 ± 3.0 9.4 ± 1.0
8 23.0 ± 4.7 9.5 ± 2.6 19.4 ± 2.7 8.6 ± 1.5
9 22.8 ± 5.1 8.6 ± 2.2 20.5 ± 3.7 9.7 ± 1.3

10 22.1 ± 4.9 8.8 ± 2.1 19.0 ± 2.5 9.0 ± 1.3
11 21.0 ± 4.5 9.0 ± 2.1 19.2 ± 3.6 9.2 ± 1.2
12 19.9 ± 3.4 7.5 ± 2.0 17.4 ± 2.6 8.1 ± 1.2

2020 1 24.3 ± 6.1 (0.35) 9.3 ± 3.5 (0.75) 21.3 ± 3.4 (0.03) * 8.4 ± 1.7 (0.93)
2 20.8 ± 6.4 (0.88) 7.3 ± 3.1 (0.01) ** 20.1 ± 3.0 (0.32) 8.6 ± 2.8 (0.30)
3 25.9 ± 7.8 (0.83) 9.0 ± 3.9 (0.27) 21.8 ± 2.6 (0.47) 9.2 ± 1.8 (0.46)
4 21.6 ± 6.1 (0.01) * 7.8 ± 3.9 (0.00) ** 19.0 ± 3.5 (0.08) 8.9 ± 1.7 (0.22)
5 21.6 ± 8.4 (0.01) ** 7.9 ± 3.9 (0.00) ** 18.9 ± 3.4 (0.11) 9.0 ± 2.5 (0.08)
6 20.7 ± 5.9 (0.08) 9.7 ± 3.8 (0.76) 21.1 ± 3.4 (0.51) 9.7 ± 1.8 (0.81)
7 24.2 ± 7.3 (0.32) 10.9 ± 4.7 (0.09) 20.5 ± 3.4 (0.93) 12.9 ± 3.4 (0.01) **
8 25.4 ± 7.1 (0.01) * 11.7 ± 4.9 (0.00) ** 23.0 ± 2.1 (0.00) ** 11.9 ± 3.2 (0.01) *
9 25.7 ± 6.1 (0.02) * 12.3 ± 4.3 (0.00) ** 23.0 ± 3.0 (0.07) 13.4 ± 1.9 (0.00) **
10 26.7 ± 6.9 (0.00) ** 14.5 ± 5.5 (0.00) ** 24.4 ± 4.4 (0.00) ** 17.3 ± 1.8 (0.00) **
11 24.6 ± 5.8 (0.00) ** 11.4 ± 4.0 (0.00) ** 23.2 ± 2.8 (0.01) ** 11.7 ± 2.8 (0.02) *
12 21.1 ± 6.3 (0.18) 10.3 ± 4.6 (0.00) ** 17.6 ± 1.4 (0.82) 10.8 ± 2.3 (0.03) *

2021 1 23.3 ± 6.5 (1.00) 10.0 ± 3.8 (0.37) 21.6 ± 3.8 (0.03) * 11.0 ± 1.6 (0.00) **
2 23.2 ± 5.5 (0.03) * 9.7 ± 4.3 (0.19) 22.2 ± 4.2 (0.54) 10.6 ± 1.9 (0.48)
3 26.3 ± 8.3 (0.99) 12.0 ± 4.6 (0.00) ** 23.1 ± 3.8 (0.93) 12.4 ± 2.9 (0.03) *
4 24.9 ± 8.5 (0.71) 10.4 ± 3.4 (0.97) 20.7 ± 6.1 (0.89) 11.1 ± 2.3 (0.22)
5 24.5 ± 8.2 (0.94) 10.7 ± 3.5 (0.52) 19.9 ± 6.4 (0.68) 9.7 ± 2.7 (0.66)
6 23.5 ± 7.7 (0.80) 11.2 ± 4.8 (0.06) 20.3 ± 3.6 (0.99) 11.1 ± 3.1 (0.25)

* p < 0.05, ** p < 0.05: significant change compared to average SMR-S of the same month during pre-pandemic period (between 2017 and
2019) using a linear mixed-effects model with Tukey’s multiple comparison. (p), p values of linear mixed-effects model with Tukey’s
multiple comparison.

These results indicate that significant fluctuations were observed in the suicide mor-
tality of both males and females in 2020, which were classified into two phases: decreasing
suicide during the first stay-home order and increasing suicide between the first and second
stay-home orders. The suicide mortality of males and females in 2021 is expected to be
slightly higher than that in pre-pandemic periods, but it seems to be stabilising, at least
compared to the fluctuations of suicide mortality in 2020. The response of suicide mortality
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to the stay-home order was probably attenuated in a frequency-dependent manner of
announcements of the stay-at-home orders.

In five major metropolitan regions that were the most severe pandemic regions (cap-
ital, Kansai, Chukyo, Fukuoka, and Sapporo metropolitan regions), the linear mixed-
effect model detected significantly different annual and monthly SMR-S between the
pre-pandemic (between 2017 and 2019) and pandemic periods (between 2020 and 2021)
(Table 1, Figures 2 and 3). The annual SMR-S of females in 2020 increased, but that of males
did not change compared to the average SMR-S of five metropolitan regions during the
pre-pandemic period (Table 1, Figures 2 and 3). In 2020, the monthly SMR-S of males and
females did not change during the first stay-home order compared to the average SMR-S
during the pre-pandemic period; however, similar to all 47 prefectures, the monthly SMR-S
of males and females increased between the first and second stay-home orders compared
to the average SMR-S during the pre-pandemic period (Table 1, Figures 2 and 3). In 2021,
the trends of the monthly SMR-S of males and females in 2021 were different from those in
2020, but similar to the trends of all 47 prefectures (Table 1, Figures 2 and 3). The monthly
SMR-S of males and females during the second stay-home order increased, whereas the
SMR-S of both males and females during the third stay-home order was almost equal to
that in the pre-pandemic period (Table 1, Figures 2 and 3).

Therefore, fluctuations in suicide mortality in metropolitan regions were quite different
in all 47 prefectures, since no decrease in the suicide mortality of males and females in
metropolitan regions during the first stay-home order was observed. Over the past decade,
monthly suicide mortality in Japan has been high in the first quarter and decreasing in
the following periods [13,18,48]; however, the fluctuation pattern of suicide mortality in
2020 was a variation against the traditional pattern, as it increased in the third and fourth
quarters (Figures 1 and 2).

Hierarchical linear model analysis detected a significant impact of SCR, SMR-C, and
DCP on SMR-S during the pandemic period (between March 2020 and June 2021). The
SMR-S of females in both all 47 prefectures and metropolitan regions was negatively related
to SCR and SMR-C, but positively related to DCP; however, the SMR-S of males in both all
47 prefectures and metropolitan regions was not related to SCR, SMR-C, or DCP. These
results suggest that the increase in patients with COVID-19 (SCR) and victims of COVID-19
(SMR-C) contributed to a reduction in the suicide mortality of females, but the prolongation
of the pandemic led to increased female suicide mortality. The suicide mortality of males,
on the other hand, is probably less sensitive to the influence of any data associated with
COVID-19.

3.2. Suicide Mortality Disaggregated by Age

To identify the major factors of decreasing SMR-S during the first stay-home order
and increasing SMR-S between the first and second stay-home orders, SMR-S disaggre-
gated by age and gender factors was analysed using linear mixed-effects and hierarchical
linear models.

In all 47 prefectures, in spite of decreasing monthly SMR-S in males during the first
stay-home order, increasing monthly SMR-S in males over 50 between the first and second
stay-home orders was not detected. The annual SMR-S of elderly (70s and 80s) females in
2020 decreased, whereas the annual SMR-S of females younger than 40 increased compared
to the average annual SMR-S of the pre-pandemic period (Figures 4 and 5). In metropolitan
regions, decreasing and increasing annual SMR-S in 2020 was not observed except for the
SMR-S of males in their 50s and 10s, respectively (Figures 4 and 5).
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Figure 4. Temporal fluctuations in monthly SMR-S disaggregated by gender, age, and regional factors during the COVID-19
pandemic period (2020–2021) compared to the average of SMR-S during the same month during the pre-pandemic period
(2017–2019). Dotted black, red, and blue lines indicate the average of SMR-S for (A) males from all 47 prefectures, (B) males
from metropolitan regions, (C) females from all 47 prefectures, and (D) females from metropolitan regions. Ordinates
indicate the SMR-S (per 100,000 people), and abscissas indicate the month. * p < 0.05, significant change using a linear
mixed-effects model with Tukey’s multiple comparison. Red and blue asterisks indicate significant changes in SMR-S in
2020 and 2021, respectively, compared to the average SMR-S of the same month during the pre-pandemic period.
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Figure 5. Comparison of annual and monthly SMR-S disaggregated by age during the pandemic period compared to the
average SMR-S of the same month during the pre-pandemic period, and impact of COVID-19 pandemic on SMR-S in Japan.
Blue and red columns indicate significant decreasing and increasing suicide mortality using a linear mixed-effects model
with Tukey’s multiple comparison (p < 0.05). Light blue and red columns indicate significant decreasing and increasing
factors against SMR-S using hierarchical linear model with robust standard error (p < 0.05). SMR-S: standardised suicide
mortality per 100,000 people. SCR: standardised infection with COVID-19 per 100,000 people. SMR-C: standardised
mortality caused by COVID-19 per 100,000 people. DCP: during COVID-19 pandemic.

In all 47 prefectures, the kinetics of the monthly SMR-S of males and females de-
creased during the first stay-home order, but the monthly SMR-S of males and females
was increased between the first and second stay-home orders compared to the average
SMR-S for the same month during the pre-pandemic period (Figures 4 and 5). The tendency
of decreasing SMR-S during the first stay-home order was more predominant in older
populations in both males (30s–70s) and females (50s–80s) compared to younger popula-
tions. Increasing SMR-S between the first and second stay-home orders was detected in
younger populations in males (10s–40s), but not in older males (50s–80s) (Figures 4 and 5).
In contrast, a decrease during the first stay-home order and an increase between the first
and second stay-home orders in the SMR-S of females were detected in a wide range of
ages of females (30s–70s), but a decrease during the first stay-home order and an increase
between the first and second stay-home orders in SMR-S were not observed in younger
(10s and 20s) and elderly (80s) females, respectively (Figures 4 and 5).

In metropolitan regions, the age-dependent fluctuations of males’ SMR-S were more
pronounced, since the fluctuation of younger males (10s–30s) increased between the first
and second stay-home orders without a decrease during the first stay-home order. Contrary
to males, an increased SMR-S of wide-range-age females was observed, whereas a decrease
in the SMR-S of females during the first stay-home order was not detected except for
females in their 20s and 80s (Figures 4 and 5).

In SMR-S disaggregated by only the gender factor, the polarised responses of SMR-S
to COVID-19-related data, SCR, SMR-C, and DCP were slightly weakened, using SMR-S
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disaggregated by gender with age factors by the hierarchical linear model (Figure 5). A
positive relationship between SMR-S and DCP was still detected in females over 30 in all
47 prefectures, whereas a negative impact of SCR and SMR-C on SMR-S was not detected
in females except for those in their 70s (Figure 5). Furthermore, in metropolitan regions,
a positive impact of DCP on SMR-S was detected in only females in their 40s and 80s,
whereas a negative impact of SCR and SMR-C on SMR-S was detected in females in their
60s–80s. In all 47 prefectures and metropolitan regions, a significant responsiveness of
males’ SMR-S to COVID-19-related data, SCR, SMR-C, and DCP was also detected, but
with less consistent results (Figure 5). Nevertheless, the impact of COVID-19-related data,
SCR, SMR-C, and DCP on the SMR-S of males was negligible compared to that of females.

3.3. Suicide Mortality Disaggregated by Household Condition

In all 47 prefectures, the annual SMR-S in 2020 for multiple-person household resident
males and females decreased and increased, respectively; however, the SMR-S for one-
person household resident males nor females did not change (Figures 6 and 7). The
monthly SMR-S of multiple-person household resident males and females decreased
during the first stay-home order (Figures 6 and 7). Contrary to multiple-person residents,
the monthly SMR-S of one-person household residents (both males and females) did not
change during the first stay-home order; however, between the first and second stay-
home orders, the monthly SMR-S of multiple- and one-person resident males and females
increased (Figures 6 and 7). The monthly SMR-S of one-person household resident males
and females increased during the second or third stay-home order, whereas an increase
was not detected in multiple-person household resident males or females during 2021
(Figures 6 and 7).

In metropolitan regions, a decrease in the monthly SMR-S of multiple- and one-person
households resident males and females was not observed during the first stay-home
order (Figure 5). Between the first and second stay-home orders, the monthly SMR-S of
multiple- and one-person household resident males and females increased. Similar to all
47 prefectures, the monthly SMR-S of one-person household resident males and females
increased during the second stay-home order. The monthly SMR-S of multiple-person
household resident females increased in 2021, but that of males did not in 2021 (Figure 5).

Figure 6. Temporal fluctuations in monthly SMR-S disaggregated by gender, household condition, and regional factors
during the COVID-19 pandemic period (2020–2021) compared to the average of SMR-S for the same month during the
pre-pandemic period (2017–2019). Dotted black, red, and blue lines indicate the average of SMR-S for (A) males from all
47 prefectures, (B) males from metropolitan regions, (C) females from all 47 prefectures and (D) females from metropolitan
regions. Ordinates indicate the SMR-S (per 100,000 people), and abscissas indicate the month. * p < 0.05, significant change
using a linear mixed-effects model with Tukey’s multiple comparison. Red and blue asterisks indicate significant changes in
SMR-S in 2020 and 2021, respectively, compared to the average SMR-S of the same month during the pre-pandemic period.
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Figure 7. Comparison of annual and monthly SMR-S disaggregated by household condition during the pandemic period to
average SMR-S of the same month during the pre-pandemic period, and impact of COVID-19 pandemic on SMR-S in Japan.
Blue and red columns indicate significant decreasing and increasing suicide mortality using a linear mixed-effects model
with Tukey’s multiple comparison (p < 0.05). Light blue and red columns indicate significant decreasing and increasing
factors against SMR-S using hierarchical linear model with robust standard error (p < 0.05). SMR-S: standardised suicide
mortality per 100,000 people. SCR: standardised infection with COVID-19 per 100,000 people. SMR-C: standardised
mortality caused by COVID-19 per 100,000 people. DCP: during COVID-19 pandemic.

The hierarchical linear model detected a significantly positive impact of DCP on the
SMR-S of all females. There was a negative impact of SMR-C on the SMR-S of multiple-
person household resident females in both all 47 prefectures and metropolitan regions,
and one-person household resident females in metropolitan regions; however, SCR was
negatively related to only the SMR-S of one-person household resident females in all 47
prefectures. The SMR-S of multiple-person household resident males in metropolitan
regions was negatively related to SCR, whereas a relationship of other SMR-S of males
with COVID-19-related data was not detected (Figure 5).

3.4. Suicide Mortality Disaggregated by Suicide Means

Out of five major suicide methods (hanging, poisoning, charcoal burning, jumping,
and throwing), the SMR-S for hanging was specifically increased during the COVID-19
pandemic period compared to in the pre-pandemic period (Figures 8 and 9). The annual
hanging SMR-S of females in all 47 prefectures and metropolitan regions specifically
increased, but significant changes in other SMR-S were not detected (Figures 8 and 9).
Furthermore, an increasing monthly SMR-S between the first and second stay-home orders
was detected in the hanging suicide mortality of both males and females in all 47 prefectures
and metropolitan regions; however, consistent changes in the other monthly SMR-S of
poisoning, charcoal burning, jumping, and throwing were not observed (Figures 8 and 9).
Increasing and decreasing SMR-S during and after the first stay-home order, respectively,
of other suicide means (poisoning, charcoal burning, jumping, and throwing) were also
detected, but these fluctuations were sporadic and nonpersistent. DCP and SMR-C were
positively and negatively related to the hanging SMR-S of females in both all 47 prefectures
and metropolitan regions. The hanging SMR-S of females in both all 47 prefectures and
metropolitan regions displayed a persistent increase from the second half of 2020 to the
first quarter of 2021 (Figures 8 and 9).
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Figure 8. Temporal fluctuations in monthly SMR-S disaggregated by gender, suicidal means, and regional factors during
COVID-19 pandemic period (2020–2021) compared to the average of SMR-S in the same month during the pre-pandemic
period (2017–2019). Dotted black, red, and blue lines indicate the average of SMR-S for (A) males from all 47 prefectures,
(B) males from metropolitan regions, (C) females from all 47 prefectures, and (D) females from metropolitan regions.
Ordinates indicate the SMR-S (per 100,000 people), and abscissas indicate the month. * p < 0.05, significant change using a
linear mixed-effects model with Tukey’s multiple comparison. Red and blue asterisks indicate significant changes in SMR-S
in 2020 and 2021, respectively, compared to the average SMR-S of the same month during the pre-pandemic period.

Figure 9. Comparison of annual and monthly SMR-S disaggregated by suicide means during the pandemic period to
average SMR-S of the same month during pre-pandemic period, and impact of COVID-19 pandemic on SMR-S in Japan.
Blue and red columns indicate significant decreasing and increasing suicide mortality using a linear mixed-effects model
with Tukey’s multiple comparison (p < 0.05). Light blue and red columns indicate significant decreasing and increasing
factors against SMR-S using hierarchical linear model with robust standard error (p < 0.05). SMR-S: standardised suicide
mortality per 100,000 people. SCR: standardised infection with COVID-19 per 100,000 people. SMR-C: standardised
mortality caused by COVID-19 per 100,000 people. DCP: during COVID-19 pandemic.
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3.5. Suicide Mortality by Motive

In Japan, the most dominant suicidal motive was health-related problems (for males
in order: health > economy > family > employment > romance > school; for females in
order: health > family > economy > employment > romance > school) [23,24,42]. The
annual SMR-S of males caused by a health- and economy-related motive in 2020 decreased,
but other SMR-S caused by family-, employment-, romance-, and school-related motives
did not change. The annual SMR-S of females caused by employment- and school-related
motives in 2020 increased, but other SMR-S caused by family-, health-, economy-, and
school-related motives did not change. In metropolitan regions, the annual SMR-S of
males disaggregated by motives did not change. The annual SMR-S of females caused by
employment- and romance-related motives increased, but other SMR-S disaggregated by
motives did not change in metropolitan regions.

In all 47 prefectures, the monthly SMR-S of males caused by health-, economy-, and
employment-related motives decreased during the first stay-home order. The SMR-S of fe-
males caused by family- and economy-related motives also decreased, whereas that caused
by health-related motives did not during the first stay-home order (Figures 10 and 11).
Contrary to during the first stay-home order, between the first and second stay-home
orders, female SMR-S caused by health- and family-related motives increased. Male SMR-S
caused by health- and employment-related motives transiently increased, but that caused
by family- and economy-related motives did not change between the first and second
stay-home orders (Figures 10 and 11).

Figure 10. Temporal fluctuations in monthly SMR-S disaggregated by gender, suicidal reason, and regional factors during
the COVID-19 pandemic period (2020–2021) compared to the average SMR-S of the same month during the pre-pandemic
period (2017–2019). Dotted black, red, and blue lines indicate the average of SMR-S for (A) males from all 47 prefectures,
(B) males from metropolitan regions, (C) females from all 47 prefectures, and (D) females from metropolitan regions.
Ordinates indicate the SMR-S (per 100,000 people), and abscissas indicate the month. * p < 0.05, significant change using a
linear mixed-effects model with Tukey’s multiple comparison. Red and blue asterisks indicate significant changes in SMR-S
in 2020 and 2021, respectively, compared to the average SMR-S of the same month during the pre-pandemic period.
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Figure 11. Comparison of annual and monthly SMR-S caused by suicidal motives during the pandemic period to average
SMR-S of the same month during the pre-pandemic period, and impact of COVID-19 pandemic on SMR-S in Japan. Blue
and red columns indicate significant decreasing and increasing suicide mortality using a linear mixed-effects model with
Tukey’s multiple comparison (p < 0.05). Light blue and red columns indicate significant decreasing and increasing factors
against SMR-S using hierarchical linear model with robust standard error (p < 0.05). SMR-S: standardised suicide mortality
per 100,000 people. SCR: standardised infection with COVID-19 per 100,000 people. SMR-C: standardised mortality caused
by COVID-19 per 100,000 people. DCP: during COVID-19 pandemic.

In metropolitan regions, significant decreases in the monthly SMR-S of males caused by
family-, health-, economy-, employment-, romance-, and school-related motives were not
observed during the first stay-home order (Figures 10 and 11). In the dominant SMR-S of
females, the monthly SMR-S caused by family- and romance-related motives also decreased,
whereas that caused by economy-related motives was unexpectedly increased during the
first stay-home order. Between the first and second stay-home orders, the monthly SMR-S
of males caused by health-related motives was increased, and that caused by family-,
economy-, and employment-related motives transiently increased. Male SMR-S caused by
health-, family-, and economy-related motives transiently increased (Figures 10 and 11).

In all 47 prefectures, the hierarchical linear model detected a significant negative im-
pact of SMR-C on the SMR-S of males and females caused by a health-related motive. The
female SMR-S caused by a family-related motive was positively related to DCP (Figure 11).
In metropolitan regions, the SMR-S of males caused by health-related motives was neg-
atively related to SMR-C. Both SCR and SMR-C were negatively related to the SMR-S of
females caused by health-related motives, and DCP was positively related to SMR-S caused
by family- and health-related motives.

The SMR-S of females caused by economy-related motives in metropolitan regions was
the sole increasing factor during the first stay-home order (Figures 10 and 11). Therefore,
we reanalysed the SMR-S of males and females disaggregated by five major motives. In all
47 prefectures, the SMR-S of males and females caused by economy-related motives was
decreased during the first stay-home order, and increased between the first and second
stay-home orders (Figure 12). In contrast, the SMR-S of males and females caused by
economy-related motives was increased in May–June 2020 and January–February 2021
without decreasing in the other months (Figure 12).
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Figure 12. Comparison of annual and monthly SMR-S of males and females caused by suicidal motives during the
pandemic period compared to average SMR-S of the same month during the pre-pandemic period, and impact of COVID-19
pandemic on SMR-S in Japan. Blue and red columns indicate significant decreasing and increasing suicide mortality using a
linear mixed-effects model with Tukey’s multiple comparison (p < 0.05). Light blue and red columns indicate significant
decreasing and increasing factors against SMR-S using hierarchical linear model with robust standard error (p < 0.05).
SMR-S: standardised suicide mortality per 100,000 people. SCR: standardised infection with COVID-19 per 100,000 people.
SMR-C: standardised mortality caused by COVID-19 per 100,000 people. DCP: during COVID-19 pandemic.

4. Discussion

4.1. Overall Fluctuations of Suicide Mortality during COVID-19 Pandemic in Japan

The present study identified who died by suicide, when, why, and how during the
COVID-19 pandemic period using a linear mixed-effects model and a hierarchical linear
model with robust standard error. Overall fluctuations of suicide mortalities of males
and females in 2020 led to a decrease during the first stay-home order (April–May 2020),
and an increase between first and second stay-home orders (August–December 2020).
However, the fluctuations in the suicide mortality of males and females appeared to be
stabilised in the first half of 2021, including during the second (January–March 2021) and
third (April–Jun 2021) stay-home orders. Contrary to national trends of suicide mortality,
there was a lack of a decrease in the suicide mortality of males and females during the
first stay-home order in five metropolitan regions; however, fluctuations in the suicide
mortality of males and females in metropolitan regions also appeared to be stabilising
in the first half of 2021. Therefore, fluctuations in suicide mortality in 2020, decreasing
during the first stay-home order and increasing between the first and second stay-home
orders, probably constituted a specific pattern. A recent study revealed that the risk of
suicide in 21 countries could not be detected during the early COVID-19 pandemic periods.
Initially, the first stay-home order was announced to metropolitan regions due to the
spread COVID-19 in these regions in April 2020, but a short-term stay-home order was
then announced to all 47 prefectures in May 2020 to prevent the spread of COVID-19 to
rural regions induced by long holidays in May (Golden Week). Interpreted on the basis
of previous natural disaster cases, the reduction in SMR-S in all 47 prefectures during the
first stay-home order might be similar to the “honeymoon period” phenomenon [37,38].
However, the smaller reduction in SMR-S in the metropolitan regions during the first
stay-home order cannot deny the possibility that the impact associated with COVID-19
spread or the first stay-home order on individuals in metropolitan regions was greater than
that in other regions. The stabilisation of suicide mortality observed with each stay-home
order may also suggest becoming accustomed to the pandemic; however, hierarchical
linear model analysis detected an interaction between the negative effects of DCP (duration
of the pandemic) and the positive effects of SMR-C (mortality caused by COVID-19) and
SCR (infected population with COVID-19) on the suicide mortality of females, possibly
neutralising each other. Therefore, suicide mortality was probably composed of various
factors’ interactions.
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4.2. When and Who Died by Suicide

This characteristic could be detected even in the issue of who died by suicide and
when. Regarding the analysis of all 47 prefectures, the suicide mortality of over 40s males
decreased during the first stay-home order, and did not increase between the first and
second stay-home orders, whereas the suicide mortality of young (10s–20s) males did
not decrease during the first stay-home order, but increased between the first and second
stay-home orders. Additionally, regional characteristics of the fluctuation in males’ SMR-S
in 2020 could not be detected. In the analysis of females from all 47 prefectures, the suicide
mortality of young females (10s–20s) did not decrease during the first stay-home order, but
increased between the first and second stay-home orders, similar to the SMR-S of young
males. Contrary to males, the suicide mortality of females over 30 also decreased during
the first stay-home order, but increased between the first and second stay-home orders,
contrary to the suicide mortality of males over the age of 40. Regarding metropolitan
regions, the SMR-S of males in metropolitan regions had a similar fluctuation pattern in all
47 prefectures; however, the SMR-S of females during the first stay-home order was minor,
but increased between the first and second stay-home orders. Therefore, the combination of
the increasing suicide mortality of females between the first and second stay-home orders
and the less decreasing suicide mortality of females in metropolitan regions contributed to
the increase in suicide mortality in 2020.

The gender-specific characteristics of SMR-S fluctuation between multiple-person
household resident males and females could not be observed in all 47 prefectures, since
the SMR-S of both males and females decreased during the first stay-home order and
increased between the first and second stay-home orders. Contrarily, SMR-S fluctuations
among one-person household resident males and females displayed a different pattern to
those of multiple-person household residents, since no decrease in the suicide mortality
of one-person household residents during the first stay-home order was found across
all 47 prefectures. This lack of a decrease during the first stay-home order was also
observed in both multiple-person and one-person household resident males and females
in metropolitan regions. Therefore, the lack of a decrease in suicide mortalities among
one-person household residents during the first stay-home order contributed to an increase
in the annual suicide mortality of females in 2020.

4.3. When and Who Died by Suicide, and How

This characteristic could also be detected even in the issue of who died by suicide,
when, and how. A consistent increase in hanging suicide could be detected between the
first and second stay-home orders, irrespective of gender or region. Mass media frequently
reported on celebrities dying by hanging suicide in July and September 2020. MHLW
speculated that the increasing suicide mortality of females between the first and second
stay-home orders was probably induced by these frequent reports of mass media [27,28].
In particular, these frequent reports from mass media deviated from the suicide reporting
WHO guidelines “Preventing suicide: a resource for media professionals” [26]. However,
the most dominant locations and tools of hanging suicide, which was the most common
means of suicide in Japan [25,48], were people’s homes and every-day items, such as belts,
electric flex, rafters or beams, bannisters, hooks, doorknobs, and trees [25,49]. Initially, we
considered that the increase in the length of staying at home due to the stay-home order
was a dominant risk factor of hanging suicide; however, the period of increasing hanging
suicide mortality was not during, but following the end of the stay-home order. Although
it is impossible to detect the more detailed factors behind the increasing hanging suicides in
this study, it is speculated that individuals who suspended hanging suicide by the first stay-
home order did die by hanging suicide due to the end of the first stay-home order, since
the prolongation of the pandemic was a risk for increasing the hanging suicide mortality of
females. Further analysis to identify the background factors of increasing hanging suicide
using various independent variables will be published to provide important findings.
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4.4. Who Died by Suicide, When, and Why

This characteristic could also even be detected in the issue of who died by suicide,
when, and why. The most predominant suicide mortality of both males and females was
caused by health-related motives [23,24,42] and was suppressed by the increasing number
of COVID-19 victims (SMR-C) detected by hierarchical linear model analysis. It is easy to
interpret that the lack of increasing suicide mortality of males caused by health-related
motives between the first and second stay-home orders (predominant in metropolitan
regions as severe infected areas with COVID-19) was sufficient to offset other increased
suicides of males. Although the suicide mortality of males caused by economy-related mo-
tives in all 47 prefectures decreased during the first stay-home order, the suicide mortality
of females caused by economy-related motives in metropolitan regions was unexpected
to be increased in April 2020. Furthermore, in spite of lacking a significant change in
males in the metropolitan region, the suicide mortality of males and females caused by
economy-related motives in metropolitan regions increased during May–June 2020. The
postponement of the Tokyo 2020 Olympics due to the COVID-19 pandemic was decided on
24 March 2021. The postponement decision of the Tokyo 2020 Olympics did not publish the
detailed postponement date with the possible cancellation [50]. The economic effect of the
Tokyo 2020 Olympics was estimated to be at least 0.2–0.3% of GDP per year [51]. This effect
is particularly concentrated in the capital metropolitan area, and it can be easily estimated
that the economic damages due to postponement were also large in metropolitan areas.
Therefore, Japanese socioeconomic deterioration status suffered due to both the stay-home
order for the suppression of COVID-19 pandemic and the postponement of the Olympics
in 2020. In other words, decreasing suicide mortality in metropolitan regions during the
first stay-home order was slight compared to that in all 47 prefectures, and probably gen-
erated by characteristics of urban areas and the seriousness of the COVID-19 infection
situation, and by being offset through economic damages due to the postponement of the
Olympics. Detailed analysis shows that the interaction between the COVID-19 pandemic
and the postponement of the Olympics on economic activity in 2020 plays important
roles in the clarification of suicide mortality caused by economy-related motives in capital
metropolitan areas.

4.5. Candidate Mechanisms of Specific Fluctuations of Suicide Mortality of Younger Populations

The present study indicated several possible factors of increasing female suicide
mortality in 2020. We considered that the lack of decreasing suicide mortality of young
populations and one-person household resident females during the first stay-home order,
and the increase after the end of the first stay-home order were characteristic fluctuation
patterns of suicide mortality in 2020. A report speculated that the reason for the increased
suicide mortality of young females in Japan was that the stay-home order led to an in-
creasing unemployment rate with a decrease in temporary employment via economic
recession [18]. However, the rate and number of temporary jobs between the first and
second stay-home orders were deteriorated compared to the pre-pandemic period (in 2019),
but this tendency was not specific to young populations [52]. Increasing domestic violence
against females was a possible reason for the increasing Japanese female suicide mortality
in 2020 [18], whereas instances of domestic violence events in 2020 were fewer than those
in 2019 [53]. Therefore, economic recession and increasing domestic violence probably did
not play important roles in the fluctuations of suicide mortality of young populations or
females in 2020.

Online communication has been a standard tool in the social landscape of young
populations in recent years [54]. During the pandemic, online communication became
indispensable. Online communication tools played important roles in preventing isolation
and maintaining schooling opportunities during the stay-home order period. However, the
lengthening duration of passive social media communication in young females was related
to increasing depressive symptoms [55]. Recent studies suggested that young females
felt less life satisfaction and increased conflict with their parents during the COVID-19
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pandemic compared to young males [56,57]. Increased family contact during the stay-home
order possibly relieved the stress of young females, including academic problems, resulting
in mitigating the potential negative impacts of the COVID-19 pandemic [58,59]. Therefore,
young one-person-household females have probably been suffering from a vicious cycle of
increasing reliance on online communication without family support. The Japan Suicide
Countermeasures Promotion Center reported the possibility that the increasing suicide
mortality after the end of the first stay-home order could not be explained only by the
frequent suicide reports from the mass media, but also due to the combination between
the large spread of the words “suicide” in SNS and the increasing suicide reports from
the mass media [60]. Therefore, it is undeniable that under increasing exposure to passive
online communication, the spread of the word “suicide” in SNS probably increased the
risk of suicide for young one-person household resident females.

4.6. Limitations

There were several limitations in this study. First, BDSR published the numbers of
suicide victims disaggregated by occupation; however, SBMIAC did not publish the exact
occupational population as a denominator. Second, BDSR did not also publish the annual
and monthly suicide mortality disaggregated by motive and age or means and age. The
present study could not identify detailed background factors of increasing female suicide
mortality between the first and second stay-home orders induced by these two limitations.
Third, the COVID-19 pandemic is not yet over, but its impact on suicide mortality using
various economic, financial, medical, and welfare indicators and comparisons of longer-
term surveys of suicide mortality between Japan and other countries could identify the
detailed background associated with the COVID-19 pandemic.

5. Conclusions

Characteristics of fluctuations in suicide mortality in Japan during the COVID-19
pandemic were outlined. Suicide mortality decreased during the first stay-home order
and increased after the end of the first stay-home order. Furthermore, the direct health
hazard of COVID-19 itself functioned as a suicide suppressor, but the prolongation of the
COVID-19 pandemic period contributed to the increasing suicide mortality of females.
Contrary to nationwide fluctuation patterns of suicide mortality, the suicide mortality of
both males and females in metropolitan regions did not have a decreasing phase during
the first stay-home order. Other factors, females, adolescents, one-person household
residents, and metropolitan areas were possible risks of increasing suicide mortality in 2020.
Additionally, the postponement of the Tokyo 2020 Olympics attenuated the decreasing
suicide mortality during the first stay-home order in metropolitan regions. Taken together
with previous findings associated with socioeconomic and sociopsychological deterioration,
in the context of Japan, a number of reports concerned the overheated reports of mass
media, financial stress, and unemployment under the governmental COVID-19 pandemic
restrictions. Although suicides in Japan might have had various influences associated with
the COVID-19 pandemic, these influences were consistent with complicated reasons among
direct and indirect factors associated with the pandemic. Although online communication
tools are important for maintaining education opportunities and preventing isolation
in young populations, online communication itself possibly promotes suicide in young
populations. Therefore, the enhancement of online communication tools needs to be
considered as a double-edged sword for young populations.
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Abstract: The adverse impact of Coronavirus disease 2019 (COVID-19) on kidney function has
been reported since the global pandemic. The burden of COVID-19 on kidney transplant recipients,
however, has not been systematically analyzed. A systematic review and meta-analysis with a
random-effect model was conducted to explore the rate of mortality, intensive care unit admission,
invasive mechanical ventilation, acute kidney injury, kidney replacement therapy and graft loss
in the adult kidney transplant population with COVID-19. Sensitivity analysis, subgroup analysis
and meta-regression were also performed. Results: we demonstrated a pooled mortality rate of
21% (95% CI: 19−23%), an intensive care unit admission rate of 26% (95% CI: 22–31%), an invasive
ventilation rate among those who required intensive care unit care of 72% (95% CI: 62–81%), an
acute kidney injury rate of 44% (95% CI: 39–49%), a kidney replacement therapy rate of 12% (95% CI:
9–15%), and a graft loss rate of 8% (95% CI: 5–15%) in kidney transplant recipients with COVID-19.
The meta-regression indicated that advancing age is associated with higher mortality; every increase
in age by 10 years was associated with an increased mortality rate of 3.7%. Regional differences in
outcome were also detected. Further studies focused on treatments and risk factor identification
are needed.

Keywords: acute kidney injury; coronavirus disease 2019; kidney replacement therapy; graft
loss; mortality

1. Introduction

The novel coronavirus, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2), caused COVID-19 from the end of 2019 and has resulted in a huge burden on global
healthcare systems. As of June 2021, more than 170 million people had been infected and
nearly 4 million died. COVID-19 consists of a primary pulmonary infection with extensive
systemic involvement. The overwhelming inflammatory response may lead to cytokine
storm and multi-organ failure.

In severe COVID-19, dysregulated immunity induces endothelial injury, complement-
mediated thrombosis and microangiopathy. The kidneys are one of the organs most
involved during the progress of the disease; therefore, acute kidney injury (AKI) is common
in patients with COVID-19 [1]. The incidence of AKI in COVID-19 varies across populations
and critically ill patients seem to be the most susceptible [2,3]. In addition to being one of the
negative impacts of COVID-19, AKI also serves as a predictor of mortality in patients with
COVID-19 [4]. The kidney function reserve varies from patient to patient, depending on
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the kidneys’ ability to handle external stresses or hazardous stimuli. In patients undergoing
cardiac surgery, poorer preoperative kidney function is associated with a higher possibility
of postoperative AKI [5]. Compared with the general population, kidney transplant
recipients have a lower average kidney function reserve; thus, they are more susceptible
to AKI [6,7].

Kidney transplant recipients are constantly at risk of complications associated with
immunosuppression, which include opportunistic infections (e.g., BK virus, Epstein–Barr
virus and cytomegalovirus infections), post-transplant lymphoproliferative disorder, and
complications associated with immunosuppressants (e.g., calcineurin inhibitor-associated
nephrotoxicity, calcineurin inhibitor- and corticosteroid-associated new-onset diabetes after
transplantation and dyslipidemia) [8]. Because of their immunosuppressed status, the
kidney transplant population is more susceptible to infection than the general population.
The risk of COVID-19 transmission from a household contact is also higher in patients
with solid organ or stem cell transplant [9]. In several studies, the reported outcomes of
COVID-19 were worse in kidney transplant recipients with COVID-19 compared with
the general population [10,11], although this has not been systematically analyzed. The
aim of this study was to systematically review and analyze the outcomes of COVID-19 in
kidney transplant recipients, including mortality rate, acute kidney injury rate, invasive
ventilation rate and rate of graft loss.

2. Materials and Methods

2.1. Literature Search Strategy

We performed this meta-analysis in accordance with the preferred reporting items for
systematic reviews and meta-analyses (PRISMA) guidelines for a meta-analysis of obser-
vational studies (Supplemental Table S1) [12]. We registered the protocol in PROSPERO
(CRD42021260803). Two independent reviewers (J.J. Chen and G. Kuo) comprehensively
searched for studies published before 08 June 2021 on PubMed, Medline, the Cochrane
Library and Embase. The search strategy targeted published clinical trials, cohort studies,
case series, letters to the editor and commentaries. The keyword and Mesh term used on
PubMed were: (((COVID-19) OR (SARS-CoV-2)) OR (coronavirus)) AND ((((Kidney Trans-
plantation) OR (Kidney transplant)) OR (Renal transplantation)) OR (Renal transplant))
with the following filters: Humans, Adult: 19+ years. English-language articles that were
published from 2019–2021 were screened.

The other detailed search strategy and the results of that search process are provided
in Supplemental Table S2. Review articles and meta-analyses were not included in our
analysis, but their references were screened and searched for relevant studies.

2.2. Study Eligibility Criteria

The titles and abstracts of the studies returned by the search were examined by two
reviewers (J.J. Chen and G. Kuo) independently, and articles were excluded upon initial
screening of their titles or abstracts if these indicated that they were clearly irrelevant
to the objective of the current study. The full texts of relevant articles were reviewed
to determine whether the studies were eligible for inclusion. The inclusion criteria are:
(i) studies enrolled an adult population with confirmed COVID-19, (ii) studies enrolled
kidney transplant recipients, (iii) studies reported at least one of the outcomes of interest.
The third reviewer (T.H. Lee) was consulted to reach an agreement through consensus
in the case of any disagreement regarding eligibility. Studies were excluded if they were
duplicated cohorts, presented insufficient information of outcomes, or included a pediatric
population or a population of more than one organ transplantation.

2.3. Data Extraction and Outcome

Two investigators (J.J. Chen and G. Kuo) independently extracted the outcomes of
interest and the characteristics of the included studies. The primary outcome in the present
study was mortality in adult kidney transplant patients with COVID-19. The secondary
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outcomes included AKI, kidney replacement therapy (KRT), ICU admission, invasive
mechanical ventilation (IMV), and graft loss. The IMV rate was calculated by the number
of patients receiving IMV divided by the number of patients admitted to the ICU. The graft
loss rate was calculated by the number of patients with graft loss divided by the number of
patients who survived after COVID-19 infection.

2.4. Data Synthesis and Analysis

The analysis was conducted using the metaprop function in R package meta (version
4.18-2) [13]. The event rates of the outcomes of interest, including the mortality, ICU
admission, AKI, IMV, KRT, and graft loss, were pooled and estimated. We chose the
random-effect model because it is methodologically conservative for summary estimates
and is more suitable as potential heterogeneity in the study populations may exist. Hetero-
geneity was examined by I2 (≥50% indicates substantial heterogeneity) and Cochran’s Q
statistic (p < 0.1 indicates moderate heterogeneity) [14–16]. The p values were two-sided,
and statistical significance was set at p < 0.05. The sensitivity analysis was performed by
removing the studies with a moderate-to-high risk of bias. The subgroup analysis was
performed to explore potential sources of heterogeneity according to the study design
(retrospective or prospective), location (single center or multi-center), patient number
(<30 or at least 30), level of care (mixed in-patient and out-patient or purely in-patient), and
areas of the countries where the study conducted (North America, Latin America, Europe,
Asia). In the meta-regression, age and sample size were considered as potential mortality
modifiers. Publication bias was assessed by the funnel plot and Egger’s test; a p value of
the Egger’s test of < 0.1 indicates potential publication bias [16]. The statistical analysis
was performed by using R software version 4.1.0 (The R Foundation, Vienna, Austria) [17].

2.5. Risk of Bias Assessment

The quality of the cohort studies was assessed independently by two authors (J.J.
Chen and G. Kuo) using the Newcastle–Ottawa scale [18], which allocates a maximum of
nine points for three major domains: quality of the selection, comparability, and outcome
of study populations. Studies with a score of 7–9 were considered as low risk of bias, those
with a score of 4–6 were considered as moderate risk of bias and those with a score of less
than 4 were considered as high risk of bias. Disagreements between the two investigators
(J.J. Chen and G. Kuo) were resolved by consensus with another author (T.H. Lee).

3. Results

3.1. Study Characteristics

The literature search flow is shown in Supplemental Figure S1. Through the electronic
database search, there were 371 potentially eligible studies from PubMed, 496 potentially
eligible studies from EMBASE, 385 studies from Medline, and 0 studies from the Cochrane
review. After removing the duplicated articles, a total of 750 articles were screened ac-
cording to their titles and abstracts. Seventy-eight full-text articles were further assessed
for eligibility after screening (Supplemental Figure S1 & Supplemental Table S2). After
excluding 19 studies for various reasons, 59 articles were included (Supplemental Table S3).
A total of 59 studies comprising 5956 participants were enrolled in our study. Most of the
studies were retrospective in design and enrolled hospitalized kidney transplant recipients
with COVID-19. A minority of studies included a mixed level of care, where kidney trans-
plant recipients with COVID-19 were managed either in the hospital or in an outpatient
clinic (Table 1).
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Table 1. Characteristics and outcomes of the included studies.

Study Design Country Location NOS Age (Mean,
y/o)

Sample
Size

Outcome

Mortality ICU MV AKI KRT
Graft
Loss

Abolghasemi [19] RC Iran Multi-center 6 49 24 10 12 NR NR NR NR

Abrishami [20] RC Iran Single-center 5 47.6 12 8 10 9 NR NR NR

Akalin [21] RC USA Single-center 5 36 60 10 NR 11 NR 6 NR

Alberici [22] RC Italy Single-center 5 59 20 5 4 0 6 1 NR

Azzi [23] PC USA Single-center 5 59 229 47 NR NR NR NR NR

Azzi [23] PC USA Single-center 5 61 79 ## NR NR 28 18 18 5

Banerjee [24] RC UK Multi-center 6 57.4 7 1 4 2 4 3 NR

Bell [25] RC Scotland (Scottish
Renal Registry) Multi-center 7 NR 24 7 NR NR NR NR NR

Benotmane [26] RC France Single-center 5 62.2 49 9 14 2 31 4 NR

Bossini [27] RC Italy Multi-center 6 60 53 15 10 9 15 3 NR

Caillard [28] RC France (nationwide
registry) Multi-center 6 60.8 279 43 88 72 106 27 9

Chavarot [29] RC France Multi-center 7 64.7 100 26 34 29 NR NR NR

Chen [30] RC USA Single-center 5 56 30 6 NR 7 NR 4 NR

Coll [31] RC Spain Multi-center 6 62 423 103 57 36 NR NR NR

Craig-Schapiro [32] RC USA, NY Single-center 6 57 80 13 NR 16 25 4 4

Cravedi [33] RC USA Multi-center 6 60 144 46 NR 42 74 NR NR

Cristelli [34] PC Brazil Single-center 5 53 491 140 NR 156 229 155 NR

Demir [35] RC Turkey Multi-center 6 44.9 40 5 7 6 14 NR NR

Devresse [36] PC USA Single-center 5 57 22 2 2 2 5 0 NR

Dheir [37] RC Turkey Single-center 5 48 20 2 NR 2 5 2 NR

Elec [38] RC Romania Single-center 5 52 42 7 8 NR 10 N NR

Elhadedy [39] RC UK Multi-center 6 50.1 8 0 1 1 2 1 0

Elias [40] PC France Multi-center 7 56.4 66 16 15 15 28 7 NR

Favà [41] RC Spain Multi-center 6 59.7 104 28 NR 14 47 NR NR

Fernández-Ruiz [42] RC Spain Single-center 5 69.1 8 2 0 0 NR NR NR

Georgery [43] RC Belgium Single-center 5 60.6 45 8 14 14 NR NR NR

Gupta [44] PC India Single-center 5 44.5 10 1 NR NR NR NR NR

Hardesty [45] RC USA Single-center 6 55 11 1 NR 3 1 1 NR

Hilbrands [46] PC Europe, ERACODA
collaboration Multi-center 7 60 305 65 57 49 30+ 30 NR

Husain [47] RC

USA, NY (Columbia
University Vagelos

College of
Physicians and

Surgeons)

Single-center 5 51 15 2 NR 4 6 NR NR

Jager [48] PC Europe, ERA-EDTA
Registry Multi-center 7 60.9 1013 191 NR NR NR NR NR

Katz-Greenberg [49] RC USA, Philadelphia Single-center 5 52.5 20 3 NR 4 9 1 1

Kumaresan [50] RC India Single-center 5 49.7 16 3 NR 3 1 1 NR

Kute [51] RC India Multi-center 6 43 250 29 53 30 121 24 12

Lubetzky [52] RC USA Single-center 5 57 54 7 NR 11 21 3 3

Lum [53] RC USA Single-center 5 48.5 41 4 9 8 11 4 1

Mamode [54] RC UK Multi-center 5 56.2 121 36 30 22 NR 19 15

Maritati [55] RC Italy Single-center 5 66 5 2 NR 3 1 1 NR

Meester [56] PC
Belgium (NBVN
Kidney Registry

Group)
Multi-center 7 NR 43 6 NR NR NR NR NR

Mella [57] RC Italy NR 5 55.5 6 4 NR 2 NR NR NR

Meziyerh [58] RC Netherlands Single-center 5 56 15 6 6 5 NR NR NR

Mohamed [59] PC UK Single-center 6 57 28 9 5 NR 14 2 NR

Molaei [60] RC Iran Single-center 5 59.6 10 2 4 4 7 NR NR
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Table 1. Cont.

Study Design Country Location NOS Age (Mean,
y/o)

Sample
Size

Outcome

Mortality ICU MV AKI KRT
Graft
Loss

Monfared [61] RC Iran Single-center 5 52 22 6 NR 5 12 NR NR

Montagud-Marrahi
[62] RC Spain Single-center 5 57.1 33 2 13 2 NR NR 1

Nair [63] RC USA, NY Single-center 5 57 10 3 5 4 5 1 NR

Oto [64] RC Turkey Multi-center 6 48.4 109 14 22 19 46 4 NR

Ozturk [65] RC Turkey Multi-center 7 48 81 9 17 14 NR NR NR

Phanish [66] RC UK Multi-center 7 62 23 6 9 6 13 4 2

Pierrotti [67] RC Brazil Single-center 5 51.9 51 13 23 17 30 19 0

Rodriguez-Cubillo [68] RC Spain Single-center 5 66 24 6 NR 5 14 3 0

Sandes-Freitas [69] RC Brazil (National
registry) Multi-center 6 53.9 8 3 4 4 4 4 2

Santeusanio [70] RC USA Single-center 5 43.8 38 11 NR 14 22 12 12

Shrivastava [71] RC USA Single-center 5 61.5 38 9 13 9 27 6 NR

Tejada [72] RC USA, Detroit
Medical Center Single-center 5 56 25 1 4 1 16 NR NR

Trujillo [73] RC Spain Single-center 5 54 10 3 NR 0 8 NR NR

Villa [74] RC Germany Single-center 6 62 7 3 NR 3 4 NR NR

Villanego [75] PC Spain (prospectively
filled registry) Multi-center 6 60 1011 220 140 NR NR NR NR

Willicombe [76] RC +
PC # UK, London Single-center 5 56 113 17 NR NR NR NR NR

Zhu [77] RC China Multi-center 6 45 10 1 NR 0 6 0 NR

# Including a seroprevalence survey and clinical cohort; ## Sub-cohort report different outcomes other than mortality; abbreviations: AKI,
Acute kidney injury; ICU, intensive care unit; KRT, kidney replacement therapy; MV, mechanical ventilation, NOS, Newcastle–Ottawa
Scale; NR: not reported; PC, prospective cohort/case series; RC, retrospective cohort/case series.

3.2. Mortality of Adult Transplant Population with COVID-19 Infection

We found 58 studies with 5948 patients that reported the mortality of COVID-19 in
adult kidney transplant recipients. The pooled mortality rate calculated by the random
effect model was 21% (95% confidence interval [CI]: 19−23%) with moderate heterogeneity
(I2 = 57%, p < 0.01) (Figure 1).

3.3. Secondary Outcomes of Adult Transplant Population with COVID-19 Infection

Thirty-two studies reported the rate of ICU admission. The pooled ICU admission
rate was 26% (95% CI: 22−31%) with moderate heterogeneity (I2 = 80%, p < 0.01). The
rates of IMV among patients requiring ICU care were reported in 21 studies. The pooled
IMV rate was 72% (95% CI: 62–81%) with moderate heterogeneity (I2 = 65%, p < 0.01).
The incidence rate of AKI was reported in 38 studies, with a pooled rate of 44% (95% CI:
39−49%) and moderate heterogeneity (I2 = 61%, p < 0.01). The requirement of KRT among
patients experiencing AKI was reported in 27 studies. The pooled KRT rate among AKI
patients was 30% (95% 22−39%) with high heterogeneity (I2 = 83%, p < 0.01), and was 12%
(9−15%) with high heterogeneity (I2 = 83%, p < 0.01) among the whole-kidney transplant
population. The rate of graft loss was reported in only 11 studies. The pooled graft loss
rate among kidney transplant COVID-19 survivors was 8% (95% CI: 5−15%) with a high
heterogeneity (I2 = 87%, p < 0.01). The summarized and detailed information of these
secondary outcomes is depicted in Figure 2.
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Figure 1. Forest plot of pooled incidence of mortality in the adult kidney transplant population with
COVID-19 infection.
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Figure 2. Forest plot of secondary outcome in the adult kidney transplant population with COVID-19 infection.

3.4. Publication and Risk of Bias of Enrolled Studies

Potential publication bias was illustrated by a funnel plot (Supplemental Figure S2).
The Egger’s test of funnel asymmetry displayed an insignificant result (p value = 0.64).
The risk of bias was assessed via the Newcastle–Ottawa scale for non-randomized studies;
we summarize the risk of bias of each study in Supplemental Table S4. For retrospective
studies with a single-center population, we considered that there was a potential risk
regarding the representativeness of the exposed cohort. Owing to the retrospective study
design in nature, most of the enrolled studies were without control group and therefore the
domain score regarding the comparability of cohorts was considered as zero.

3.5. Sensitivity Analysis, Subgroup Analysis and Meta-Regression

The sensitivity analysis was performed by including only studies with a low risk of
bias (NOS scale higher or equal to 7). A total of eight studies fulfilled this criterion. The
pooled mortality was 20% (95% CI: 18−22%) with low heterogeneity (I2 = 35%, p = 0.15).
(Figure 3A).

We performed a subgroup analysis by dividing the studies into different groups:
(1) study design, (2) single- or multi-center, (3) patient number, (4) level of care, and
(5) areas of study countries. There were no interactions for study design, single or multi-
center, patient numbers, or level of care. There was significant interaction between the
different areas of study, with a higher mortality rate reported for Latin America. (p < 0.01)
(Figure 3B).

A meta-regression was performed to examine the relationship between two covariates
(sample size and age) and mortality. Sample size was not significantly associated with
increased mortality risk (Figure 4A). The mortality rate was significantly associated with
older age (mortality rate = 0.0037 × Age − 0.0092, p value = 0.023). This implies a 3.7%
increase in mortality rate for every 10 years of age (Figure 4B).
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Figure 3. Sensitivity analysis after excluding studies with moderate-to-high risk of bias ((A), upper)
and forest plot of subgroup analysis ((B), lower).
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Figure 4. Meta-regression according to sample size ((A), upper) and age ((B), lower).

4. Discussion

In the present systematic review and meta-analysis, two points are worth noting. First,
we demonstrated higher rates of adverse outcomes in adult kidney transplant recipients
with COVID-19, and these included mortality (21%), ICU admission (26%), IMV among
those who required ICU care (72%), AKI (44%), KRT (12%) and graft loss (8%). Second,
older age is associated with an increase in mortality rate.

Compared to the general population, the incidence of AKI and KRT and the mortality
rate in kidney transplant recipients are higher [22,24,78,79]. In the non-transplant popu-
lation, Meyerowitz-Katz et al. reported a pooled infection fatality rate of 0.68% among
COVID-19 patients [78]. Levin et al. reported that the fatality rate was increased with
advanced age. The age-specific fatality rate of COVID-19 increased from less than 0.4%
below age 55 to 15% at age 85 [80]. In kidney transplant recipients, the excessive deaths may
reflect their immunocompromised status and susceptibility to infection. Using the registry
data of Australia and New Zealand, Chan et al. demonstrated a higher infection-related
mortality rate in kidney transplant recipients compared to the general population. Ozturk
et al. compared the clinical characteristics of COVID-19 among kidney transplant recipients,
HD, CKD and control groups (patients without kidney diseases) [65]. Overall, the kidney
transplant recipients demonstrated a higher mortality risk than the control group, but were
still less vulnerable to death than CKD and HD patients [65]. In addition to the severity of
COVID-19 per se, co-infection with other viruses can increase the risk of disease progres-
sion and mortality in kidney transplant recipients. Molaei et al. reported that co-infection

65



J. Clin. Med. 2021, 10, 5162

of COVID-19 and cytomegalovirus, the most prevalent pathogen in kidney transplant
recipients, might increase mortality risk [60]. In addition, potential drug–drug interactions
between immunosuppressive medications and antiviral therapy could complicate and
worsen the clinical condition [81]. In patients who recovered from COVID-19, those with
immunocompromised status may still experience longer viral shedding from the respira-
tory tract than the general population [82]. The increased susceptibility to infection and
delayed viral clearance both indicate that immunocompromised status contributes to higher
mortality in kidney transplant recipients. These findings may explain the higher mortality
risk among kidney transplant recipients when compared to the general population.

In the present study, we demonstrated that older age is a risk factor of mortality in
kidney transplant recipients with COVID-19. The observation of age-related mortality is in
agreement with the study by Chan et al. [83]. This is not surprising, because age has been
shown to be a crucial risk factor for mortality in different populations [46,84–86].

AKI is common during the routine care of kidney transplant recipients. In a retrospec-
tive longitudinal cohort study using the US Renal Data System, 11.6% of kidney transplant
recipients experienced episodes of AKI, and 14.8% of those who experienced AKI required
temporary KRT [6]. This higher susceptibility to AKI is also observed in COVID-19 patients.
According to the meta-analysis published by Chen et al., the pooled AKI occurrence in
the general population was 8.9% [79]. Among the studies enrolled in the meta-analysis by
Chen et al., there were two studies reporting the AKI rates of kidney transplant recipients
with COVID-19, which were 30–57% [22,24]. The use of calcineurin inhibitors by kidney
transplant recipients can cause vascular and endothelial damage. In COVID-19, vessels
and endothelium are targets for viral attack. The baseline susceptibility to endothelial
injury by an external insult to the vasculature may make kidney transplant recipients more
vulnerable to microvascular injury and thrombosis [87–89]. In our study, the pooled AKI
rate was 43% in the kidney transplant recipients, which is strikingly higher than in the
general population. Among those patients with AKI, 30% required KRT. The KRT rate
was higher than in previous reports on the general population, and this indicates that
COVID-19 might pose a higher risk of AKI and severe AKI requiring dialysis in kidney
transplant recipients than in the general population.

In this study, the rate of ICU admission (26%) and IMV rate (73%) were similar to
the data from the general population. In a meta-analysis, Chang et al. included 12,437
ICU-admitted COVID-19 patients, 69% of whom required IMV [90]. However, the actual
rate of ICU admission and mechanical ventilation may be difficult to compare directly
between studies because the disease prevalence may vary between different times and
countries. The capacity of ICUs and their criteria of admission may also differ among
healthcare systems.

In the present study, we also observed a difference in mortality across different areas.
Another meta-analysis demonstrated that the mortality of COVID-19 patients with at
least one comorbidity is higher in Europe and Latin America [91]. This observation,
however, should be interpreted with caution. The differences between healthcare systems
and the timing and variants of the SARS-CoV-2 pandemic, the implementation of non-
pharmaceutical intervention against viral spreading, and the speed of vaccination could
lead to variability in the extent and severity of COVID-19. The relationship between
mortality and geographic region requires further observation and investigation through
larger-scale, multinational studies.

This study features some limitations. First, information on the detailed immunosup-
pressive regimens, the concentration of immunosuppression medications, the type of the
transplants (deceased or living) and the induction therapy regimens are lacking in most
studies. Therefore, we could not adjust the outcomes with these factors. Among the studies
with smaller patient numbers, the majority of baseline immunosuppressive agents were
similar to those used in our daily practice, which included a combination of prednisolone,
mycophenolate mofetil/mycophenolic acid, and tacrolimus. A smaller fraction of patients
receive cyclosporine instead of tacrolimus, and a much smaller proportion of patients
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take leflunomide or azathioprine. The adjustment of immunosuppressants took the form
of either a reduction in the dosage or temporary discontinuation. Basuki et al. reported
a lower mortality with cyclosporine in kidney transplant recipients than with other im-
munosuppressive drugs during the treatment of COVID-19 [92]. However, only small and
limited studies reported the differences between immunosuppressive regimens. Larger
registries contain no detailed data for the comparison. Second, most studies do not report
the severity of patients’ symptoms by any known critical care scoring systems; therefore,
we could not classify patients’ disease severity beyond dividing them into an inpatient
population and a population of patients managed on an outpatient basis. In addition,
advancements in COVID-19 knowledge and management might result in improvements
in COVID-19 prognosis. However, owing to this, information on COVID-19 treatment
strategies is lacking in most studies. We analyzed the possible impact of earlier and recent
recruitment of patients on clinical outcomes using subgroup analysis and meta-regression
by stratifying the studies according to the date of final assessment or enrollment before
or after July 2020. Using these two analysis models, we did not observe any significant
difference in mortality between early and recent studies (data not shown). Furthermore,
most studies are retrospective in design and based on a single -enter population. Although
we performed a meta-regression examining the relationship between sample size and mor-
tality, the risk of bias regarding the lack of representativeness and adequate comparability
should be noted.

5. Conclusions

Our study demonstrated that adult kidney transplant recipients with COVID-19 had a
high rate of mortality, AKI, and KRT. The risk of mortality increased in proportion with the
recipients’ age. Further studies focused on risk factor stratification, immunosuppressant
drugs adjustment, and antiviral treatment in kidney transplant populations with COVID-19
infection are needed.
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Abstract: This study aimed to investigate the association of income level with susceptibility to
coronavirus disease 2019 (COVID-19) and COVID-19 morbidity and mortality. Using the Korean
National Health Insurance COVID-19 Database cohort, medical claim data from 2015 through 2020
were collected. A total of 7943 patients who were diagnosed with COVID-19 from 1 January 2020
to 4 June 2020 were included. A total of 118,914 participants had negative COVID-19 PCR tests.
Income levels were classified by 20th percentiles based on 2019 Korean National Health Insurance
premiums. The 20th percentile income levels were categorized into three groups (low, middle, and
high). The relationship of income level with susceptibility to COVID-19 and COVID-19 morbidity
and mortality was analyzed using logistic regression analysis. A high income level was related
to lower odds of COVID-19 infection (adjusted odds ratio (aOR) = 0.79, 95% confidence interval
(CI) = 0.75–0.83, p < 0.001). The negative association between income level and COVID-19 infection
was maintained in all subgroups. Patients with low income levels were susceptible to COVID-19
infection; however, there was no relation of COVID-19 morbidity and mortality with income level in
the Korean population.

Keywords: healthcare disparities; morbidity; mortality; COVID-19; case-control studies; cohort studies

1. Introduction

The coronavirus disease 2019 (COVID-19) pandemic has greatly affected many aspects
of life for people around the world. Health resources were redistributed and focused on
coping with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection [1].
The social lockdown and restricted economic activities exposed many people to unem-
ployment and bankruptcy. People in occupations requiring physical labor or face-to-face
services, such as food service employees, supermarket or warehouse workers, telemar-
keters, and drivers of public transportation, selectively encountered unprecedented job
loss. Conversely, individuals with contact-free jobs, such as programmers, executive offi-
cers, and capitalists, could continue their jobs from home and were less influenced by the
COVID-19 epidemic. As a result, economic inequalities have been accentuated during the
COVID-19 epidemic [2,3]. Increased economic inequalities are directly connected to health
inequalities [4]. The disparity of income is closely related to many factors associated with
socioeconomic risks, which may contribute to susceptibility to infection and COVID-19
mortality [4].

Low economic status has been highlighted as a factor affecting vulnerability to COVID-
19 infection [5–7]. Patients with a low economic status are more likely to reside in unhealthy
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environments with poor hygiene. Workplaces and living spaces are unfavorable for main-
taining social distancing to combat viral transmission. In addition, a diminished food
industry causes shortages of food and food insecurity, which increases the risk of COVID-
19 infection in people living in poverty [8]. The reproductive ratios of COVID-19 were
as high as 1.29 (95% confidence intervals (CI) = 1.15–1.46) in groups with unfavorable
socioeconomic status, higher than the median of 0.96 (interquartile range = 0.72–1.34) [9].
Communities with lower incomes, less insurance coverage, and more unemployment were
associated with higher rates of COVID-19 in an ecological study [7]. Moreover, a low
economic status may impede the early diagnosis and treatment of COVID-19, which in-
creases the severity of disease [10]. In an ecological study, both the incidence and mortality
of COVID-19 were correlated with the Gini coefficient (rho = +0.6906, p < 0.001 for the
incidence of COVID-19 and rho = +0.6564, p < 0.001 for the mortality of COVID-19) [6].
To assess the relation of COVID-19 infection with economic status, other socioeconomic
factors, including ethnicity, region of residence, and health insurance system, should be
included in the analyses. In Korea, the diagnosis and treatment costs of COVID-19 have
been completely covered by the Korean government, regardless of patients’ economic
status. Thus, the Korean cohort excludes the influence of accessibility and availability of
diagnosis and treatment of COVID-19 across economic levels.

We hypothesized that income level could have an impact on susceptibility to COVID-
19 and on the morbidity and mortality of COVID-19. To minimize potential confounding
effects, the analysis was adjusted for the covariates age, sex, and comorbidity.

2. Materials and Methods

2.1. Ethics

The Ethics Committee of Hallym University (2020-07-022) permitted this study. Writ-
ten informed consent was waived by the Institutional Review Board. The participants’
information was anonymized. All analyses adhered to the guidelines and regulations of
the Ethics Committee of Hallym University.

2.2. Study Population and Participant Selection

We used the Korean National Health Insurance COVID-19 Database (NHID-COVID
DB) medical claim code data from 2015 to 2020. The NHID-COVID DB provided data
for individuals who underwent SARS-CoV-2 testing, using real-time reverse transcriptase
PCR assay of nasal or pharyngeal swabs, in accordance with the WHO guidelines. Control
participants from the Korean National Health Insurance Database were matched by age
and sex.

Confirmed COVID-19 patients were included from 1 January 2020 to 4 June 2020;
all of them finished treatment or died by 4 June 2020 (n = 8070). Fifteen times more
control participants matched by age and sex were extracted (n = 121,050). Among them,
we excluded participants with a lack of income records (n = 127 for COVID-19 patients,
n = 2136 for control participants). Consequently, 7943 COVID-19 participants and 118,914
control participants were selected. Then, COVID-19 patients were analyzed for mild
(n = 7385) and severe (n = 558) morbidity. They were also analyzed for death (n = 233) and
survival (n = 7710) (Figure 1).
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Figure 1. A schematic illustration of the participant selection process that was used in the present study. Of a total of
129,120 participants, 7943 COVID-19 patients and 118,914 control participants were selected.

2.3. Exposure (Income Level)

Income level was divided into 20th percentiles based on 2019 Korea National Health
Insurance premiums, ranging from 1 (the lowest 5%) to 20 (the highest 5%), for the entire
Korean population with health insurance (Supplementary Table S1) [11]. In addition,
medical-aid beneficiaries were added to the lowest income level, which was estimated to
be approximately 3.0% of the total Korean population (class 0) [11,12]. We categorized
income level into 3 groups (low (income level 0 to 6), middle (income level 7 to 14), and
high (income level 15 to 20)).

2.4. Outcome (COVID-19 Infection)

Laboratory confirmation of SARS-CoV-2 infection, using a real-time reverse transcrip-
tase PCR assay, was defined as the primary outcome.

2.5. Secondary Outcome (Morbidity and Mortality)

The secondary outcomes were morbidity and mortality in COVID-19 patients. Mor-
bidity was defined as mild or severe. Severe morbidity was indicated by admission to
the intensive care unit (ICU), invasive ventilation, extracorporeal membrane oxygenation
(ECMO), or death.

2.6. Covariates

Age groups were divided into 10-year intervals: 0–9, 10–19, 20–29 and so on, with the
oldest group being 80+ years old (total of 9 age groups).
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The Charlson comorbidity index (CCI) has been widely used to measure disease
burden using 17 comorbidities: myocardial infarction, congestive heart failure, periph-
eral vascular disease, hemiplegia or paraplegia, dementia, chronic pulmonary disease,
rheumatologic disease, peptic ulcer disease, diabetes without chronic complications, dia-
betes with chronic complications, renal disease, any malignancy, including leukemia and
lymphoma, metastatic solid tumor, mild liver disease, moderate or severe liver disease,
and HIV/AIDS [13]. The presence of each comorbidity was counted with a weighted value
and summed as a CCI score. It is a continuous variable (0 (no comorbidities) through 29
(multiple comorbidities)) [13]. In addition, hypertension (ICD-10 codes: I10 and I15) was
assigned if participants were treated ≥2 times, as it was not included in the CCI.

2.7. Statistical Analyses

The general characteristics of all participants were compared among income groups
using the chi-squared test.

To estimate the susceptibility to COVID-19, of COVID-19 patients compared to control
participants, odds ratios (ORs) with 95% confidence intervals (CIs) of income were calcu-
lated using crude (simple model) and adjusted (for age, sex, CCI score, and hypertension)
logistic regression models. To estimate morbidity/mortality in COVID-19 patients by
income, logistic regression was used. For subgroup analyses, we divided participants by
age (<50 years old and ≥50 years old), sex, CCI score (0 score, 1 score, and ≥2 score), and
hypertension history.

For the statistical analyses, SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) was
used. We performed two-tailed analyses, and significance was defined as p values less
than 0.05.

3. Results

The prevalence of COVID-19 was different among income groups (p < 0.001, Table 1).
Totals of 7.4% (2836/38,571), 5.8% (2489/43,189), and 5.8% (2618/40,097) of the low-,
middle-, and high-income groups had histories of COVID-19. The morbidity of COVID-19
was 6.5% (185/2836), 6.5% (161/2489), and 8.1% (212/2618) for the low-, middle-, and high-
income groups, respectively (p = 0.03). The mortality of COVID-19 was 0.23% (86/2836),
0.14% (62/2489), and 0.19% (85/2618) for the low-, middle-, and high-income groups,
respectively (p = 0.03). The distributions of age, sex, CCI score, and history of hypertension
were different among income groups (all p < 0.001).

Income level was inversely related to susceptibility to COVID-19 (Table 2). Compared
to the low-income group, the middle- and high-income groups demonstrated lower odds
of COVID-19 infection (adjusted OR (aOR) = 0.78, 95% CI = 0.74–0.83, p < 0.001 for the
middle-income group and aOR = 0.79, 95% CI = 0.75–0.83, p < 0.001 for the high-income
group). According to the analysis of 20th percentile income levels, ranging from 1 (the
lowest 5%) to 20 (the highest 5%), a high income level was associated with 0.98 times lower
odds of COVID-19 infection (95% CI = 0.98–0.99, p < 0.001). Additional analyses according
to age, sex, CCI score, and history of hypertension showed a consistent association of
COVID-19 infection with lower income (Supplementary Table S2).

76



J. Clin. Med. 2021, 10, 4733

Table 1. General characteristics of the participants.

Characteristics Total Participants

Low-Income Group
(n, %)

Middle-Income
Group (n, %)

High-Income Group
(n, %)

p-Value

Total number 38,571 (100.0) 43,189 (100.0) 45,097 (100.0)
Age (years old) <0.001 *

0–9 238 (0.6) 471 (1.1) 533 (1.2)
10–19 996 (2.6) 1207 (2.8) 2107 (4.7)
20–29 10,810 (28.0) 11,946 (27.7) 9560 (21.2)
30–39 3431 (8.9) 5907 (13.7) 3580 (7.9)
40–49 4792 (12.4) 5338 (12.4) 6164 (13.7)
50–59 7958 (20.6) 8366 (19.4) 8476 (18.8)
60–69 5977 (15.5) 6167 (14.3) 6732 (14.9)
70–79 2469 (6.4) 2375 (5.5) 4865 (10.8)
80+ 1900 (4.9) 1412 (3.3) 3080 (6.8)
Sex <0.001 *

Male 13,716 (35.6) 17,847 (41.3) 19,216 (42.6)
Female 24,855 (64.4) 25,342 (58.7) 25,881 (57.4)

CCI score <0.001 *
0 34,603 (89.7) 39,946 (92.5) 40,654 (90.2)
1 2028 (5.3) 1743 (4.0) 2314 (5.1)
≥2 1940 (5.0) 1500 (3.5) 2129 (4.7)

Hypertension 7888 (20.5) 7552 (17.5) 10,257 (22.7) <0.001 *
COVID-19 2836 (7.4) 2489 (5.8) 2618 (5.8) <0.001 *

Prognosis of
COVID-19
Morbidity 185 (6.5) 161 (6.5) 212 (8.1) 0.032 *
Mortality 86 (0.23) 62 (0.14) 85 (0.19) 0.029 *

Abbreviations: CCI, Charlson comorbidity index; COVID-19, coronavirus disease 2019. * Chi-squared test. Significance at p < 0.05.

Table 2. Crude and adjusted odds ratios of the association of income with COVID-19 infection in the total participants.

Characteristics COVID-19 Control ORs (95% Confidence Interval) for COVID-19

(Exposure/Total, %) (Exposure/Total, %) Crude p-Value Adjusted † p-Value

Income group

Low 2836/7943 (35.7%)
35,735/118,914

(30.1%)
1 1

Middle 2489/7943 (31.3%)
40,700/118,914

(34.2%)
0.77

(0.73–0.82)
<0.001 *

0.78
(0.74–0.83)

<0.001 *

High 2618/7943 (33.0%)
42,479/118,914

(35.7%)
0.78

(0.74–0.82)
<0.001 *

0.79
(0.75–0.83)

<0.001 *

Income level
(mean, SD)

10.00 (6.76) 10.75 (6.39)
0.98

(0.98–0.99)
<0.001 *

0.98
(0.98–0.99)

<0.001 *

* Logistic regression model, significance at p < 0.05. † Adjusted model for age, sex, CCI score and hypertension.

The morbidity of COVID-19 was not associated with income level in the adjusted
models (Table 3). The high-income group showed 1.26 times higher odds of COVID-
19 morbidity in the crude model (95% CI = 1.03–1.55, p = 0.03); however, there was
no significant association of COVID-19 morbidity with income level when adjusted for
age, sex, CCI score, and hypertension. Among the age, sex, CCI score, and history of
hypertension subgroups, males with no past medical history (CCI score = 0), and an absence
of hypertension, had higher odds of COVID-19 morbidity in the higher income groups
(Supplement Table S3). The middle-income level demonstrated 1.49 times higher odds
of COVID-19 morbidity than the low-income level in the male group (95% CI = 1.06–2.07,
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p = 0.03). The group with no past medical history and the hypertension-free group showed
1.03 times (95% CI = 1.01–1.05, p = 0.004) and 1.02 times (95% CI = 1.00–1.04, p = 0.03) higher
odds of COVID-19 morbidity with higher income levels, respectively.

Table 3. Crude and adjusted odds ratios of the association of income with morbidity in COVID-19 participants.

Characteristics Severe Participants Mild Participants ORs (95% Confidence Interval) for Morbidity

(Exposure/Total, %) (Exposure/Total, %) Crude p-Value Adjusted † p-Value

Income group
Low 185/558 (33.2%) 2651/7385 (35.9%) 1 1

Middle 161/558 (28.9%) 2328/7385 (31.5%)
0.99

(0.80–1.23)
0.936

1.21
(0.96–1.53)

0.108

High 212/558 (38.0%) 2406/7385 (32.6%)
1.26

(1.03–1.55)
0.026 *

1.17
(0.94–1.46)

0.172

Income level
(mean, SD)

10.64 (7.21) 9.95 (6.73)
1.02

(1.00–1.03)
0.020 *

1.01
(1.00–1.03)

0.056

* Logistic regression model, significance at p < 0.05. † Adjusted model for age, sex, CCI score and hypertension.

COVID-19 mortality was not associated with income level (Table 4). Neither the
middle- nor high-income groups showed increased odds of mortality due to COVID-19
(aOR = 1.09, 95% CI = 0.75–1.58, p = 0.65 for the middle-income group and aOR = 0.76,
95% CI = 0.54–1.08, p = 0.19 for the high-income group). None of the 20th percentile
income levels were related to mortality due to COVID-19 (aOR = 0.99, 95% CI = 0.97–1.01,
p = 0.15). None of the age, sex, CCI score, or history of hypertension subgroups showed an
association between COVID-19 mortality and income level, except for the group with a
CCI score = 1 (Supplementary Table S4). In the CCI score = 1 group, the high-income group
had 0.43 times lower odds of mortality due to COVID-19 (95% CI = 0.22–0.83, p = 0.01).

Table 4. Crude and adjusted odds ratios of the association of income with mortality in COVID-19 participants.

Characteristics Dead Participants
Survived

Participants
ORs (95% Confidence Interval) for Mortality

(Exposure/Total, %) (Exposure/Total, %) Crude p-Value Adjusted † p-Value

Income group
Low 86/233 (36.9%) 2750/7710 (35.7%) 1 1

Middle 62/233 (26.6%) 2427/7710 (31.5%)
0.82

(0.59–1.14)
0.231

1.09
(0.75–1.58)

0.654

High 85/233 (36.5%) 2533/7710 (32.9%)
1.07

(0.79–1.46)
0.650

0.76
(0.54–1.08)

0.123

Income level
(mean, SD)

10.07 (7.57) 10.00 (6.74)
1.00

(0.98–1.02)
0.876

0.99
(0.97–1.01)

0.148

† Adjusted model for age, sex, CCI score and hypertension.

4. Discussion

4.1. Principal Results

A lower income level was associated with a higher susceptibility to COVID-19 infec-
tion; however, COVID-19 morbidity and mortality were not related to income level in the
overall population. The mortality of COVID-19 was lower in the high-income group in
the CCI score = 1 subgroup. However, the morbidity of COVID-19 was higher at high
income levels in the male sex, CCI score = 0, and hypertension-free subgroups. The present
results indicated an increased susceptibility to COVID-19 infection in lower-income-level
participants; therefore, a correlation mostly likely exists between economic inequality and
COVID-19 susceptibility. The present study improved upon previous studies by analyzing
susceptibility to COVID-19 and COVID-19 morbidity and mortality in the same national
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cohort. This study examined the impact of economic level on susceptibility to COVID-19
and COVID-19 morbidity and mortality in the absence of disparities in the availability of
medical resources.

4.2. Comparison with Prior Work

A number of previous studies suggested a higher susceptibility to COVID-19 infection
in lower economic groups [5–7,9,14]. A retrospective study in a European urban area
showed increased incidences of COVID-19 in low-income groups (risk ratio (RR) = 1.67, 95%
CI = 1.41–1.96 for men and RR = 1.71, 95% CI = 1.44–1.99 for women) [14]. A low income
level could influence susceptibility to COVID-19 via an elevated risk of viral exposure
and an immune system that is impaired during the neutralization of a viral infection.
An increased possibility of viral exposure could be linked to a higher risk of COVID-19
infection in the low-income population. Adverse living and working environments may
increase the risk of COVID-19 infection in low-income populations. Poverty and one’s
physical environment, such as a homeless status and/or exposure to smoking, are social
determinants of health and have an impact on COVID-19 outcomes [15]. Crowded living
conditions, poor hygiene, less access to healthcare, and quarantining can increase the
risk of viral infection in homeless populations [16]. The low-income group exhibited less
social distancing during the COVID-19 pandemic [17]. As much as approximately 36.0%
(147/408) of the homeless population in Boston tested positive for SARS-CoV-2, using PCR
testing [18]. The group with a low socioeconomic status demonstrated a strong association
of COVID-19 infection with current smoking (aOR = 3.53, 95% CI = 1.22–2.62) [19].

In the present study, the income level was classified based on the health insurance
premium, which reflected the income quintile. All Koreans must be registered with the
national health insurance system; therefore, the classified income levels were precise.
Korea was ranked as the country with the 12th highest gross domestic product (GDP)
worldwide in 2017 [20]. Compared to other countries with similar GDP levels, such as
Italy, Australia, and Spain, Korea showed a lower rate of contraction of SARS-CoV-2 and
a lower mortality rate for COVID-19. A number of features, including a strong central
autonomous agency that used research for agile and responsive policymaking, public
trust in government measures, strong public–private sector collaboration, and surveillance
and response built on integrated information management systems, could contribute to
the lower infection rate and mortality rate of COVID-19 in Korea [21]. In addition, the
Korean government covered all medical costs for COVID-19, enabling all participants
to be examined and treated without discrimination. Additional factors contributing to
socioeconomic deprivation could affect susceptibility to COVID-19, such as occupation,
educational level, housing status, and food security, which were not available in the present
cohort [22]. Another Korean epidemiological study suggested increased susceptibility to
COVID-19 in participants with less healthcare access, less education, more risky health
behaviors, crowding, specific comorbidities, difficulty social distancing, and population
mobility [23].

Decreased immune system ability to combat SARS-CoV-2 infection could increase
susceptibility to COVID-19 in low-income populations. Pre-existing health inequalities
could add to the risk of COVID-19 infection in low-income populations. Low socioeconomic
status was associated with a higher rate of chronic diseases, which made individuals with
that status more vulnerable to COVID-19 [24]. Comorbidities, including diabetes and
kidney diseases, have been associated with higher COVID-19 morbidity [25,26]. The
overall comorbidity burdens were estimated to be approximately 1.3 times higher for
hospitalization for COVID-19 in white patients (95% CI = 1.11–1.53, p = 0.001) [25]. In
addition, an increased stress level may diminish immune functioning in the low-income
group [5]. A weakened immune system could increase invasion by and replication of
SARS-CoV-2 in this population. Low socioeconomic status was associated with perceived
stress and health-risk behavior in a cross-sectional study (aOR = 2.90, 95% CI = 2.53–3.33
for perceived stress) [27], and the COVID-19 epidemic is likely to have a higher impact on
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the economic status of low-income groups because it may impose higher stress on these
groups. In fact, during the COVID-19 pandemic, the lower-income group developed severe
psychological distress more often than the higher-income group in a longitudinal study
(aOR = 3.00, 95% CI = 1.01–9.58) [28]. Acute stress and chronic stress tended to suppress
cellular and humoral immunity in a meta-analysis [29]. Thus, high stress in the low-income
group could increase susceptibility to COVID-19.

The morbidity and mortality of COVID-19 did not show an association with income
level in this study. In contrast, several retrospective studies reported a higher risk of
severe illness from COVID-19 in low-income populations [30,31]. In a U.S. study, the low-
income group had a higher risk of severe illness from COVID-19 than the higher-income
groups (prevalence ratios = 1.63, 95% CI = 1.59–1.67) [30]. Moreover, the initial severity
of COVID-19 was higher in patients residing in a poor district of Paris (aOR = 1.099, 95%
CI = 1.038–1.178) [31]. Full coverage of COVID-19 treatment costs may have minimized the
cases of undertreatment in our cohort. In Korea, the medical costs related to the diagnosis
and treatment of COVID-19 have been covered by the Korean government. The indemnity
of insurance coverage was suggested to improve the opportunity for regular healthcare
compared to the uninsured population [32]. In a propensity-score-matched case-control
study, uninsured adults showed higher mortality than insured adults (adjusted hazard
ratio = 1.43, 95% CI = 1.10–1.85, p = 0.01) [33]. Thus, patient income levels are unlikely
to affect the procedures involved in COVID-19 therapy. Moreover, the relatively small
number of COVID-19 cases with morbidity and mortality may attenuate the statistical
power to delineate the association of income level with morbidity and mortality.

4.3. Limitations

The present study used a nationwide, representative cohort. Our cohort comprised a
single ethnicity (Korean); therefore, the possible impacts of ethnic disparities on outcomes
were minimized [34]. In addition, the bias from undetected or undertreated COVID-19 cases
was likely minimized in our cohort because the Korean government diagnosed and treated
COVID-19 without any charge. Healthcare resources were never in short supply in Korea,
and the infection rate of SARS-CoV-2 was controlled at less than 2000 persons per day. Thus,
the diagnosis and treatment of COVID-19 were not influenced by individual economic
status in this study. However, a few limitations should be considered when applying
the present results. Although adjustments were made for age, sex, and comorbidities,
confounders for COVID-19 infection remained, such as occupation and region of residence.
Information on occupation and region of residence was not available in the NHID-COVID
DB to guarantee the participants’ anonymity. These remaining confounders could have
influenced the positive association of COVID-19 morbidity with high income levels in
some subgroups in this study. This study included patients with COVID-19 from 1 January
2020 to 4 June 2020. This period was in the early COVID-19 pandemic period; therefore,
the long-term effects of income level on COVID-19 infection need to be evaluated in
further studies.

5. Conclusions

COVID-19 infection was higher in participants with lower income levels in the Korean
population; however, the mortality of COVID-19 was not different according to income level
in Korea. Public and government management of COVID-19 may impact the association
of COVID-19 with income level. Health inequalities can be aggravated by a high rate
of COVID-19 infection in deprived populations; therefore, active and prompt measures
are essential.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/jcm10204733/s1, Supplementary Table S1: Distribution of national health insurance contri-
butions in South Korea by income quintile. Supplementary Table S2: Subgroup analyses of crude
and adjusted odds ratios of the association of income with COVID-19 infection in total participants
by covariates. Supplementary Table S3: Subgroup analyses of crude and adjusted odds ratios of
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the association of income with morbidity in COVID-19 participants by covariates. Supplementary
Table S4: Subgroup analyses of crude and adjusted odds ratios of the association of income with
mortality in COVID-19 participants by covariates.
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Abstract: We evaluated the impact of direct and indirect effects of SARS-CoV-2 infection in subjects
with familial hypercholesterolemia (FH). In this observational, retrospective study, 260 FH subjects
participated in a telephone survey concerning lipid profile values, lipidologist and cardiologist
consultations and vascular imaging evaluation during the 12 months before and after the Italian
lockdown. The direct effect was defined as SARS-CoV-2 infection; the indirect effect was defined
as the difference in one of the parameters evaluated by the telephone survey before and after
lockdown. Among FH subjects, the percentage of the lipid profile evaluation was lower after
lockdown than before lockdown (56.5% vs. 100.0%, p < 0.01), HDL-C was significantly reduced
(47.78 ± 10.12 vs. 53.2 ± 10.38 mg/dL, p < 0.05) and a significant increase in non-HDL-C was
found (117.24 ± 18.83 vs. 133.09 ± 19.01 mg/dL, p < 0.05). The proportions of lipidologist and/or
cardiologist consultations and/or vascular imaging were lower after lockdown than before lockdown
(for lipidologist consultation 33.5% vs. 100.0%, p < 0.001; for cardiologist consultation 22.3% vs. 60.8%,
p < 0.01; for vascular imaging 19.6% vs. 100.0%, p < 0.001); the main cause of missed lipid profile
analysis and/or healthcare consultation was the fear of SARS-CoV-2 contagion. The percentage of
FH subjects affected by SARS-CoV-2 was 7.3%. In conclusion, a lower percentage of FH subjects
underwent a lipid profile analysis, lipidologist and cardiologist consultations and vascular imaging
evaluation after SARS-CoV-2 Italian lockdown.

Keywords: SARS-CoV-2 pandemic; familial hypercholesterolemia; lipid-lowering therapy; healthcare
system; cardiovascular risk

1. Introduction

Since December 2019, the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) pandemic has affected more than 190,000,000 subjects and caused more than
4,000,000 deaths worldwide [1]. The clinical manifestations of SARS-CoV-2 infection
broadly differ among the affected subjects; about half of the infected subjects remain
asymptomatic, the majority of the symptomatic subjects experience influenza-like symp-
toms and 10–15% of these develop a severe disease (COVID-19) characterized by a wide
clinical scenario from pneumonia to acute respiratory distress syndrome (ARDS) and
disseminated intravascular coagulation [2].

Other than the respiratory tract, COVID-19 can also affect the cardiovascular system.
In fact, several mechanisms of SARS-CoV-2 heart injury have been hypothesized: direct my-
ocardial damage by binding the SARS-CoV-2 spike glycoprotein to angiotensin-converting
enzyme 2, cardiac inflammation in the context of cytokine release syndrome (cytokine

83



J. Clin. Med. 2021, 10, 4363

storm) caused by progression of COVID-19, increased myocardial distress in the context of
ARDS and coronary plaque rupture due to increased endothelial shear stress [3].

Beyond the reported direct damage of SARS-CoV-2 infection, increasing attention has
been focused on the indirect effects of the SARS-CoV-2 pandemic because of the healthcare
public system restructuring; in particular, a substantial reduction in hospital admissions for
acute coronary syndromes (ACS) during the SARS-CoV-2 pandemic was shown related to
the national lockdown in Italy, and this could be explained by increasing fear of in-hospital
contagion, an emergency department overload and the healthcare structure remodeling [4].
In this context, the reduced cardiovascular screening may be deleterious in subjects at
high cardiovascular risk such as those with familial hypercholesterolemia (FH), which
is the most frequent monogenic disorder characterized by a lifelong elevation of low-
density lipoprotein cholesterol (LDL-C) and early atherosclerotic cardiovascular disease
(ASCVD) [5]. Thus, the delay of clinical and/or genetic diagnosis and the deferred lipid-
lowering therapy optimization could promote an increase in LDL-C burden strongly
associated with atherosclerotic injury progression [6–8].

In this study, we evaluated the direct and indirect effects of the SARS-CoV-2 pandemic
in a cohort of FH subjects.

2. Methods

2.1. Study Design and Population

This was a retrospective, observational study involving patients aged over 18 years
with a genetically confirmed FH diagnosis [9] and enrolled from the Lipid Centre of the
University Hospital of Catania, Italy, from 4 June 2021 to 9 August 2021. All participants
had a telephone survey concerning their lipid profile values (total cholesterol, high-density
lipoprotein cholesterol (HDL-C), triglycerides (TG), LDL-C), lipidologist and cardiologist
consultations, vascular imaging evaluation and lipid-lowering therapy adherence in the
12 months before and after the Italian lockdown (9 March–3 June 2020); moreover, all
participants confirmed or not the SARS-CoV-2 infection from 9 March 2020 to 12 months
after the end of the Italian lockdown (3 June 2020). Vascular imaging was defined by carotid
and/or femoral ultrasound evaluation. Statin therapy was divided into three categories
according to the efficacy of LDL-C reduction: high intensity (≥50% LDL-C reduction,
rosuvastatin 20–40 mg/day or atorvastatin 40–80 mg/day), moderate intensity (30–50%
LDL-C reduction, rosuvastatin 5–10 mg/day, atorvastatin 10–20 mg/day, simvastatin
20–40-80 mg/day, pravastatin 40 mg/day, fluvastatin 80 mg/day, lovastatin 40 mg/day)
or low intensity (<30% LDL-C reduction, simvastatin 10 mg, pravastatin 20 mg/day,
fluvastatin 40 mg/day, lovastatin 20 mg/day). Type 2 diabetes and arterial hypertension
were defined as the daily intake of glucose-lowering medication and antihypertensive
drugs, respectively. ASCVD and LDL-C targets were defined as previously described [10].
Long-wait consultation was defined as >3 months. Hospitalizations for COVID or other
comorbidities were also reported. The SARS-CoV-2 pandemic direct effect was defined
as the virus-related infection from 9 March 2020 to 12 months after the end of the Italian
lockdown. The SARS-CoV-2 pandemic indirect effect was defined as the difference in
one of the following evaluated parameters in the 12 months before and after the Italian
lockdown: lipid profile analysis, lipidologist and cardiologist consultations and vascular
imaging evaluation.

2.2. Statistical Analysis

The distributional characteristics of each variable, including normality, were assessed
by the Kolmogorov–Smirnov test. Data are reported as mean ± standard deviation (SD)
for continuous parametric parameters, median (interquartile range (IQR)) for continuous
nonparametric variables and frequency (percentage) for categorical variables. When nec-
essary, the continuous nonparametric variable “TG” was logarithmically transformed to
reduce skewness. To test differences in clinical and biochemical characteristics of the study
population before and after Italian lockdown, we used Student’s t-test. The χ

2 test was
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used for categorical variables. All statistical analyses were performed using IBM SPSS
Statistics for Windows version 23. For all tests, p < 0.05 was considered significant.

The study was approved by the local ethics committee (prot. number 46/19) in
accordance with the ethical standards of the institutional and national research commit-
tees and with the 1964 Declaration of Helsinki and its later amendments or comparable
ethical standards.

Informed consent was obtained from each subject enrolled in the study.

3. Results

In total, 292 genetically confirmed FH subjects were evaluated; of these, 30 subjects
did not satisfy the inclusion criteria and 2 subjects declined. Finally, 260 FH subjects
participated in the study (Figure 1).

Figure 1. Enrollment flowchart of the study population. FH = familial hypercholesterolemia.

Table 1 shows the baseline characteristics of the study population; 49.6% of FH subjects
were males, and the percentage of subjects with a history of ASCVD was 30.8%. The
majority of FH subjects exhibited a pathogenic variant in the LDL receptor (LDLR), and
97.7% of subjects were heterozygotes; three subjects were double heterozygotes, two
subjects were compound heterozygotes and one subject was homozygote. Concerning the
presence of cardiovascular risk factors, the percentage of diabetic FH subjects was 2.3%,
27.7% of subjects were hypertensive and 22.7% of subjects were smokers; the proportion
of FH subjects with at least two of the mentioned risk factors was 13.1%. Concerning
lipid-lowering treatments, the majority of FH subjects were on statins; in particular, 73.3%
of subjects took high-intensity statins, 24.6% of subjects were on moderate-intensity statins
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and only 1.9% of subjects were statin-intolerant. Furthermore, the percentage of FH
subjects on ezetimibe was 86.5%, and 23.8% of subjects were on PCSK9-i therapy; finally,
the proportion of subjects on statin and ezetimibe and PCSK9-i was 21.9%.

Table 1. Baseline characteristics of the study population.

FH (n = 260)

Demographic Characteristics Age, years 49.4 ± 6.22
Men, n (%) 129 (49.6)

ASCVD, n (%) 80 (30.8)
Body mass index, kg/m2 25.3 ± 2.24

FH Genotype
Pathogenic variants, n (%) 267 (100.0)

LDLR, n (%) 261 (97.7)
ApoB, n (%) 4 (1.5)

PCSK9, n (%) 1 (0.4)
ApoE, n (%) 1 (0.4)

FH Phenotype
Heterozygous, n (%) 254 (97.7)

Double heterozygous, n (%) 3 (1.1)
Compound heterozygous, n (%) 2 (0.8)

Homozygous, n (%) 1 (0.4)
Pretreated Lipid Profile TC, mg/dL 362.38 ± 19.48

HDL-C, mg/dL 51.38 ± 10.5
TG, mg/dL 96.5 (71.5–115.5)

LDL-C, mg/dL 257.53 ± 18.15
Non-HDL-C, mg/dL 301.51 ± 19.12

Risk Factors Type 2 diabetes, n (%) 6 (2.3)
Hypertension, n (%) 72 (27.7)

Smokers, n (%) 59 (22.7)
≥2 risk factors, n (%) 34 (13.1)

Treatments
High-intensity statin, n (%) 191 (73.5)

Moderate-intensity statin, n (%) 64 (24.6)
Low-intensity statin, n (%) -

Statin intolerant, n (%) 5 (1.9)
Ezetimibe, n (%) 225 (86.5)

PCSK9 inhibitor, n (%) 62 (23.8)
Statin plus ezetimibe, n (%) 195 (75.0)

Statin plus ezetimibe plus PCSK9 inhibitor, n (%) 57 (21.9)
Antiplatelet therapy, n (%) 80 (30.8)

Data are presented as mean ± standard deviation, percentages or median (interquartile range). FH = familial
hypercholesterolemia, ASCVD = atherosclerotic cardiovascular disease, LDLR = low-density lipoprotein receptor,
ApoB = apolipoprotein B, PCSK9 = proprotein convertase subtilisin-kexin type 9, ApoE = apolipoprotein E,
TC = total cholesterol, HDL-C = high-density lipoprotein cholesterol, TG = triglycerides, LDL-C = low-density
lipoprotein cholesterol.

The direct and indirect effects of SARS-CoV-2 are reported in Table 2. Among FH
subjects, the percentage of the lipid profile evaluation was lower after lockdown than
before lockdown (56.5% vs. 100.0%, p < 0.01); moreover, HDL-C was significantly reduced
after lockdown compared to before lockdown (47.78 ± 10.12 vs. 53.2 ± 10.38 mg/dL,
p < 0.05), and a significant increase in non-HDL-C was found after lockdown compared to
before lockdown (117.24 ± 18.83 vs. 133.09 ± 19.01 mg/dL, p < 0.05).
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Table 2. Direct and indirect effects of SARS-CoV-2 pandemic in the study population.

FH (n = 260) before
Lockdown

FH (n = 260) after Lockdown p Value

Indirect Effect
Lipid Profile, n (%) 260 (100.0) 147 (56.5) <0.01

TC, mg/dL * 169.61 ± 18.75 177.83 ± 18.91 0.43
HDL-C, mg/dL * 53.2 ± 10.38 47.78 ± 10.12 <0.05

TG, mg/dL * 90.5 (68.25–114.5) 97.5 (70.5–121.25) 0.11
LDL-C, mg/dL * 103.13 ± 18.02 111.32 ± 18.14 0.25

Non-HDL-C, mg/dL * 117.24 ± 18.83 133.09 ± 19.01 <0.05
LDL-C target, n (%) * 105 (40.4) 81 (31.2) 0.09

Lipidologist consultation, n (%) 260 (100.0) 87 (33.5) <0.001
Cardiologist consultation, n (%) 158 (60.8) 58 (22.3) <0.01

Vascular imaging, n (%) 260 (100.0) 51 (19.6) <0.001
Cause of Indirect Effect
Contagion fear, n (%) - 218 (83.8) -

Long-wait consultation, n (%) - 42 (16.2) -
Direct Effect

SARS-CoV-2 infection, n (%) - 19 (7.3) -
Hospitalization

COVID-19, n (%) - - -
Other causes, n (%) - - -

Data are presented as mean ± standard deviation, percentages, or median (interquartile range). FH = familial hypercholesterolemia, TC =
total cholesterol, HDL-C = high-density lipoprotein cholesterol, TG = triglycerides, LDL-C = low-density lipoprotein cholesterol, LLT =
lipid-lowering therapy, SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2, COVID = coronavirus disease. * Student’s t-test
was performed in subjects for whom the lipid profile was evaluated before and after lockdown.

The proportion of FH subjects who had lipidologist and/or cardiologist consultations
and/or vascular imaging was lower after lockdown than before lockdown (for lipidologist
consultation 33.5% vs. 100.0%, p < 0.001; for cardiologist consultation 22.3% vs. 60.8%,
p < 0.01; for vascular imaging 19.6% vs. 100.0%, p < 0.001) (Figure 2); the main cause of
missed lipid profile analysis and/or healthcare consultations was the fear of contagion.
Finally, the percentage of FH subjects affected by SARS-CoV-2 was 7.3%, and none of them
required hospitalization.

As concerns the FH subjects who reported having contracted SARS-CoV-2 infection
(Table 3), the mean age was 58.7 ± 5.18, 52.6% of subjects were males and the proportion
of subjects with a history of ASCVD was 78.9%. While the majority of SARS-CoV-2-
affected FH subjects were on intensive lipid-lowering therapies, only 42.1% of subjects
achieved the LDL-C target according to the European Society of Cardiology/European
Atherosclerosis Society Guidelines 2019 for the management of dyslipidemias. Concerning
the cardiovascular risk factors, 15.8% of FH subjects were diabetics, 84.2% of subjects were
hypertensive and 36.8% of subjects were smokers; the percentage of FH subjects with at
least two of the mentioned risk factors was 52.6%. Finally, the majority of FH subjects
were on high-intensity statins, all subjects took ezetimibe and the proportion of subjects on
statins plus ezetimibe plus PCSK9-i was 63.2%.
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Figure 2. Percentages of lipid profile analysis, lipidologist and cardiologist consultations and vascular
imaging evaluation in the study population. * p value < 0.01 vs. before lockdown, # p value < 0.001
vs. before lockdown.

Table 3. Characteristics of FH subjects affected by SARS-CoV-2.

SARS-CoV-2 FH (n = 19)

Demographic Characteristics
Age, years 58.7 ± 5.18
Male, n (%) 10 (52.6)

Body mass index, kg/m2 26.1 ± 1.52
ASCVD, n (%) 15 (78.9)
FH Phenotype

Heterozygote, n (%) 15 (78.8)
Double heterozygote, n (%) 1 (5.3)

Compound heterozygote, n (%) 2 (10.6)
Homozygote, n (%) 1 (5.3)

Lipid Profile Before Lockdown
TC, mg/dL 162.45 ± 10.24

HDL-C, mg/dL 49.8 ± 10.13
TG, mg/dL 97.25 (66.0–113.5)

LDL-C, mg/dL 93.34 ± 10.11
Non-HDL-C, mg/dL 113.36 ± 10.43
LDL-C target, n (%) 8 (42.1)

Risk Factors
Type 2 diabetes, n (%) 3 (15.8)
Hypertension, n (%) 16 (84.2)

Smokers, n (%) 7 (36.8)
≥2 risk factors, n (%) 10 (52.6)

Treatments
High-intensity statin, n (%) 17 (89.5)

Moderate-intensity statin, n (%) 2 (10.5)
Low-intensity statin, n (%) -

Statin intolerant, n (%) -
Ezetimibe, n (%) 19 (100)

PCSK9 inhibitor, n (%) 12 (63.2)
Statin + ezetimibe + PCSK9 inhibitor, n (%) 12 (63.2)

Antiplatelet therapy, n (%) 15 (78.9)
Data are presented as mean ± standard deviation, percentages or median (interquartile range). FH = familial
hypercholesterolemia, ASCVD = atherosclerotic cardiovascular disease, TC = total cholesterol, HDL-C = high-
density lipoprotein cholesterol, TG = triglycerides, LDL-C = low-density lipoprotein cholesterol, PCSK9 =
proprotein convertase subtilisin-kexin type 9.
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4. Discussion

Over the last year, increasing attention has been focused on the direct effects of the
SARS-CoV-2 pandemic such as the prevalence of infection, COVID-19, hospitalization and
death and its indirect effect related to the impact of SARS-CoV-2 pandemic on the healthcare
system. In this retrospective observational study, we evaluated the impact of direct and
indirect effects of SARS-CoV-2 pandemic in a cohort of subjects at high cardiovascular risk;
to the best of our knowledge, this is the first study focusing on SARS-CoV-2 pandemic
impact in this population. We found that a lower percentage of FH subjects underwent
lipid profile evaluation after the SARS-CoV-2 Italian lockdown; furthermore, a reduction in
HDL-C and an increase in non-HDL-C were observed in FH subjects after lockdown. In
this context, a hypothetical explanation of these findings could be a dysregulated lifestyle
including reduced physical activity and a high-fat diet during the SARS-CoV-2 pandemic;
in line with this hypothesis, previous findings showed that reduced physical activity and
an increase in BMI were two main effects of the SARS-CoV-2 lockdown [11,12].

In our study, we found that a lower proportion of FH subjects received lipidologist
and cardiologist consultations and vascular imaging evaluation after the SARS-CoV-2
lockdown; the main explanation of these findings obtained from FH subjects by telephone
survey was the fear of SARS-CoV-2 contagion. This finding was in line with two previous
findings that evaluated the impact of SARS-CoV-2 infection on the healthcare system. In
fact, Cori et al. showed in the EPICOVID19 web-based Italian survey that 65% of subjects
reported fear of SARS-CoV-2 contagion for themselves and family members [13]; moreover,
Amorim et al. reported that the admission of patients with ST-elevation myocardial
infarction was significantly reduced in the emergency department during SARS-CoV-2
lockdown [14]. Taking into these findings, our study highlighted that the indirect effects of
the SARS-CoV-2 pandemic could be deleterious in the cardiovascular risk management
of FH subjects; future prospective studies are needed to evaluate the prognostic role of
our findings.

In our study, the percentage of FH subjects with SARS-CoV-2 infection was 7.3%, in line
with Italian SARS-CoV-2 prevalence [15]; in this context, it could be hypothesized that the
risk of SARS-CoV-2 infection was similar between FH subjects and the general population.
Moreover, we found that SARS-CoV-2-affected FH subjects had a BMI and age over the
mean of the study population, and the majority of them had a prior ASCVD. Furthermore,
SARS-CoV-2-affected FH subjects had a before-lockdown HDL-C under the mean of the
study population; thus, it could be hypothesized that a low HDL-C level could increase
the risk of SARS-CoV-2 infection. In line with this hypothesis, Hilser et al. found that a
10 mg/dL increase in HDL-C or apolipoprotein AI was associated with a 10% reduction
in risk of SARS-CoV-2 infection [16]. Although the majority of SARS-CoV-2-affected FH
subjects were on intensive lipid-lowering therapy, only 40% of them achieved the LDL-C
target according to the European Society of Cardiology/European Atherosclerosis Society
Guidelines 2019 for the management of dyslipidemias; moreover, more than 50% of SARS-
CoV-2-affected FH subjects had two or more cardiovascular risk factors. Thus, it could
be hypothesized that an LDL-C beyond the recommended targets in concomitance with
other cardiovascular risk factors could increase the risk of SARS-CoV-2 infection in FH
subjects. In line with this hypothesis, Lusignan et al. showed in the Oxford Royal College
of General Practitioners (RCGP) Research and Surveillance Centre primary care network
that subjects with SARS-CoV-2 infection had several cardiovascular risk factors and the
presence of diabetes and/or smoking and/or arterial hypertension increased the risk of
SARS-CoV-2 infection [17]. Finally, in our study, none of the affected FH subjects required
hospitalization; future studies in larger cohorts of FH subjects are needed to confirm and
explain this preliminary finding. However, previous findings showed that among subjects
with SARS-CoV-2 infection requiring hospitalization, statin users were associated with
lower mortality than non-statin users [18–20]. Taking these findings into consideration, a
possible hypothesis could be that subjects with a long duration of statin therapy, such as
FH subjects, could be characterized by a reduced need for hospitalization [21].
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There are several limitations to our study. First, this was a retrospective, observational
study, and lifestyle evaluation and lipid-lowering therapy adherence were not reported;
future prospective studies are needed to correctly evaluate these parameters. Moreover, the
study population size was relatively small; for this reason, our preliminary findings should
be confirmed in a larger cohort of FH subjects. Finally, a possible pathophysiological link of
the atherosclerotic injury in SARS-CoV-2 subjects and FH subjects has not been evaluated;
future prospective studies are needed to evaluate this feature.

In conclusion, a lower percentage of FH subjects underwent a lipid profile analysis,
lipidologist and cardiologist consultations and vascular imaging evaluation after SARS-
CoV-2 lockdown; moreover, reduced HDL-C and increased non-HDL-C were observed in
FH subjects after SARS-CoV-2 lockdown, Finally, SARS-CoV-2-affected FH subjects exhib-
ited an LDL-C beyond the recommended targets in concomitance with other cardiovascular
risk factors; future prospective studies in a larger cohort of FH subjects are needed to
confirm these preliminary findings.
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Abstract: Over the years, sexual behaviour has changed due to the growing interest in everything
related to the sexual sphere. The purpose of the study was to collect information on the sexual habits
and behaviours of Italian people of all ages, sexes and sexual orientations and to describe the patterns
of sexual behaviour, with the aim of gaining a representative picture of sexuality in Italy, before the
COVID-19 pandemic. Participants completed a survey with 99 questions about their sexual habits.
In our group first sexual experiences occurred on average around the age of 15, whilst the median
age of the first sexual intercourse was 17. The fantasies that most stimulated and excited our group
(Likert scale ≥ 3) was having sex in public (63.9%), having sex with more than one person at the same
time (59.4%), blindfolded sex (64.9%), being tied up (56.3%) and observing a naked person (48.6%).
As for pornography, we have shown that 80% of our group watched porn at home, alone or from
their smartphones. Our results have several practical implications for the areas of sex education and
sexual health. It is necessary to safeguard the health of young people and support them increasing
their sexual well-being.

Keywords: sex aid; sexual behavior; pornography; alcohol; erectile dysfunction

1. Introduction

Sexual behavior has consistently changed over the years. In fact, there is a growing
interest in specific topics that have been considered a stimga in the past, and also physicians
should constantly pay attention to patients’ preferences [1,2].

Scientific evidences have underlined that the majority of information on sexuality
collected through the internet by young people regard explicit messages including and
facilitating sexual practices like autoerotism and masturbation [3].

Exploring patterns of current sexual behaviours is important for several reasons, but
mainly because the description of behavioural trends can provide an important empirical
context for examining the associations between patterns of emerging sexual behaviour
and aspects of sexual health and well-being among young people [4]. A recent survey
by Herbenick et al. (2020) observed that more frequent past-year pornography use and a
greater lifetime range of pornography accesses were significantly associated with engaging
in both dominant and target sexual behaviors among all participants [5]. Furthermore, sex
aids are also considered tools to help individuals achieving sexual pleasure and can also
be particularly helpful for sexual dysfunction [6]. Indeed, sexual fantasies play a major
role in influencing later sexual behavior, in reflecting past experiences and these are a core
variable in the systematic study of sexual identity and sexuality [7].
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Italian society has generally less favourable attitudes towards unions that differ from
the traditional wedding [8]. This could be due to the presence of the Catholic Church [9].

Furthermore, although teenagers have the tendency to have their first sexual relation-
ship earlier than had been reported in the past, in Italy it has been observed a decrease of
marriage and birthrate [10].

All these considerations may arise some questions about the social background of
Italy and the influence on many aspects of sexuality, including internet pornography, sex
toys and sexual orientation.

Interestingly, Ross et al. [11] showed that between participants who reported using
the internet to retrieve information on sexuality, younger participants displayed higher
use of the medium compared to older participants, as well as bisexual men compared to
heterosexual men, and males compared to females, respectively, suggesting as internet
may facilitate sexual fantasies. Moreover, Daneback and Löfberg [12] suggested that
using internet facilitates the expression as well as the engagement of individuals in new
experiences, to a degree that would normally be not tolerated.

Finally, The COVID-19-related lockdown has profoundly changed human behaviors
and habits, impairing general and psychological well-being with psychosocial conse-
quences on sexual behavior. Jannini et al. demonstrated that anxiety and depression scores
were significantly lower in subjects sexually active during lockdown [13]. In particular, sex-
ual activity, and living without partner during lockdown as significantly affecting anxiety
and depression scores [13].

Based on all these premises, the scope of web survey was to collect information about
sexual habits and behaviours of Italian people of all ages, genders and sexual orientations
and to describe patterns of sexual behaviour.

2. Materials and Methods

A quantitative correlational research design was implemented for this study to evalu-
ate the sexual habits in Italian participants in all gender and sexual interest. The study was
conducted from 1 June 2019 to 31 December 2019.

Participants were selected through posts on social networks (Instagram and Facebook)
and the survey was developed and administered online through Google Forms. Each
participant gave the consent to complete the study.

Basic demographic information was collected: gender, age, height, weight, smoking
habit, place of residence, sexual orientation, education level, religion and relationship
status and duration.

After that, participants completed a survey with questions about their sexual habits.
The questions evaluated a variety of aspects: frequency and pleasantness experienced when
being involved in various sexual activities (self-stimulation, being masturbated by the
partner, masturbate the partner, receiving and giving oral sex, vaginal penetration, receiving
and giving anal penetration), sexual satisfaction, frequency of orgasm, stimuli used to get
aroused during auto-eroticism, the use of sex toys, pleasantness of various sexual fantasies,
pornography use, betrayal, traumatic sexual experiences, stress, contraception, protection
against sexually transmitted infections, use of medications or drugs, use of dating apps or
sites and sexting.

The survey was conducted in Italian according to the Checklist for Reporting Results
of Internet E-Surveys [14].

All the study procedures were carried out in accordance with the Declaration of
Helsinki (2013) of the World Medical Association. The survey was anonymous and partici-
pants provided their consent to participate.

Statistical Analysis

The qualitative data was tested using the chi-square test or Fisher’s exact test, where
appropriate, while the continuous variables, presented as median (interquartile range
[IQR]), were tested using Mann-Whitney U-Test or Student t test according to their dis-
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tribution (according to the Kolmogorov-Smirnov test). For all statistical comparisons,
significance was considered as p < 0.05.

3. Results

3.1. Characteristics of Participants

The median (IQR) age was 20 (18–23) years. Most of the participants enrolled were
females, with 7719 (61.3%) individuals, men were 4805 (38.2%), whereas Trans were 20
(0.2%). Participants were stratified by Area of Origin, with 6036 (47.9%) coming from
Northern Italy, 2646 (21.0%) from the Center and 3908 (31.0%) from the South and Islands
of Italy. The education level was Higher in 7481 (59.4%) of people, with university degrees
in 4211 (33.4%). Heterosexual were the most represented participants, with 10,153 (80.6%)
people, Homosexual were 234 (1.9%), Bisexual 2087 (16.6%) and Pansexual 83 (0.7%). 2512
(20.0%) participants reported not having a partner, 1325 (10.5%) having occasional partners,
8598 (68.3%) having a stable relationship, 155 (1.2%) having Polyamorous relationships.
The median (IQR) duration of relationships was 15 (6–36) months. 12,152 (96.5%) of our
participants has no children. The median (IQR) age of the first sexual experiences was 15
(14–17) years whilst the age of the first sexual intercourse was 17 (15–18). Table 1 lists the
baseline characteristics of the patients.

Table 1. Basic characteristics of the participants of our study.

Participants, n = 12,590

Age, years median (IQR) 20 (18–23)

Height, cm median (IQR) 170 (163–177)

Weight, kg median (IQR) 64 (55–74)

BMI, kg/m2 median (IQR) 22.1 (20.2–24.7)

Gender, n (%)

Male 4805 (38.2)

Female 7719 (61.3)

Trans 20 (0.2)

Other 42 (0.3)

Area of Origin, n (%)

Northern 6036 (47.9)

Center 2646 (21.0)

South and Islands 3908 (31.0)

Education level, n (%)

Primary education 4 (0.1)

Secondary education 894 (7.1)

Higher education 7481 (59.4)

Universities 4211 (33.4)

Religion, n (%)

Atheist 4908 (40.9)

Agnostic 1142 (9.5)

Believer 5931 (49.5)

Smoking, n (%)

Yes 4553 (36.2)

No 8037 (63.8)
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Table 1. Cont.

Sexual Orientation, n (%)

Heterosexual 10,153 (80.6)

Homosexual 234 (1.9)

Bisexual 2087 (16.6)

Demi 25 (0.2)

Queer 7 (0.1)

Pansexual 83 (0.7)

Type of relationship, n (%)

No partner 2512 (20.0)

Occasional partners 1325 (10.5)

Stable relationship 8598 (68.3)

Polyamorous relationship 155 (1.2)

Time of the relationship, months median (IQR) 15 (6–36)

Children, n (%)

Yes 438 (3.5)

No 12,152 (96.5)

First sexual experiences, age median (IQR) 15 (14–17)

First sexual intercourse, age median (IQR) 17 (15–18)

3.2. Sexual Experience

We questioned responders about their sexual behaviors and we investigated the
frequency of each experience by dividing them into “Never”, “Few times a year”, “About
once a month”, “About once a week”, “Several times a month “,” Several times a week “,”
Several times a day “and” Every day “. These results are shown in Table 2.

Table 2. Sexual experience patterns in the total cohort.

Participants, n = 12,590

Partner Masturbates You

Responders, n (%)

Never 774 (6.1)

Few times a year 571 (4.5)

About once a month 704 (5.6)

About once a week 2701 (21.5)

Several times a month 1745 (13.9)

Several times a week 5258 (41.8)

Several times a day 285 (2.3)

Every day 552 (4.4)
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Table 2. Cont.

You masturbate your partner

Responders, n (%)

Never 613 (4.9)

Few times a year 429 (3.4)

About once a month 589 (4.7)

About once a week 2641 (21.0)

Several times a month 1749 (13.9)

Several times a week 5638 (44.8)

Several times a day 336 (2.7)

Every day 595 (4.7)

Partner practices oral sex on you

Responders, n (%)

Never 1298 (10.3)

Few times a year 918 (7.3)

About once a month 1056 (8.4)

About once a week 2550 (20.3)

Several times a month 2053 (16.3)

Several times a week 4182 (33.2)

Several times a day 190 (1.5)

Every day 343 (2.7)

You practice oral sex on the partner

Responders, n (%)

Never 967 (7.7)

Few times a year 640 (5.1)

About once a month 874 (6.9)

About once a week 2526 (20.1)

Several times a month 2158 (17.1)

Several times a week 4752 (37.7)

Several times a day 235 (1.9)

Every day 438 (3.5)

Vaginal penetrative intercourse

Responders, n (%)

Never 1117 (8.9)

Few times a year 446 (3.5)

About once a month 656 (5.2)

About once a week 2450 (19.5)

Several times a month 1620 (12.9)

Several times a week 5366 (42.6)

Several times a day 401 (3.2)

Every day 534 (4.2)
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Table 2. Cont.

Anal penetrative intercourse (inseritive)

Responders, n (%)

Never 10,310 (81.9)

Few times a year 1009 (8.0)

About once a month 377 (3.0)

About once a week 230 (1.8)

Several times a month 375 (3.0)

Several times a week 243 (1.9)

Several times a day 22 (0.2)

Every day 24 (0.2)

Anal penetrative intercourse (receptive)

Responders, n (%)

Never 9896 (78.6)

Few times a year 1356 (10.8)

About once a month 471 (3.7)

About once a week 213 (1.7)

Several times a month 423 (3.4)

Several times a week 193 (1.5)

Several times a day 23 (0.2)

Every day 15 (0.1)

Autoeroticism

Responders, n (%)

Never 1344 (10.7)

Few times a year 834 (6.6)

About once a month 799 (6.3)

About once a week 1340 (10.6)

Several times a month 1361 (10.8)

Several times a week 4272 (33.9)

Several times a day 789 (6.3)

Every day 1851 (14.7)

3.3. Sex Toys, Sexual Pleasure and Pornography

We asked which sex toys were used during autoeroticism. We investigated what
brought pleasure and arousal. The answers were expressed according to the Likert scale,
where 1 indicates “not pleasure”, 2 indicates “a little pleasure”, 3 indicates “enough
pleasure”, 4 indicates “very pleased” and 5 indicates “maximum pleasure”. These results
are shown in Supplementary Table S1. Table 3 shows results of sex toys usage, types and
use frequency.
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Table 3. Sex toys use in the total cohort.

Participants, n = 12,590

What do you use to get excited during autoeroticism

Responders, n (%)

Videos 2802 (22.2)

Sextoys 17 (0.1)

Erotic fantasies 5820 (46.2)

Erotic narrative 980 (7.8)

Erotic images 1573 (12.5)

Nothing 69 (0.5)

I don’t practice it 1277 (10.1)

How often do you use sex objects/toys during sexual intercourse

Responders, n (%)

I don’t have sex 683 (5.4)

Ever 8511 (67.6)

Few times 2502(19.9)

About half the time 462 (3.7)

Many times 352 (2.8)

Always 80 (0.6)

How often do you use sex objects/Toys during masturbation?

Responders, n (%)

I don’t have sex 372 (3.0)

Ever 9266 (73.6)

Few times 1731 (13.7)

About half the time 379 (3.0)

Many times 441 (3.5)

Always 401(3.2)

What kind of sex toys do you use most frequently?

Responders, n (%)

Vibrating rings 8 (0.1)

Fruit/vegetables 1048 (8.3)

Cock-rings 114 (0.9)

Sexy underwear 853 (6.8)

Disguise 1013 (8.0)

Fetish objects 1613 (12.8)

Lubricant 95 (0.8)

Dildos 113 (0.9)

Butt plung/anal dilators 7648 (60.8)

Objects for daily use 21 (0.2)

Strap-ons 11 (0.1)

Vibrator 10 (0.1)

Balls 1 (0.0)

Fleshlight (artificial vaginas) 15 (0.1)

I don’t use it 26 (0.1)

With our survey, we investigated the use of pornography, by asking in which context,
how often and which type of pornographic material they prefer to use (Table 4).
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Table 4. Pornography Patterns.

Participants, n = 12,590

In general, in which context do you see pornography most frequently?

Responders, n (%)

In pairs 503 (4.0)

Alone 10,128 (80.5)

In a group 11 (0.1)

Never 1942 (15.4)

How often do you view online pornography?

Responders, n (%)

Never 1816 (14.4)

Few times a year 1512 (12.0)

About once a month 1015 (8.1)

About once a week 1468 (11.7)

Several times a month 1457 (11.6)

Several times a week 3501 (27.8)

Many times a day 527 (4.2)

Everyday 1294 (10.3)

What is the most frequent topic of the pornographic material you use?

Amateur 342 (5.5)

Anal 242 (3.9)

Asian 22 (0.4)

Masturbation 143 (2.3)

Bbw 14 (0.2)

Bdsm 215 (3.5)

Big Ass 26 (0.4)

Big Boobs 85 (1.4)

Big Cock 5 (0.1)

Blonde 19 (0.3)

Bisexual 15 (0.2)

Black 18 (0.3)

Oral Sex 167 (2.7)

Bondage 111 (1.8)

Brazzers 9 (0.1)

Casting 28 (0.5)

Lesbian 734 (11.9)

Classic 106 (1.7)

Compilation 17 (0.3)

Cunnilingus 39 (0.6)

Couple 67 (1.1)

Cowgirl 7 (0.1)

Creampie 65 (1.0)

Cuckold 16 (0.3)

100



J. Clin. Med. 2021, 10, 4327
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Cumshot 25 (0.4)

Curvy 6 (0.1)

Deepthroat 20 (0.3)

18 years old/Teenagers/Young 572 (9.2)

It Depends 58 (0.9)

Domination 13 (0.2)

Style Stays 12 (0.2)

Double Penetration 45 (0.7)

Doctor 6 (0.1)

Threesome 423 (6.8)

Ebony 12 (0.2)

Erotic 27 (0.4)

Straight 328 (5.3)

Facesitting 14 (0.2)

Fak Taxi Familia/Incesti/Daddy/Stepsister 16 (0.3)

Fantasy 250 (4.0)

Fendom 8 (0.1)

Fetishism 8 (0.1)

Fingering 34 (0.5)

Footjob 13 (0.2)

Gang Bang 34 (0.5)

Fisting 103 (1.7)

Cartons 12 (0.2)

Gay 13 (0.2)

Role Play Games 184 (3.0)

Hardcore 6 (0.1)

Hentai 165 (2.7)

Handjob 95 (1.5)

Several Racies 5 (0.1)

Italian 19 (0.3)

Massage 21 (0.3)

Mature/Milf 66 (1.1)

None In Particular 440 (7.1)

Orgasm 102 (1.6)

Squirting 55 (0.9)

Group Sex 62 (1.0)

Passionate/Romantic 135 (2.2)

Betrayal 14 (0.2)

Transsexual 9 (0.1)

Spanking 17 (0.3)

Public Sex 50 (0.8)

Red Head 16 (0.3)
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Pissing 10 (0.2)

Pov 47 (0.8)

Other 110 (1.8)

Where do you view online pornography?

Responders, n (%)

I don’t watch porn 1845 (14.7)

At home 10,721 (85.2)

At work 17 (0.1)

In public 7 (0.1)

Which device do you most frequently view pornography with?

Responders, n (%)

I don’t watch porn 1851 (14.7)

Computers 1031 (8.2)

Video game consoles 18 (0.1)

Smartphones 9294 (73.8)

Tablets 396 (3.1)

At the chi-square test we demonstrated that heterosexuals, homosexuals and bisexuals
and were more likely to watch porn more than several times a week (40.9%, 56.4% and
47.4%) respect to Demi (24%), Queer (40.9%) or Pansexual (39.7%) (p < 0.01).

The rate of watching lesbian among male, female and other were 22.5%, 77.1% and
0.4% respectively, while for 18 years old/Teenagers/Young category they were 80.9%,
18.9% and 0.2% respectively.

3.4. Contraception and Frequency of Sexual Intercourse

We also investigated the use of contraception, the frequency of sexual intercourse and
masturbation and the frequency of reaching orgasm (Supplementary Tables S2 and S3).

3.5. Use of Substances and Dating App

We investigated the possible use of exciting substances, drugs and substances that
increase sexual potency (Table 5).

Table 5. Use of Substances among the general cohort.

Participants, n = 12,590

How frequently do you use the following drugs in sexuality?

Viagra, Cialis, Levitra, Spedra

Responders, n (%)

Never 12,412 (98.8)

Hardly ever 94 (0.7)

Sometimes 32 (0.3)

Often 8 (0.1)

Always 11 (0.1)
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Table 5. Cont.

Paroxetine (Daparox/Eutimil), Priligy, Drops/Creams for
premature ejaculation

Responders, n (%)

Never 12,433 (99.0)

Hardly ever 78 (0.6)

Sometimes 25 (0.2)

Often 9 (0.1)

Always 16 (0.1)

Alcohol

Responders, n (%)

Never 6905 (54.9)

Hardly ever 3207 (25.5)

Sometimes 1851 (14.7)

Often 527 (4.2)

Always 86 (0.7)

Stimulants (Cocaine, Amphetamines etc.)

Responders, n (%)

Never 12,371 (98.4)

Hardly ever 131 (1.0)

Sometimes 42 (0.3)

Often 15 (0.1)

Always 10 (0.1)

Relaxing (Cannabis etc.)

Responders, n (%)

Never 9910 (78.8)

Hardly ever 1273 (10.1)

Sometimes 764 (6.1)

Often 431 (3.4)

Always 195 (1.6)

Hallucinogens

Responders, n (%)

Never 12,464 (99.2)

Hardly ever 68 (0.5)

Sometimes 19 (0.2)

Often 8 (0.1)

Always 9 (0.1)

What reasons push you to use these substances?

Responders, n (%)

Habitual Use 38 (0.3)

Funny 52 (0.4)

Occasional Use 201 (1.6)

It Like Me 81 (0.6)

Improves Performance 449 (3.6)
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Improves Sensations 1400 (11.2)

To Decrease Performance Anxiety 400 (3.2)

To Eliminate The Inhibitor Brakes 1067 (8.6)

For Transgression 537 (4.3)

Relaxation 49 (0.4)

Increase Excitement 16 (0.1)

I Don’t Use It 8098 (64.9)

Other Reasons 82 (0.7)

How do you rate sexuality using these substances?

Responders, n (%)

I Don’t Use Any Substance 7976 (63.8)

Not At All Satisfactory 127 (1.0)

Unsatisfactory 418 (3.3)

Quite Satisfactory 2420 (19.3)

Very Satisfying 1570 (12.5)

Male were more likely to use drugs always than other categories (90.9% vs. 1.1%;
p < 0.01) and similar heterosexuals (81.8% vs. 9.2%; p < 0.01).

Finally, we investigated the use of social networks or dating sites to find partners with
whom to have sex, and we asked what type of material was exchanged on these platforms.
The results are indicated in Supplementary Table S4.

4. Discussion

Our survey has investigated contemporary sexual behaviour in Italy before COVID-19
pandemic in most of its forms, taking into consideration any gender and sexual orientations.
When it comes to sex, there is always plenty of curiosity, but, at the same time, often
reticence and embarrassment.

Very often, the interest in the sexual habits of the healthy general population is
not properly studied. Most of the studies in the literature, in fact, focus on various
pathologies of interest and on specific clinical outcomes. However, it is also important
to have information on the sexual habits of the healthy general population in order to be
able to establish future educational measures but also to provide data on the potential
economic impact of the world regarding “sex”. Furthermore, considerable interest in the
psychological aspects of sexual dysfunctions is also emerging from some international
guidelines [15].

Given that the pleasure that sexual pleasure is a fundamental component of sexual
health, devices designed to enhance and diversify sexual pleasure could be particularly
useful in clinical practice. Despite their growing popularity and widespread use in various
biopsychosocial circumstances, many taboos still seem to exist, as indicated by the paucity
of scientific literature on the prevalence, application and effectiveness of sexual devices for
therapeutic use [16].

Interestingly, compared to our European fellows, the use of sex toys in Italy is not
widespread. In fact, a study of Döring et al. (2019) showed that in Germany about 50%
of the respondents reported using sex toys both when masturbating and in presence of a
partner [1]. Instead, our survey showed that only between 20 and 30% of the participants
use sex toys and the preferred ones seem to be plugs. The fantasies that most stimulate
and excite our participants are having sex in public, having sex with more than one person
at the same time, blindfolded sex, being tied up and observing a naked person.
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As concerning anal sex, about 80–90% of the respondents answered that they did not
practice it. A study by Habel et al., conducted in the general population of the United
States between 2011–2015, reported that the prevalence of anal sex among heterosexual
people is between 33–38%, which is slightly higher, compared to previous years [17]. It
is possible that, in Italy, sexual freedom and the desire to experiment with new sexual
practices might be overshadowed by a common feeling of shame. However, we have to
consider the high rate of heterosexual respondents in our study.

As for pornography, our results are in line with the study of Herbenick et al. [5], with
80% of our participants watching porn at home, alone or from their smartphones.

Previously, we have demonstrated a positive association between porn addiction and
erectile function, suggesting that a normal balancing between sexual activity, masturbation
and pornography [18].

Furthermore, the impact of pornography on sexual behaviour is extremely important,
expecially during previous COVID-19 pandemic.

In fact, different studies demonstrated an increased interest in pornography and
coronavirus-themed pornography after the outbreak of COVID-19 in both eastern and
western countries [19,20].

All these data reflect the development of faster internet connections and the pervasive
distribution of smartphones, that have somehow partially replaced the use of larger com-
puters and devices, making pornography even more easily and discreetly accessible from
everywhere, at any time, and its importance in the context of sexual behaviour.

The most worrying data that arises from our survey is that only 66% of the respondents
use condoms and only 37% use them regularly, when in a stable relationship. Since in our
cohort the rate of occasional partners (10.5%) and polyamorous relationship (1.2%) were
low, we believe is fundamental that new and more incisive awareness campaigns should
be carried out, in order to avoid the spread of sexually transmitted diseases.

Strenght of the current study are represented by the inclusion of a large number of
participants and to have investigated different aspect of sexuality and sexual behaviour.
Our results could be useful for further researches in the field and to have a photography of
sexual behaviuour of a young Italian population

Limitations of our study include the lack of investigation of older people, due to
the use of Internet as source of enrolment, and the use of not standarized questionnaires.
Futhermore, sexual habits and behaviours of may be different after COVID-19 pandemic
and they should be taken into account by future researches. Finally, our cohort was young
and it may be not representative of the general population.

5. Conclusions

Our survey was born with the aim of gaining a representative picture of sexuality
in Italy before COVID-19 pandemic. There is still much to be done in order to increase
people’s awareness of sexual pleasure and get to the point of feeling free to express
sexual desires to a partner, without fearing to be judged. But even more important, it
is necessary to increase awareness campaigns for the prevention of sexually transmitted
diseases, especially among young people, who are more at risk, since they have fewer
stable relationships and therefore often relate with different sexual partners. Moreover, our
results can have several practical implications for the areas of sex education, sexual health
and to counteract sexual dysfunction during COVID-19 pandemic. Given the current
trends of sexual habits, it is necessary to safeguard the health of young people and support
them by increasing their sexual well-being.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/jcm10194327/s1, Table S1. Sexual pleasure patterns in the all population, Table S2: Contracep-
tion use in the all cohort, Table S3: Sexual intercourse patterns, Table S4: Dating app use in the all
cohort.
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Abstract: Background: the aim of this study was to perform an Italian telematics survey analysis on the
changes in couples’ sex lives during the coronavirus disease 2019 (COVID-19) lockdown. Methods: a
multicenter cross sectional study was conducted on people sexually active and in stable relationships for at
least 6 months. To evaluate male and female sexual dysfunctions, we used the international index of erectile
function (IIEF-15) and the female sexual function index (FSFI), respectively; marital quality and stability
were evaluated by the marital adjustment test (items 10–15); to evaluate the severity of anxiety symptoms,
we used the Hamilton Anxiety Rating Scale. The effects of the quarantine on couples’ relationships
was assessed with questions created in-house. Results: we included 2149 participants. The sex lives
improved for 49% of participants, particularly those in cohabitation; for 29% it deteriorated, while for 22%
of participants it did not change. Women who responded that their sex lives deteriorated had no sexual
dysfunction, but they had anxiety, tension, fear, and insomnia. Contrarily, men who reported deteriorating
sex lives had erectile dysfunctions and orgasmic disorders. In both genders, being unemployed or smart
working, or having sons were risk factors for worsening the couples’ sex lives. Conclusion: this study
should encourage evaluation of the long-term effects of COVID-19 on the sex lives of couples.

Keywords: Covid-19; lockdown; male sexual dysfunction; female sexual dysfunction
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1. Introduction

On 21 February, 2020, in Italy, the first cases of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2)—the coronavirus responsible for coronavirus disease 2019
(COVID-19)—were documented. The number of cases quickly increased, leading to a
pandemic. On 10 March, 2021, a total of 487,074 cases and 100,811 deaths were reported in
Italy [1].

On 5 March, 2020, a national lockdown was declared (Phase 1). For 50 days, this lock-
down affected all national production sectors and health services; non-urgent ambulato-
rial [2] and surgical activities [3] were suspended in all Italian hospitals.

The restrictions prevented families, friends, and sometimes non-cohabiting couples
from physically meeting. On 4 May, 2020 “Phase 2” began, which allowed people to meet
family members and relatives living in the same city, but other restrictions were unchanged.
The lockdown has impacted the entire population; people of all age groups have changed
their habits, which has led to increased uncertainty about the future, especially in regards
to (often irreversible) changes, such as job loss.

In Italy, according to the National Institute of Statistics (ISTAT) [4], after the substantial
stagnation of the first two months in 2020 (−0.1% in January and +0.1% in February),
the onset of the pandemic hit the work market, causing a reduction of 124,000 employees
(−0.5%) in March, more than double that number in April (−274 thousand, −1.2%), and a
continuation in May (−84 thousand, −0.4%). The job market and financial insecurity
were related to symptoms of depression and anxiety [5,6]. Repercussions of the lockdown
on the Italian population’s sex lives are less known. In Italy, crises that have changed
peoples’ habits (e.g., the L’Aquila earthquake) have been studied. It was shown that
crises can alienate loved ones; moreover, the loss of a home can alter daily habits and
couples’ sex lives. After the earthquake, there was a high rate of sexual dysfunction-
related symptoms in young adults, particularly subjects experiencing post-traumatic stress
disorder [7]. The lockdown has also likely led to changes in the sex lives of Italians.

Overall, evidence of the impacts of external stressful events on couples’ sex lives is still
being debated. Although a few studies have addressed the issue of sexual behavior during
the pandemic [8–12], to our knowledge, there is not much data [13] on Italian couples’
sex lives during events such as the lockdown that also investigated sexual activity and
functioning. Since intimate relationships can be a reflection of the “goodness” of couples’
psychological and physical states, we investigated if (and to what extent) uncertainty
and perceived danger could, albeit temporarily, cause changes in the sex lives of Italian
couples. Studying these factors could allow us to better understand the effects of social
deprivation and of perceived/actual danger, as well as how couples are able to compensate
for a long-term lack of basic psychological needs.

We hypothesize that the lockdown influenced the couples’ sex lives. The aim of this
study was to perform a telematics survey analysis of the changes in the sexual behavior of
adult men and women in stable relationships during Phase 1 of the lockdown.

2. Methods

This was an Italian, multicenter cross-sectional study, conducted from 15 urological
centers. It was approved by the local ethics committee, and participants signed online
informed consent documents.

2.1. Participants

The study was conducted from 4 May 2020 (50 days after the start of the lockdown) to
18 May 2020. Inclusion criteria were: subjects sexually active, in stable relationships for
at least 6 months, both sexes, and of any age. Exclusion criteria were: subjects who were
COVID-19 positive, single, or sexually inactive.
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2.2. Procedure

The research was performed with an online survey. A questionnaire was created
in Italian via Google Forms (Supplementary Material 1). The questionnaire link was
forwarded to all investigator associates. Respondents were recruited through convenience
sampling and were asked to forward (or post) the links among their contact groups in all
social networks (i.e., Facebook) or by free communication apps (i.e., WhatsApp).

Clicking on the questionnaire link caused the consent form and the instructions to
appear on the screen. The questionnaire became accessible after participants accepted the
terms and conditions of the study. Data cleaning was performed by one of the investigators
and was cross-checked by a second investigator.

2.3. Measures

For each participant, demographic data were obtained, including age, gender, weight,
and height, as freeform questions; and sexual orientation, current region of residence,
and occupation as multiple choice questions. Other questions were: “Do you have chil-
dren?” and “Do you live with your partner?” with dichotomous answers; and “How many
years have you been in a relationship with your partner?”.

In regards to sexual functioning, women had to fill in the female sexual function index
(FSFI-19 items) [14], and the international index of erectile function (IIEF-15 items) [15] was
used to evaluate female and male sexual function in the 4 weeks before the survey, during
Phase 1. Married participants completed the marital adjustment test (MAT), items 10 to
15 [16], which evaluated marital quality and stability. The items chosen investigated couple
complicity and the presence of common interests

All participants completed the Hamilton Anxiety Rating Scale (HAM) [17], which mea-
sures the severity of anxiety symptoms. The effects of the COVID-19 pandemic and quar-
antine on couples’ relationships were assessed with questions created in-house (Table 1).
We defined “improvement of sexual life” with the answer “Much; very much” to Item 4
(“Do you think that your couple’s sex life has improved during this period?”) of COVID-19;
while “worsening of sexual life” with the answer “Much; very much” to Item 3 (“Do you
think that your sex life as a couple has deteriorated during this period?”) of COVID-19.

Table 1. Questions concerning the coronavirus disease 2019 (COVID-19) pandemic and its effect on couples’ relationships.

No Not Much So and So Much Very Much

1. Do you feel safe at home?

2. Do you feel safe outside the home?

3. Do you think that your sex life as a couple has deteriorated during this period?

4. Do you think that your sex life as a couple has improved during this period?

5. Do you feel safe with your partner at home?

6. Do you feel dissatisfied with your partner at home?

7. Do you feel happy with your partner at home?

8. Do you feel uncomfortable with your partner at home?

9. How comfortable do you feel with your partner at home?

10. How satisfied do you feel with your partner at home?

11. Do you think that your couple problems have decreased during this period?

12. Do you feel unhappy with your partner at home?

13. Do you think that your couple problems have increased during this period?

14. Do you feel more nervous towards your partner during this period?

15. Do you feel more calm towards your partner during this period?
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2.4. Statistical Analysis

All answers were downloaded via Google Form and reported in a calculation file,
and each answer was converted into a corresponding score on the basis of the question-
naire analyzed. The Mann–Whitney test was used to compare ordinal and non-normally
distributed continuous variables; to compare normally distributed continuous variables
we used T-Test. Categorical data were analyzed with the χ2 test with Yates correction or
Fisher’s exact test. Multivariate logistic regression models were fit for the prediction of risk
factors (clinical and demographic data) for worsening female and male sex lives. Multivariate
logistic regression models were fit, incorporating all variable analyses in bivariate analyses.
Odds ratios (ORs) with 95% CIs were also calculated. Statistical analyses were performed
in software (SPSS, Version 23.0; IBM Corp, Armonk, NY, USA). A two-sided p value < 0.05
was considered significant. We did not perform the correction for multiplicity. The internal
validity of the COVID-19 questionnaire was evaluated by Cronbach alpha test.

3. Results

From 4 May to 18 May 2020, we enrolled 2150 participants. One participant was
excluded because the questionnaire had been filled out incorrectly. The analysis was
performed on 2149 participants. Table 2 shows the demographic data of the study’s total
population and both genders. The sample size for homosexuals and bisexuals was too
small to perform statistical analysis; therefore, the analysis was performed on the entire
population regardless of sexual orientation. The COVID-19 questionnaire showed a high
level of inter-item reliability and Cronbach’s alpha (0.76).

Table 2. The demographic data of the general population and female and male participants.

Data Total Population n (2149) Female n (1112) Male n (1037)

Age (mean ± SD) 43.07 ± 12.5 43 ± 12.5 43.2 ± 12.4

BMI (median, range) 24.16 (18.90–44.2) 24.14 (18.90–43.1) 24.21 (19.90–44.2)

Sexual Orientation
Heterosexual n (%) 2035 (94) 1075 (96.6) 960 (92.5)
Homosexual n (%) 91 (4) 18 (16.2) 73 (7)

Bisexual n (%) 23 (10) 19 (17) 4 (0.4)

Son n (%) 1253 (58) 657 (59) 596 (57.4)

Residences
North n (%) 665 (31) 359 (32.2) 306 (29)

Central n (%) 773 (36) 417 (37.5) 356 (34.3)
South and Islands n (%) 711 (33) 336(30.3) 375 (36.7)

Education
Primary school n (%) 7 (0.3) 2 (0.1) 5 (0.4)

Secondary school n (%) 132 (6) 78 (7) 54 (5.2)
High school n (%) 712 (33) 352 (31.7) 300 (28.9)

Graduate school n (%) 1298 (60) 680 (61.2) 678 (65.3)

Occupation
Student n (%) 105 (4) 46 (4) 59 (5.7)
Retired n (%) 112 (5.2) 50 (4.5) 62 (5.9)

Unemployed n (%) 181 (8.4) 127 (11.4) 54 (5.3)
Working at the usual workplace n (%) 735 (3.4) 441 (39.6) 294 (28.4)

Smart working n (%) 1016 (4.7) 448 (40.3) 568 (54.7)

Cohabitants n (%) 1667 (77.5) 895 (80) 772 (74.4)

Married 1238 (5.7)

Years of stable relationships
≤1 years n (%) 171 (7.9) 162 (14.5) 109 (10.5)

Da 1 a 3 years n (%) 282 (13) 146 (1.43) 136 (13.2)
Da 3 a 5 years n (%) 204 (9.4) 130 (1.16) 74 (7.1)

≥5 years n (%) 1492 (69.4) 774 (69.6) 718 (69.2)

Questionnaire
IIEF (mean ± SD) 38.9 ± 28.2 45.9 ± 12.2 34.2 ± 13.5

FSFI (median, range) 28.5 (2–35.6) 28.5 (2–35.6) 28.5 (2–35.6)
MAT (mean ± SD) 50.3 ± 2.6 47.3 ± 6.2 49.7 ± 3.5
HAM (mean ± SD) 5.1 ± 1.3 6.3 ± 2.5 5.3 ± 3.8

IIEF: International index of erectile function; FSFI: female sexual function index MAT: Marital adjustment test;HAM: Hamilton Anxiety
Rating Scale.
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A total of 49% replied “much or very much” to the question “Do you think that your
couple’s sex life has improved during this period?” (Item 4 COVID-19); 29% replied “much
or very much” to the question “Do you think that your couple’s sex life has deteriorated
during this period?” (Item 3 COVID-19); and 22% did not report a change—subjects
who answered that they neither had an improvement nor a worsening (Items 3 and 4,
COVID-19).

Table 3 shows the demographic data of the general population who reported an
improvement or worsening, or no changes of couples’ sex lives.

Table 3. Demographic data on subjects who reported an improvement, worsening, or no changes in the couple’s sex life.

Data
Total Improvement

p Value
Total Worsening

p Value Total No Change
n = 477

p Value
n = 1049 n = 623

Age
0.2 0.4 0.4>40 years (mean ± SD) 55.12 ± 3.2 57.25 ± 2.1 51.19 ± 3.8

<40 years (mean ± SD) 34.6 ± 4.1 37.4 ± 2.6 31.7 ± 2.4

BMI 23.5 ± 1.2 25.4 ± 2.9 26.4 ± 3.6

Gender
0.002 0.4 0.4Female n (%) 579 (55.2) 314 (50.4) 219 (45.9)

Male n (%) 470 (44.8) 309 (49.5) 258 (54.0)

Years of stable
relationships

<0.0001 <0.0001 0.0001
≥5 year 764 (72.8) 399 (64.0) 148 (31.0)
<5 years 285 (27.1) 224 (35.9) 329 (68.9)

Married
0.001 <0.0001 <0.0001Yes n (%) 640 (61) 306 (49.1) 292 (61.2)

No n (%) 409 (38.9) 317 (50.8) 185 (38.7)

Sexual Orientation

<0.0001 <0.0001 <0.0001
Heterosexual n (%) 985 (93.8) 580 (93) 470 (98.5)
Homosexual n (%) 49 (4.6) 35 (5.6) 7 (1.4)

Bisexual n (%) 15 (1.4) 8 (1.2) 0

Educational

<0.0001 0.001 <0.0001
Primary school n (%) 0 7 (0.12) 0

Secondary school n (%) 54 (5.14) 78 (12.5) 0 (0)
High school n (%) 329 (31.3) 383 (61.4) 20 (4.1)

Graduate school n (%) 985 (94) 313 (50.2) 457 (95.8)

Residence

0.007 <0.0001 0.01
North n (%) 313 (29.8) 288 (46.2) 64 (13.4)
South n (%) 324 (30.9) 218 (35.0) 231 (48.2)
Centre n (%) 412 (39.3) 117 (28.4) 182 (38.1)

Son
0.112 0.003 <0.0001Yes n (%) 423 (40.3) 334 (53.6) 30 (6.2)

No n (%) 626 (59.7) 289 (46.4) 447 (93.7)

Occupation

0.001 <0.0001 <0.0001

Student n (%) 50 (0.2) 80 (12.8) 0
Retired n (%) 85 (8.1) 10 (1.6) 17 (3.5)

Unemployed n (%) 20 (2) 90 (14.4) 86 (18)
Working at the usual

workplace n (%) 650 (61.9) 20 (3.2) 65 (13.6)

Smart working n (%) 244 (23.2) 423 (67.8) 309 (64.7)

Questionnaire
IIEF (mean ± SD) 37.4 ± 26.3 27 ± 28 32.6 ± 12

FSFI (median, range) 28.5 (2–35.6) 28.5 (2–35.6) 28.5 (2.35–6)
MAT (mean ± SD) 64.3 ± 2.1 42.7 ± 5.4 48.2 ± 2.6
HAM (mean ± SD) 5.2 ± 3.5 9.7 ± 5.1 5.1 ± 2.3

Participants who reported improved sex lives were mostly female (p = 0.01) or partici-
pants with lasting relationships (p < 0.0001), compared to those who reported deteriorating
sex lives, or having no changes during the lockdown.

Subjects who reported worsening sex lives were unmarried (p = 0.01) or had sons
(p < 0.0001) compared to other groups.
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Male subjects (p = 0.01), participants with shorter relationships (p < 0.0001), or par-
ticipants without sons (p < 0.0001) reported no changes compared to participants in oth-
ers groups.

There was no statistical difference according to age.

3.1. The Improvement of Couples’ Sex Lives

Improvements in couples’ sex lives was reported more by female subjects than male
(p = 0.002); improvements were also associated with the following variables: cohabiting
with the partner (84%), being in a stable relationship for more than 5 years (72.8%), married,
without sons (59.7%). Both men and women who reported an improvement in their sex
lives (Item 4 COVID-19) had good relationships with their partners.

Among women, 97% of them had all (or some) interests in common with their partners
(Item 2 MAT (Marital Adjustment Test)), and 65.7% liked to do the same activities as their
partners in their free time (they gave the same answers to Items 4–5 in the MAT), and 70%
would remarry the same person (Item 6 MAT).

Among men, 72% and 74% were happy (Item 7 COVID-19) and satisfied with their
partners (Item 10 COVID-19), respectively; 83% had all or some interests in common with
their partners (Item 2 MAT), and 66% liked to do the same activities as their partners in
their free time (Items 4–5 MAT). A total of 80% would remarry the same person (Item
7 MAT).

None of the subjects, in either gender, had sexual dysfunctions. Men experienced good
erectile and orgasmic functions, high sexual desire, and overall satisfaction (IIEF mean
33.5 ± 21.4) in the prior 4 weeks, while women had a median FSFI score of 28.5 (2–35.6).
They lived mostly in central (39.3%) or south (30.9%) Italy; most attended graduate school
(94%) and worked at the usual workplaces (61.9%).

3.2. Worsening of Couples’ Sex Lives

Worsening of couples’ sex lives was reported in both sexes, but without statistically
significant differences between genders (p = 0.4) or between people under and over 40 years
of age (47.4% vs. 48.6%, p = 0.8). Most of these subjects did not live with their partners
during lockdown (73.4%). Among those who reported worsening sex lives (as a couple) and
who lived with their partners (26.6%), 82% had sons, and 81.7% had stable relationships
for more than 5 years. In 50.8% of the cases, they lived in north Italy; most attended high
school (55.7%), and worked at home in smart working (68.7%).

Women who responded that “their couple’s sex lives has deteriorated” (Item 3 COVID-
19) had no sexual dysfunction (FSFI median score 28.5 (2–35.6)) (Table 4). However,
they had higher anxiety (17.7% vs. 8.4%, p < 0.0001, item 1 HAM score), tension (21.6%
versus 10.5%, p < 0.0001, Item 2 HAM score), fear (21.3% vs. 7.2% p < 0.0001, Item 3 HAM
score), and insomnia (27.5% vs. 3.7%, p < 0.0001, Item 4 HAM score) than women who
had replied “no, not much or so-so” to the question of whether their sex life had worsened.
In addition, among cohabitants, women were also more likely to be dissatisfied with their
partners (13.8% vs. 5.3%, p < 0.0001) and to feel nervous toward their partners during this
period (24.6% vs. 5.1%, p < 0.0001) than women who had replied “no, not much or so-so”
to the question on whether their sex life had worsened.

In contrast, men who reported worsened couples’ sex lives had mild erectile dysfunc-
tions, orgasmic dysfunctions, and low sexual satisfaction in the prior 4 weeks (Table 4).
These results were conformed in the univariate and multivariate analysis (Table 5); in
fact, erectile dysfunction, orgasmic dysfunction, and low intercourse satisfaction were
risk factors for worsened couples’ sex lives. Cohabitating men (57%) had mild erectile
dysfunction (19 ± 10.5), pathological scores of desire (of 5.5 ± 2.1), and overall satisfaction
of 5.5 ± 2.1. They felt more uncomfortable with their partners at home than those who did
not report worsened sex lives (12.9% vs. 5.4%, p < 0.0001, item 8 COVID-19), and had mild
anxiety symptoms (median score 17 (8–32)). However, only 11.3% of married people said
that they would marry another person (Item 6 MAT Test), 19.5% experienced an increase

114



J. Clin. Med. 2021, 10, 1414

in couples’ problems (Item 13 COVID-19), and 7% were unhappy with their partners at
home (Item 12 COVID-19). Among non-cohabitants the IIEF scores, except for sexual desire
(Table 4) and moderate symptoms of anxiety (median score 29 (8–35)), were associated
with a worsening of couples’ sex lives.

Table 4. Demographic data on subjects who lived with their partners during the lockdown, and reported an improvement,
worsening, or no changes in the couple’s sex life.

Data
Total Improvement;

n = 883
p Value

Total Worsening;
n = 393

p Value
Total No

Changes n = 389
p Value

Age
0.2 0.3 0.3>40 years 54.09 ± 3.1 53.39±2.3 56.23 ± 3.4

<40 years 36.4 ± 3.6 35.3±3.6 34.2 ± 2.7

BMI 24.7± 2.9 26.3±3.6 27.4±3.1

Gender
0.001 0.002 0.01Female n (%) 491 (55.6) 217 (55.2) 200 (51.4)

Male n (%) 392 (44.4) 176 (44.8) 189 (48.5)

Years of stable
relationships

<0.0001 <0.0001 <0.0001
≥5 year 721 (81.7) 321 (81.7) 310 (79.6)
<5 years 162 (18.3) 721(18.3) 79 (20.3)

Married
<0.0001 <0.0001 <0.0001Yes n (%) 628 (71.1) 263 (66.9) 256 (65.8)

No n (%) 255 (28.8) 130 (33.0) 133 (34.1)

Educational

<0.0001 <0.0001 0.001
Primary school n (%) 0 4 (1.01) 2 (0.5)

Secondary school n (%) 53 (6) 70(17.8) 189 (48.5)
High school n (%) 300 (33.9) 219(55.7) 98 (25.1)

Graduate school n (%) 530 (60.1) 100(25.4) 100 (25.7)

Residence

0.005 0.001 <0.0001
North n (%) 229 (25.9) 200 (50.8) 75 (19.2)
South n (%) 254 (28.7) 100 (25.4) 130 (33.4)
Centre n (%) 400 (45.3) 3 (23.6) 184 (47.3)

Son
0.001 <0.0001 <0.0001Yes n (%) 400 (45.3) 325 (82) 135 (34.7)

No n (%) 483 (54.7) 68 (17.3) 254 (65.3)

Occupation

0.001 0.001 0.01

Student n (%) 0 (0.2) 0 (12.8) 125 (32.1)
Retired n (%) 100 (11.3) 3 (0.7) 112 (28.7)

Unemployed n (%) 13 (1.4) 100 (25.4) 0
Working at the usual

workplace n (%) 670 (75.8) 20 (5.1) 100 (25.7)

Smart working n (%) 100 (11.3) 270(68.7) 25 (6.4)

Sexual Orientation

<0.0001 <0.0001 <0.0001
Heterosexual n (%) 875 (93.8) 384 (97.7) 388(99.7)
Homosexual n (%) 8 (0.9) 0 1 (0.25)

Bisexual n (%) 0 9 (2.3) 0

Questionnaire
IIEF (mean ± SD) 33.5 ± 21.4 25 ± 12 34.8 ± 10.2

FSFI (median, range) 28.5 (2–35.6) 28.5 (2–35.6) 28.5 (2.35–6)
MAT (mean ± SD) 75.3 ± 3.5 41.7 ± 6.4 46.2 ± 2.4
HAM (mean ± SD) 5.1 ± 2.4 9.2 ± 4.3 5.1 ± 2.7

Tables 6 and 7 showed the results of univariate analysis and multivariate logistic
regression for risk factor assessment for worsening female and male sex lives, respectively.
In both genders, being unemployed or smart working during this period, as well as living
in north Italy, having sons, and a relationship for more than 5 years, were risk factors for
worsened sex lives.

115



J. Clin. Med. 2021, 10, 1414

Table 5. Univariate analysis and multivariate logistic regression final model for female worsening
sex lives vs. demographic and psychological data.

Female Worsening Sexual Life Univariate Analysis Logistic Regression

p Value OR (95% CI) p Value OR (95% CI)

Age 0.63 0.56 (0.71–1.22) 0.98 0.98 (0.87–1.15)

BMI 0.77 0.66 (0.50–1.89) 0.51 0.66 (0.50–1.89)

Sexual Orientation
Heterosexual 0.13 1.71 (0.74–3.94) 0.24 1.96 (0.62–6.15)
Homosexual 0.2 0.50 (0.14–1.75) 0.75 0.75 (0.13–4.19)

Bisexual 0.34 0.67 (0.22–2.04) 0.54 0.85 (0.19–1.98)

Son
Yes 0.001 1.82 (1.63–2.09) 0.001 1.85 (1.68–2.21)
No 0.2 0.94 (0.84–1.57) 0.12 0.87 (0.75–1.10)

Residences
North 0.002 1.50 (1.14–1.97) 0.004 1.63 (1.16–2.28)

Central 0.01 0.64 (0.48–0.84) 0.002 1.52 (1.14–2.37)
South and Islands 0.4 1.04 (0.78–1.38) 0.4 1.16 (0.81–1.65)

Education
Primary school 0.34 1.12 (0.87–1.24) 0.49 1.22 (1.11–1.78)

Secondary school 0.45 1.20 (1.01–1.36) 0.67 1.32 (1.20–1.55)
High school 0.67 1.17 (1.08–1.45) 0.82 1.24 (1.14–1.37)

Graduate school 0.55 1.24 (1.15–1.57) 0.76 1.31 (1.20–1.68)

Occupation
Student 0.06 1.67 (0.91–3.06) 0.08 1.57 (1.10–3.58)
Retired 0.06 0.27 (0.10–0.68) 0.5 0.8 (0.4–1.67)

Unemployed 0.02 1.62 (1.19–2.35) 0.04 1.45 (1.20–3.25)
Working at the usual workplace 0.39 1.04 (0.82–1.36) 0.4 0.75 (0.31–1.52)

Smart working 0.001 1.27 (1.10–1.68) 0.01 1.32 (1.15–1.76)

Married
Yes 0.04 1.28 (0.98–1.67) 0.83 1.35 (1.10–1.57)
No 0.04 0.78 (0.59–1.01) 0.78 0.85 (0.64–1.21)

Years of stable relationships
<5 years 0.04 0.77 (0.58–1.02) 0.7 0.94 (0.74–3.45)
≥5 years 0.04 1.29 (0.98–1.71) 0.02 1.49 (1.13–4.58)

Psychological data
Anxiety <0.0001 2.36 (1.60–3.48) 0.03 1.28 (0.78–2.09)
Tension <0.0001 2.34 (1.64–3.34) 0.13 3.27 (2.51–5.34)

Fear <0.0001 2.33 (1.63–3.30) 0.001 2.57 (1.78–4.16)
Insomnia <0.0001 2.34 (1.64–3.34) 0.04 1.41 (0.94–2.13)

Table 6. Univariate analysis and multivariate logistic regression final model for male worsened sex
lives vs. demographic and psychological data.

Male Worsening Sexual Life Univariate Analysis Logistic Regression

p Value OR (95% CI) p Value OR (95% CI)

Age
0.74 0.67 (0.41–1.34) 0.89 0.78 (0.57–1.29)

BMI 0.59 0.58 (0.34–1.91) 0.66 0.61 (0.34–1.97)
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Table 6. Cont.

Male Worsening Sexual Life Univariate Analysis Logistic Regression

p Value OR (95% CI) p Value OR (95% CI)

Sexual Orientation
Heterosexual 0.25 1.39 (0.45–4.26) 0.35 1.57 (0.74–4.23)
Homosexual 0.45 0.72 (0.38–1.98) 0.89 0.87 (0.34–5.23)

Bisexual 0.55 0.45 (0.27–2.59) 0.74 0.82 (0.32–2.65)

Son
Yes 0.8 1.94 (1.54–2.23) 0.24 1.86 1.78–2.98)
No 0.8 0.92 (0.89–1.64) 0.24 0.97 (0.87–2.10)

Residences
North 0 2.57 (1.25–2.58) 0.002 1.81 (1.24–2.59)

Central 0.7 0.86 (0.57–1.89) 0.003 1.48 (1.17–2.42)
South and Islands 1.44 (0.82–1.76) 0.35 1.78 (0.43–2.87)

Education
Primary school 0.54 1.46 (0.91–3.24) 0.74 1.51 (1.23–2.14)

Secondary school 0.61 1.29 (1.17–1.47) 0.89 1.52 (1.20–2.18)
High school 0.85 1.28 (1.04–1.59) 0.94 2.14 (1.87–2.69)

Graduate school 0.45 1.78 (1.35–2.25) 0.87 1.54 (1.36–1.92)

Occupation
Student 0.09 1.85 (1.25–3.78) 0.06 1.94 (1.20–4.58)
Retired 0.05 0.74 (0.21–0.84) 0.3 1.45 (1.15–1.82)

Unemployed 0.04 1.83 (1.49–2.75) 0.03 1.95 (1.54–3.25)
Working at the usual workplace 0.7 1.30 (0.47–2.41) 0.6 0.84 (0.45–1.78)

Smart working 0.01 1.57 (1.65–2.69) 0.02 3.24 (1.55–3.98)

Married
Yes 0.02 1.36 (0.76–2.47) 0.74 1.98 (1.22–2.36)
No 0.02 0.95 (0.48–2.58) 0.54 0.93 (0.74–2.14)

Years of stable relationships
<5years 0.03 0.48 (0.10–1.58) 0.4 1.24 (0.94–2.69)
≥5 years 0.03 1.78 (0.68–2.36) 0.01 2.36 (1.25–3.45)

Psychological data
Anxiety <0.0001 1.56 (0.45–2.87) 0.01 1.78 (0.92–3.45)
Tension <0.0001 2.71 (1.36–3.56) 0.78 4.13 (2.63–6.21)

Fear <0.0001 2.45 (1.79–4.56) 0.02 2.96 (1.61–4.57)
Insomnia <0.0001 2.36 (1.87–4.51) 0.07 2.57 (1.45–3.68)

Table 7. Univariate analysis and multivariate logistic regression final model for female cohabitants
worsening sex lives vs. demographic and psychological data.

Female Worsening Sexual Life Univariate Analysis Logistic Regression

p Value OR (95% CI) p Value OR (95% CI)

Age
0.005 0.62 (0.45–0.86) 0.02 0.92 (0.65–1.23)

BMI 0.54 1.37 (1.01–1.79) 0.63 1.67 (1.35–1.86)

Sexual Orientation
Heterosexual 0.25 1.85 (0.69–4.25) 0.34 1.93 (0.84–5.21)
Homosexual 0.36 0.75 (0.23–1.89) 0.87 0.84 (0.65–4.63)

Bisexual 0.65 0.94 (0.34–2.37) 0.78 0.61 (0.32–1.85)

Son
Yes 0.51 1.29 (0.87–1.88) 0.26 1.74 (0.45–1.36)
No 0.32 0.66 (0.84–1.75) 0.26 0.82 (0.47–1.68)
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Table 7. Cont.

Female Worsening Sexual Life Univariate Analysis Logistic Regression

p Value OR (95% CI) p Value OR (95% CI)

Residences
North 0.001 1.74 (1.35–2.35) 0.002 1.78 (1.45–2.80)

Central 0.03 0.53 (0.10–0.95) 0.001 1.92 (1.32–2.88)
South and Islands 0.5 1.26 (0.95–1.47) 0.6 1.45 (0.96–1.84)

Education
Primary school 0.65 1.45 (0.95–1.63) 0.88 1.36 (1.14–1.95)

Secondary school 0.57 1.38 (1.10–1.78) 0.69 1.57 (1.32–1.86)
High school 0.82 1.26 (1.04–1.83) 0.71 1.49 (1.26–1.55)

Graduate school 0.63 1.87 (1.34–1.93) 0.86 1.61 (1.47–1.73)

Occupation
Student 0.08 1.54 (0.84–3.54) 0.5 1.89 (1.30–3.84)
Retired 0.07 0.59 (0.16–0.84) 0.7 0.9 (0.12–1.75)

Unemployed 0.01 1.87 (1.36–2.73) 0.02 1.59 (1.25–3.59)
Working at the usual workplace 0.5 1.65 (0.69–1.95) 0.8 0.96 (0.47–1.73)

Smart working 0.002 1.43 (1.05–1.87) 0.01 1.63 (1.11–1.94)

Married
Yes 0.03 0.94 (0.45–1.36) 0.91 0.75 (0.35–1.67)
No 0.03 1.45 (0.76–1.62) 0.84 1.61 (1.32–1.99)

Years of stable relationships
<5 years 0.01 0.84 (0.41–1.57) 0.5 0.84 (0.54–3.75)
≥5 years 0.01 1.65 (0.86–1.92) 0.03 1.81 (1.35–4.98)

Psychological data
Anxiety <0.0001 2. 62 (1.72–4.11) 0.04 1.65 (0.52–2.79)
Tension <0.0001 2.75 (1.75–4.80) 0.25 3.58 (2.47–5.88)

Fear <0.014 1.01 (0.99–1.03) 0.02 2.67 (1.45–4.53)
Insomnia <0.0001 2.26 (1.48–3.45) 0.01 1.78 (0.68–2.90)

3.3. Risk Factors of Worsening of Couples’ Sex Lives

In the univariate, being married was a risk factor for both women and men, but the
result was not confirmed at the multivariate. Anxiety, fear, and insomnia that developed
during this period appeared to be risk factors for worsened sex lives in both genders.

The same risk factors were obtained in the univariate and multivariate logistic regres-
sion for risk factor assessment for the worsened sex lives of female and male cohabitants.

A total of 76% of the population replied, “no or not much” to the question “Do you feel
safe outside your home?” (Item 2 COVID-19). According to the HAM scores, participants
feeling insecure while away from home had higher anxiety (88.2% vs. 11.5%, p = 0.002),
tension, fatigue, alarm responses, crying, trembling, restlessness, inability to relax (90.7%
vs. 9.3%, p = 0.04), fear (99.6% vs. 0.4% p < 0.0001), and insomnia (86.9% vs. 13.1%, p = 0.04)
than participants who replied “much or very much.”

A total of 90% of the respondents replied that “they felt very or very safe inside the
home” (Item 1 COVID-19), and 84.5% that “they felt safe at home with their partner” (Item
5 COVID-19).

4. Discussion

The combination of isolation and risk of contagion has provoked a negative cumula-
tive effect in terms of psychological and socio-cognitive resilience. Isolation is a slow stress
factor because it prevents social relationships that, in turn, help people regulate their emo-
tions, cope with stressful events, and strengthen their resilience during difficulties [18,19].
Consistently, in the current study, as in an another Chinese cross-sectional survey [10],
the majority of participants (especially those who reported feeling insecure outside the
home) reported high levels of anxiety, fear, agitation, feelings of restlessness, and insomnia.
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Our study showed that the COVID-19 pandemic has also influenced Italian couples’
sex lives. Simultaneously, the “lockdown” led to an improvement in couples’ sex lives in
49% of participants, particularly cohabitants, whereas 29% reported a worsened sex life for
different reasons between men and women, and 22% reported no change.

During the lockdown, despite the impossibility of meeting friends and relatives,
and maintaining stability, in many cases, a rapprochement occurred among cohabiting
couples. Most people reported that they were satisfied and happy with their partners at
home. The improvement was reported primarily in participants who had been in stable
relationships for more than 5 years, probably because the increased time spent together
favored the rediscovery of a feeling that the couple might have lost in their life routines.
Spending entire days at home can stimulate and facilitate common interests between
partners—the sharing of hobbies or daily practices that normally could not be shared
because of a lack of time.

Participants over the age of 40 improved more than those younger than 40, probably
because most of the younger participants did not live with their partners during this period.

In our study, in both genders, participants who reported an improvement in their
sex lives did not have sexual dysfunction. It allowed them to obtain qualitatively valid
sexual activity, which strengthened the couples, as such. Moreover, another Italian survey
conducted on participants younger than those in the present study, showed improvements
in the frequency of sexual intercourse and sexual desire in both genders [13]. Villani
showed that the increase in frequency of sexual intercourse also caused an increase in
spontaneous pregnancy during the lockdown [20].

The worsening of couples’ sex lives was reported in both genders, without a statis-
tically significant difference between them (women 50.4% versus men 49.6%). In both
genders, risk factors included being unemployed or smart working during this period,
as well as living in north and central Italy, having sons, and a relationship for more than
5 years. The absence of children also likely allowed more time for couples. The partners
were thus able to act on their sexual interests at any time. In everyday life, children attend
school and, at times, are cared for by their grandparents after-school, and boys often engage
in activities that allow parents to keep their space. However, the pandemic has changed
the status quo, forcing couples to find fleeting moments of intimacy, which may not always
be possible. During the pandemic period, couples with children were engaged in childcare
and distance learning, and this negatively influenced the time available to devote to their
partners and married lives.

Our study did not investigate the presence, during the lockdown, of other family
members besides children; of course, this could also affect a couple’s sex life. However,
we assumed that the decree allowed them to live only between cohabitants, and conse-
quently, any other family members were present even before the lockdown; therefore, there
should be no such influence to be analyzed.

Women who reporting a worsening of the couple’s sex life had no pathological median
FSFI score, but they had emotional difficulties. Presumably, the worsening of women’s
sex lives can be attributed to several factors, including the lockdown, psychological and
sociocultural factors, and interpersonal well-being [21–23]. The pandemic, similar to other
catastrophic situations (such as earthquakes, hurricanes or wars), could in fact cause anxiety
and depression, thus, decrease the frequency of sexual intercourse [24], sexual desire [25],
libido, orgasm, and vaginal lubrication [26,27].

In men, worsened sex lives were predominately due to sexual dysfunction; however,
a low percentage of men were unhappy at home with their partners, and would marry
other people. In this frame, presumably, we cannot exclude that, along with the lockdown
effect, the link between sexual dysfunction and psychological well-being [28], cognitive
attributions, depressive–anxiety state, partner reactions, automatic failure/disengagement
thoughts, and ineffective coping styles may have played a critical role [29].

Another Italian survey showed a decrease in the number of times sexual intercourse
took place during quarantine, compared with before the period, in particular the surveyed
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people who had sexual intercourse more than twice a week (54.2 vs. 37.2%, p < 0.01) [30].
It was due to lack of privacy (43.2%) and lack of stimuli (40.9%) [30].

During a pandemic, many problems are faced by non-cohabitant partners.
Lopes showed that, in cohabiting couples, an improvement of the couple’s sex life

could be explained by the search for safety, intimacy, or by increasing the possibility of
sexual intercourse [31]. In other cases, a worsening could be explained by opposite habits,
and the search for compromises in respect of privacy and individuality [31]. The routine
that was once taken for granted could become a source of stress. In these cases, sexual
activity was certainly overshadowed. In unstable scenarios, men’s libidos can be affected as
much as women; desire may increase (as a relief valve, to seek immediate pleasure) or may
be completely absent (loss of sense of security and stability). While partners who do not live
together can adopt new sexual routines [31]. Furthermore, other studies have showed that
external stressful events can provoke a decrease in sexual activity and satisfaction [30,31].

Deprivation of sexual activity could have very insidious psychological effects , partic-
ularly at a time when people are fragile, and their mental health is particularly strained [31].
Often, the participants reported being alone at home, away from their partners, and the
rest of their families. Each participant faced the sad situation in a different way, particularly
from a sexual standpoint. In literature, for example, the impact of social distancing on
sexuality has been evaluated in men undergoing radical prostatectomy [32]. It is a surgical
procedure that has a high impact on male sexuality. Depression, anxiety, and deprivation
of sexual activity, during lockdown, can decrease the desire for sexual rehabilitation; the
subject then enters a vicious circle in which his emotions are a cause and effect of his
sexual problems.

Previous studies have evaluated and even recommended the use of alternative sexual
practices, such as masturbation [13] or “virtual sex” via digital platforms, such as phone or
video chat [31] or viewing pornography movies [13]. One Italian survey reported decreased
masturbation activity due to poor privacy (46.4%) and lack of desire (34.7%) [30]

The limitations of our study include the lack of baseline data on sexual dysfunction,
although this aspect was not the aim of this study. Furthermore, considering the lack
of information about any comorbidities, it is not possible to adjust results obtained for
potential factors affecting sexual habits.

Other limitations include the sample being very large; however, it may not be represen-
tative of the general population. We have not analyzed data on homosexuals and bisexuals
due to too small a sample; we used only four items of MAT questionnaires, and we could
not include subjects who did not have the internet. Future studies should consider this.

The strengths of our study include the sample size. To our knowledge, the present
study is the first to evaluate the relationship between the COVID-19 pandemic and Italian
female and male sexual functions by using standardized questionnaires, evaluating sexual
dysfunctions, and analyzing people in this mean age (43.07 ± 12.5).

5. Conclusions

In conclusion, the lockdown and social distancing during the COVID-19 pandemic
mostly improved couples’ sex lives among cohabiting participants. The results of this re-
search could be useful for interventions designed to help couples maintain sexual intimacy
when they are not forced to spend more time together.
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Abstract: The COronaVIrus Disease 19 (COVID-19) pandemic is an emerging reality in nephrology.
In a continuously changing scenario, we need to assess our patients’ additional risk in terms of
attending hemodialysis treatments, follow-up peritoneal dialysis, and kidney transplant visits. The
prevalence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-20 infection in the general
population plays a pivotal role in estimating the additional COVID-19 risk in chronic kidney disease
(CKD) patients. Unfortunately, local prevalence is often obscure, and when we have an estimation,
we neglect the number of asymptomatic subjects in the same area and, consequently, the risk of
infection in CKD patients. Furthermore, we still have the problem of managing COVID-19 diagnosis
and the test’s accuracy. Currently, the gold standard for SARS-CoV-2 detection is a real-time reverse
transcription-polymerase chain reaction (rRT-PCR) on respiratory tract samples. rRT-PCR presents
some vulnerability related to pre-analytic and analytic problems and could impact strongly on its
diagnostic accuracy. Specifically, the operative proceedings to obtain the samples and the different
types of diagnostic assay could affect the results of the test. In this scenario, knowing the local
prevalence and the local screening test accuracy helps the clinician to perform preventive measures
to limit the diffusion of COVID-19 in the CKD population.

Keywords: COVID-19; chronic kidney disease; screening text; accuracy

1. Introduction

COronaVIrus Disease 19 (COVID-19) is a pandemic disease currently present in
more of 200 countries globally [1], and it is caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). COVID-19 can manifest in different ways from asymptomatic
form to severe pneumonia and fatal multi-organ failure. The government in Italy and other
countries decided to impose lockdown for an extended period to avoid a wide diffusion of
COVID-19 and dilute the correlated need for severe cases of hospitalization. We started
limiting unnecessary motion and promoting social distance, mask use, and hand cleaning
in this context.

Chronic kidney disease (CKD) patients, especially those in stage 5D, have mandatory
needs to attend hospital facilities visits or treatments. This condition per se could increase
the risk of COVID-19 and should be carefully evaluated by nephrologists considering their
local situation.
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2. COVID-19 Risk in Chronic Kidney Patients

In the general population, the typical symptoms at onset are fever, dry cough, fatigue,
and dyspnoea. Still, in some cases, the patients can present headaches, diarrhea, vomiting,
abdominal pain, and dizziness [2,3]. Furthermore, physicians have reported other manifesta-
tions such as rash, eye abnormalities, and neurological and heart complications [2–4]. The
clinical manifestations seem worse in elderly patients and those with comorbidities such
as diabetes, hypertension, chronic kidney disease, chronic obstructive pulmonary disease
(COPD), and chronic heart disease [5]. The presence of underlying kidney disease seems a
risk factor for developing severe complications and appears to be associated with a higher
mortality rate [6]. Specifically, a metanalysis including 1389 COVID-19 patients showed an
odds ratio (OR) as high as 3 to have severe COVID-19 in the patients with previous CKD [7].
Additionally, CKD patients often suffer from hypertension, diabetes, and heart disease, which
are consolidated risk factors for the deleterious progression of COVID-19 [5].

Generally, CKD patients present the same symptoms and signs of the general popula-
tion [8]. On the basis of literature reports, we reported in Table 1 symptoms and laboratory
features common in CKD patients with COVID-19 and their meaning in risk analysis for the
development of severe complications such as acute respiratory distress syndrome (ARDS)
and death.

Table 1. Significance of symptoms and signs of COronaVIrus Disease 19 (COVID-19) in chronic
kidney disease (CKD) patients [9].

Symptoms/Signs Increased Risk of ARDS Increased Risk of Death

Cough At onset ≈ At onset +

Fever At onset +++ At onset +++

Shortness of breath At onset +++ At onset ++

Gastrointestinal symptoms
nausea
vomiting
diarrhea

Not significant Not significant

Pharyngitis Not significant Not significant

Shortness of breath Not significant Not significant

Myalgia At onset ++ Not significant

Blood examination Not significant Not significant

Lymphocytes decrease Not significant Not significant

Platelets decrease Not significant Not significant

C-RP increase >50 mg/L + >50 mg/L ++

AST/ALT increase >50 U/L + Not significant

LDH increase Not significant Not significant

Infiltrates at the chest X-ray At onset + Pneumonia ++
Footnotes: ARDS: acute respiratory distress syndrome, C-RP: C-reactive protein, AST: aspartate aminotransferase,
ALT: alanine aminotransferase, LDH: lactate dehydrogenase, ≈: uncertain meaning, +: low risk, ++: average risk,
+++: high risk.

Furthermore, the same considerations are substantially valid in kidney transplant
patients, in whom the most common symptoms of COVID-19 onset were fever and dyspnea,
followed by diarrhea and myalgia [10]. Specifically, in this class of patients, the mortality
rate seems to be influenced by the age (OR 1.07), the respiratory rate at presentation
>20 breaths/min (OR 6.88), and the kidney function evaluated by estimated Glomerular
Filtrate Rate (OR 0.96).

The early phase presentation is not specific to COVID-19, making it difficult to recognize
the exordia of disease and prevent diffusion and severe complications. Accordingly, nephrol-
ogy and dialysis units adopted special programs to individualize potential COVID-19 patients.

124



J. Clin. Med. 2021, 10, 1139

At every dialysis session or nephrology consult before the facility access, healthcare workers
provide a simple triage, evaluating the presence of symptoms and detecting the presence of
high temperature and lower O2 saturation [11,12]. In doubtful cases, patients are tested for
SARS-CoV-2 and start quarantine until exclusion or confirmation of COVID-19 diagnosis. In
COVID-19 diagnosis, CKD patients should be ideally transferred to a designated hospital
or ward for COVID-19 patients if they need hospitalization. The in-hospital patients who
require renal replacement therapy should be treated in an isolation room, and their healthcare
workers should wear personal protective equipment (such as KF94 or N95 masks, gloves,
goggles, or face shield, level D gown) when performing dialysis [13].

All previous procedures try to limit diffusion in the nephrology and dialysis unit.
COVID-19 diffusion control shows its weakness in transmitting SARS-CoV-2 by asymp-
tomatic people to fragile subjects in the general population [14] and potentially can affect
CKD patients. However, the transmission by asymptomatic people seems to have a doubt-
ful impact on dialysis patients as suggested by a Lombard study. This study showed
a similar positive rate in real-time reverse transcription-polymerase chain reaction (rRT-
PCR) in the hemodialysis unit where all patients were screened and in units where only
symptomatic patients were screened [9]. This phenomenon could have more than an
explanation if, on the one hand, hemodialysis patients could be higher susceptible to severe
complications in most of the cases.

On the other hand, the rRT-PCR screening test could be less sensitive in asymptomatic
patients with lower viral load. In any case, transmission by asymptomatic people seems to
be a reasonable problem and limits our ability to prevent COVID-19 diffusion. Therefore,
we can only take prophylactic measures such as: educating patients and healthcare workers
about the personal protective dispositive (e.g., masks, and gloves) and social distance;
preparing appropriate waiting rooms or resting areas; providing surgical masks and hand
disinfection before entering the Hemodialysis (HD) unit [15–17].

In a recent survey promoted by the Società Italiana Nefrologia (SIN) [18] on 358 cen-
ters, the authors reported a prevalence of COVD-19 equal to 3.41%, 1.36%, and 0.87%
in hemodialysis, peritoneal dialysis, and kidney transplant patients, respectively. Un-
fortunately, only 15% of centers performed at least one screening test on all patients.
Furthermore, the authors reported a high death rate in CKD patients with SARS-CoV-2
infection: 49% of mortality in peritoneal dialysis patients, 37% of death in hemodialysis
patients, and 25% in kidney transplant patients. On the basis of this preliminary report,
in Italy, we see that the diffusion of COVID-19 in CKD patients seems higher than in the
general population (as reported by the last updating of Istituto Superiore di Sanità (ISS),
the rate of patients positive for SARS-CoV-2 was about 0.362% [218, 268/60, 317,000]).
Furthermore, the crude mortality rate in CKD patients with COVID-19 is higher than in the
general population, estimated in the same period by the last ISS report, at around 13.9% (30,
395/218, 268). The differences between CKD patients and the general population confirm
our patients’ fragility in terms of comorbidities and suggest a higher risk in the people who
need frequent access to hospital facilities.

Furthermore, the Registry of the Spanish Society of Nephrology [8] confirms the same
trend in COVID-19 dialysis and kidney transplant patients with a high rate of mortality
(about 23%) and a high need for hospital admission (about 85%).

Finally, in a multicenter Turkish study on 1210 subjects, dialysis need, kidney trans-
plant, and stage III-V CKD severely impacted on the patient prognosis, resulting in a higher
rate of severe COVID-19 (25.4%, 21%, and 39.4%, respectively), and increased mortality
(16.2%, 11.1%, and 28.4%, respectively) compared to the patients without kidney disease,
for whom severe COVID-19 had a rate of about 8% and mortality of around 4% [19].

On the basis of previous considerations, we cannot consider the standard balance
between the risk and the benefit enough for every procedure during the COVID-19 pan-
demic. Nephrologists have to know SARS-CoV-2 screening tests and their ability to predict
COVID-19 to take adequate prophylactic measures to benefit each patient while consider-
ing the real risk. Specifically, SARS-CoV-2 screening test accuracy should be considered in
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patients who wait for a kidney transplant for the need to assess the balance between the
risk and the benefit of the procedure in little time [20].

3. SARS-CoV-2 and Screening Test

3.1. SARS-CoV-2 Structure

SARS-CoV-2 is an RNA single-stranded virus belonging to the family of Coronaviridae,
which is divided into four subfamilies: alfa, beta, gamma, and delta. SARS-CoV-2 belongs
to beta-coronaviruses and shares at least 50% of its genome with other beta-coronaviruses
SARS-CoV and Middle East respiratory syndrome coronavirus (MERS-CoV) members.
During replication, SARS-CoV-2 produces 16 non-structural proteins and 6-9 structural
and accessory proteins, such as spike (S), envelope (E), membrane (M), and nucleocapsid
(N) [21]. Each protein is encoded by a corresponding gene, targeted as N, E, S, and RNA-
dependent RNA polymerase (RdRp) genes. Figure 1 reports the SARS-CoV-2 structure and
RNA sequences.

Figure 1. Schematic representation of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) structure and genomic.

3.2. Screening Test Methods

Currently, the diagnosis of COVID-19 is confirmed by nucleic acid amplification tests
(NAAT), such as real-time reverse transcription polymerase chain reaction (rRT-PCR) on
the respiratory tract specimens [22].

After the extraction of RNA, rRT-PCR consists of a three-step procedure:

- Reverse transcription: a process where the enzyme reverse transcriptase converts
RNA into complementary DNA (cDNA), which is suitable for PCR.

- Amplification of cDNA target sequences, which requires the presence of a polymerase
enzyme and primer. The polymerase amplifies the cDNA sequence, while the primer
identifies the specific sequences to amplify.

Detection, involves fluorescently labelling DNA oligonucleotides, which bind the
primer and give a fluorescent signal at each amplification cycle. The fluorescence signal
increases as more copies of DNA are produced; when the fluorescence arises to a certain
threshold, the test is considered positive.

The World Health Organization (WHO) recommended E, N, and RdRp genes as
molecular targets for first-line screening, as well as confirmatory tests on a nasopharyngeal
or oropharyngeal swab, and on lower respiratory specimens (such as sputum, endotra-
cheal aspirate, and bronchoalveolar lavage). Furthermore, at the website www.who.int/
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emergencies/diseases/novel-coronavirus-2019/technical-guidance/laboratory-guidance
published at 11 September 2020, accessed on 22 January 2021, the WHO provides technical
guidance about the over 250 kits disposable on the market. Generally, the commercial kits
detect the presence of two or three viral sequences. In the first case, identifying one gene
is used as a screening test, while that of the second gene is used as a confirmatory test.
In the latter case, a screening test is considered positive only when all genes are detected.
Specifically, WHO suggested PCR amplification of the viral E gene as a screening test and
amplification of the RdRp region of the orf1b gene as a confirmatory test. Afterwards, on
12 March 2020, the European Centre for Disease Prevention and Control (ECDC) specified
no absolute need for a confirmatory test. Specifically, in lower transmission countries, a
confirmatory test is always required. In contrast, in the countries with high transmission,
a confirmatory test’s performance is only required when the first result is technically not
interpretable, or the RT-PCR cycle threshold value is above 35 [23].

3.3. Screening Test Accuracy

Despite the gold standard’s endorsement, rRT-PCR is not flawless, and it has shown
accuracy problems, which can lead to underrating SARS-CoV-2 infection.

The COVID-19 pandemic is supposed to be a high-prevalence disease with serious
consequences for the patients. In this scenario, a screening test should have high sensitivity
with a lower false-negative rate. Precisely, a higher rate of false negatives limits the ability
of screening tests to recognize the patients with COVID-19 and consequently increases the
likelihood to delay the medical care of COVID-19 patients. This aspect is dangerous for
CKD patients, who showed high susceptibility to develop serious consequences after SARS-
CoV-2 infection. Additionally, a high rate of false negatives is critical during a pandemic
because it does not allow one to follow the recommendations to limit the diffusion in the
community without extra cost for the health system. Specifically, in CKD patients, a high
false-negative rate increases the risk of dissemination in the hospital facility.

Unfortunately, rRT-PCR’s sensitivity rate was estimated to be around 66–80% [24] in
a Chinese study of 1014 patients. On the basis of this report, we see that the accuracy of
the rRT-PCR test in the diagnosis of COVID-19 seems to be weak and related to different
types of issues. In an exciting review by Lippi et al. [25], the authors reported the two
kinds of laboratory problems: preanalytical (such as inadequate procedures for collection,
handling, transport and storage, collection of inappropriate or unsuitable material, presence
of interfering substances) and analytical (such as testing outside the diagnostic window,
active viral recombination, use of inadequately validated assays, insufficient harmonization,
and instrument malfunctioning). All these procedural matters result in a high risk of a
false-negative test.

Furthermore, the commercially available diagnostics kits in rRT-PCR have different
characteristics, mainly due to the viral region investigated and the limit of detection (LoD).
Noticeably, the higher the LoD, the more risk of false negatives. In Table 2, we present the
characteristics of some of the kits mainly used in Italy. Finally, when the clinical picture is
strongly suspected for COVID-19 infection, and the swab is repeatedly negative [26,27], and
it may be appropriate to carry out a serological investigation to search for IgM and IgG [26].

Finally, we want to highlight how not only the rate of false negatives but also the
rate of false positive results negatively influences the management of vulnerable patients.
In the first case, as we emphasized in the previous paragraph, there is a high likelihood
of contagious between the patients with potentially devastating consequences for the
relatively small CKD communities (patients, health workers, and support personnel).
Conversely, in the case of false positive tests, there is a waste of resources for the surveillance
and the management of standard care, as well as concomitant psycho-physical stress in
patients that is highly proven by their basal health conditions.
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Table 2. Commercially available diagnostics kits mainly used in Italy in real-time reverse transcription polymerase chain
reaction (rRT-PCR) with gene target and limit of detection.

Company
(Assay Name)

Gene Target LoD Specimen Types Approval

Abbott Diagnostics (ID
NOW COVID-19)

RdRp 125 copies/mL Nasal, throat, NPS FDA (US)

Abbott Molecular
(Abbott RealTime

SARS-CoV-2 EUA Test)
RdRp, N 100 virus copies/mL

NPS, OPS, nasal swab,
BAL

FDA (US)
CE-IVD

Cepheid (Xpert Xpress
SARS CoV-2)

N2, E 250 copies/mL
NPS, OPS, nasal,

mid-turbinate swab,
nasal wash/aspirate

FDA (US), Health Canada,
Australia, Singapore,

Philippines, Brazil

DiaSorin Molecular
(LIAISON MDX)

ORF1ab, S gene
NPS: 500 copies/mL,

Nasal swab: 242
copies/mL

Nasal swab, NPS, nasal
wash/aspirate, BAL

CE-IVD

Tib Molbiol (Modular
DX kit SARS-CoV-2)

E 1–10 copies/reaction OPS, NPS RUO (research use only)

Roche Molecular
System (Cobas 6800

SARS-CoV-2)
ORF-1a/b, E

1000 RNA genome
equivalents/mL

NPS, OPS US-FDA, CE-IVD

Seegene (Allplex
2019-nCoV Assay)

RdRp, N, E 100 RNA copies/rxn
NPS, NPA, OPS,

sputum, BAL
Korea (Korea CDC),

US-FDA, CE-IVD

bioMerieux (ARGENE
SARS-CoV-2 R-GENE)

RdRp, N, E
380 genomic
copies/mL

NPS RUO (research use only)

Legend: LoD: limit of detection, RnRp: RNA-dependent RNA polymerase, N: nucleocapsid, E: envelope, ORF: open reading frame,
EUA: Emergency Use Authorization, BAL: bronchoalveolar lavage, NPA: nasopharyngeal aspirate, NPS: nasopharyngeal swab, OPS:
oropharyngeal swab, FDA: Food and Drug Administration, CE-IVD: European Conformity In-Vitro Diagnostic, CDC: Centers for Disease
Prevention and Control.

3.4. Specimen Type

Between the preanalytical issues, the most debated argument is the type of specimen.
One of the first reports about COVID-19 described a significant difference in the screening
test’s sensibility related to the kind of specimen [28]. Specifically, bronchoalveolar lavage fluid
seemed to have the best accuracy with a rate of positive equal to 93%, sputum with a rate of
72%, nasal swabs with a rate of 63%, and finally pharyngeal swabs with a rate of 32%.

It seems accepted that the specimen derived from the upper respiratory tract shows
its weakness compared with the low respiratory tract, especially during the symptomatic
phase. Nasopharyngeal swab seems more suitable than oropharyngeal swab, which ap-
pears to have a higher rate of false negatives, as reported by Wang et al. in a comparative
study on about 350 patients [29] and by Mohammadi in a recent meta-analysis [30]. Further-
more, saliva (a clear, slightly alkaline liquid secreted into the mouth by the salivary glands
and mucous glands) seems to have the same reliability as nasopharyngeal swabs [31,32]
and better reliability of oropharyngeal swabs [33], and thus it should be considered as
an alternative specimen in the diagnosis of COVID-19 in symptomatic patients. Finally,
sputum sampling (fluid coughed up and expectorated from the mouth, composed of saliva
and discharges from the respiratory passages such as mucus and phlegm) seems to have
higher sensitivity to nasopharyngeal swab. Likely, if other studies support its better sensi-
tivity, in the future, we should consider the sputum as a preferred specimen in diagnosing
and monitoring COVID-19 [30].

Furthermore, over the types of specimen, we have to consider the timing of collection.
In the week before symptom onset, the viral load could be very low and likely inadequate
for the detection by rRT-PCR. Consequently, in this phase of COVID-19, the screening test
could have a high likelihood to have false-negative results [34]. As reported, the higher
viral loads are detected soon after symptom onset [30] and can persist in throat swabs
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for more than 30 days [35,36]. The specimens’ types show different accuracy profiling in
various phases of COVID-19, likely related to viral load, suggesting the preferable kind of
sample and operative conditions, as reported in Table 3.

Table 3. COVID-19 disease phase and sample site recommendation.

Sample Sites Asymptomatic Phase
Onset of the

Symptomatic Phase
Symptomatic Phase Convalescence Phase

Naso-pharyngeal
swabs

Unclear
Highly recommended

Detection rate: 80%
Recommended

Detection rate: 59%
Recommended

Detection rate: 36%

Oro-pharyngeal swabs Unclear
Highly recommended

Detection rate: 75%
Not recommended
Detection rate: 35%

Not recommended
Detection rate: 12%

Saliva collection Unclear
Highly recommended
Detection rate: 82.2%

Unclear Unclear

Sputum collection Unclear
Highly recommended

Detection rate: 98%
Highly recommended

Detection rate: 69%
Not recommended
Detection rate: 46%

Bronco-alveolar lavage
Unclear/not
recommend

Unclear/not
recommended

Highly recommended
in intubated patients
Detection rate: 94%

Not recommend

Fecal/anal swabs Not recommend
Not recommended
Detection rate: 48%

Not recommended
Recommended

Detection rate: 73%

Consequently, we have to prefer upper respiratory tract specimens in the incubation
period, such as nasopharyngeal swabs saliva/sputum collection. While in the symptomatic
period, we have to choose the lower respiratory tract specimens (such as bronchoalveolar
lavage fluid) in critical patients who require intubation. Finally, during convalescence, we
suggest adding fecal/anal swab to the standard nasopharyngeal swab [37].

3.5. Statistical Insight on Screening Test

In general, any test has different performances in different settings or applications.
In the COVID-19 screening test case, different disease prevalence can lead to surprisingly
different interpretations of tests, even with the same value of sensitivity and specificity.
Table A1 reports in synthesis the common statistical knowledge and calculations about test
performance evaluation. Positive and negative predictivity value has a key role in interpreting
a single test result in a clinical setting because it suggests to a physician whether the test
results are trustable. In other words, positive predictive value (PPV) offers the probability
of having an ill patient when the result of the test is positive, and negative predictive value
(NPV) tells of the probability of having healthy patients when the result is negative.

Specifically, in the COVID-19 pandemic, we observed a different prevalence of the
disease in the same population, likely related to the seasonal period and the use of adequate
prophylactic measures, which have an obvious impact on the interpretation of the screening
test for vulnerable patients, such as CKD patients. Unfortunately, it is not always simple
to individualize the real prevalence in different areas considering the variable rate of
asymptomatic people, the number of screened people, and the frequency of the screening.
Despite these considerations, we suggest optimizing the available information such as the
number of COVID-19 patients in the local hospitals, as well as the local reports by the
authorities to understand the trend in COVID-19 diffusion.

Tables A2–A5 and Figure 2 report some examples relative to the accuracy of the
screening tests for COVID-19, which only have an explicative role. The reported examples
are extrapolated from the sensibility and specificity described in some studies [24,27] and
show how COVID-19 prevalence and the value of sensitivity and specificity can impact the
test’s interpretation. Unfortunately, nasopharyngeal swabs’ real sensitivity and specificity
are only partially known with a value of sensibility of 66–80% and specificity of 90–95%.
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Figure 2. Graphic representation of positive predictive value (PPV) and negative predictive value
(NPV) variations with different percentage disease prevalence (X-axis, from 1 to 15%), sensibility
variation from 40 to 90%, and fixed specificity at 95%. a: true positive, b: false positive, c: false
negative, d: true negative. (a) PPV values show an increase with increasing disease prevalence.
(b) NPV values are instead decreasing with disease prevalence increase.
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In high prevalence conditions, and optimal sensitivity and specificity of nasopharyn-
geal swab, a single result gives high values of predictivity, both positive and negative.
However, in a low prevalence situation, the same test with the same sensitivity and speci-
ficity gives significantly lower positive predictive values. If we consider oropharyngeal
swabs, that show low sensitivity and good specificity, resulting in a poor positive predic-
tive value (largely not useful for screening purposes) and good negative predicted value.
Specifically, we have worse PPV and better NPV in a low prevalence situation.

4. Conclusions

COVID-19 has been shown to be very risky in CKD patients in terms of the devel-
opment of serious consequences, such as acute respiratory distress syndrome and death.
During the COVID-19 pandemic, the screening test for SARS-CoV-2 is considered the gold
standard for the diagnosis. Unfortunately, different issues such as the sensibility/specificity
of the single test, the period of performing, the type of specimen, and the prevalence of
disease could strongly impact on the interpretation of the test and its reliability. In order
to reduce the contagious between the patients, nephrologists have to carefully manage
the results of the screening test for SARS-CoV-2, considering the suboptimal sensitivity of
the test and the relevant likelihood of false-negative results. In this scenario, promoting
extensive use of protective measures (such as the personal protective dispositive, social
distance, and a limitation of simultaneous access to nephrology facilities) seems a reason-
able approach. When possible, considering the local resources, intensifying the number of
samples for each patient could be theoretically recommended to overcome the accuracy
issue of the screening test. Finally, we suggest considering the anal swab to readmit CKD
patients who have SARS-CoV-2 infection to the hospital facilities.
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Appendix A.

Appendix A.1. Insight Box 1

Table A1. Definitions and calculation details about the evaluation of tests performances.

Disease

Test

Present Absent

positive a b a+b

negative c d c+d

a+c b+d N
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Definitions:
Sensitivity is the ability to designate a subject with the disease as positive correctly ->

a/a+c.
Specificity is the ability to designate a healthy subject as negative correctly -> d/b+d.
Positive predictive value (PPV) is the probability that a subject with a positive test

has the disease -> a/a+b. PPV is mostly useful in a clinical setting because it predicts the
disease’s likelihood when the test is positive.

Negative predictive value (NPV) is the probability that the subject has no disease
given a negative test result -> d/c+d. PPV is mostly useful in a clinical setting because it
predicts the likelihood to be healthy in a patient with the test is negative.

False-negative is the proportion of ill subjects who are misclassified as healthy by test
-> c.

False-positive is the proportion of healthy subject who are misclassified as ill by test
-> b.

Accuracy is the proportion of true results, either true positive or true negative, in
a population. It measures the degree of veracity of a diagnostic test on a condition. ->
a+d/N.

Prevalence is the proportion of subjects who have a disease in a population and
represents the a priori probability of selecting a person with a disease in the population
randomly understudy -> a+c/N. PPV and NPV depend on the disease’s prevalence, while
Sensitivity and Specificity are intrinsic characteristics of the test.

A screening test is a medical test to assess the likelihood of having a particular disease,
and its principal aim is to detect potential disease indicators. Consequently, it should have the
high sensibility and lower false negative. While the purpose of a diagnostic test is to establish
the presence (or absence) of disease as a basis for treatment decisions in symptomatic or
screen-positive individuals, it should have high specificity and a lower rate of false positive.

Appendix A.2. Insight Box 2: Tests Performance Examples in Different Scenarios of COVID-19
Pandemic

Table A2. Prevalence of COVID-19 equal to 9.5% with sensibility equal 84.2% and specificity equal
98.9%.

Covid-19

Saliva

Present Absent

positive 16 2 18

negative 30 179 182

19 181 200
The numbers reported are based on the sensibility, and specificity reported by Pasomsub et al. [32]. PPV = 16/18
= 88.9% -> means when the test is positive; the likelihood to have a COVID-19 patient is 88.9%. NPV = 179/182 =
98.4% -> means when the test is negative; the likelihood to have a NO COVID-19 patient is 98.4%.

Table A3. Prevalence of COVID-19 equal to 0.36% with sensibility equal 84.2% and specificity equal
98.9%.

Covid-19

Saliva

Present Absent

positive 60 22 82

negative 12 1906 1918

72 1928 2000
The numbers reported are based on the sensibility and specificity reported by Pasomsub et al [32]. PPV=60/82=73.2%
-> means when the test is positive; the likelihood to have a COVID-19 patient is 73.2%. NPV= 1906/1918= 99.4% ->
means when the test is negative, the likelihood to have a NO COVID-19 patient is 99.4%.
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Table A4. Prevalence of COVID-19 equal to 9.5% with sensibility equal 27% and specificity equal
84.9%.

Covid-19

Oro-pharyngeal
swabs

Present Absent

positive 5 27 32

negative 14 154 168

19 181 200
The numbers reported are based on the sensibility and specificity reported by Wang et al [29]. PPV = 5/32 = 15.6%
-> means when the test is positive; the likelihood to have a COVID-19 patient is 15.6%. NPV = 154/168 = 91.7% ->
means when the test is negative; the likelihood to have a NO COVID-19 patient is 91.7%.

Table A5. Prevalence of COVID-19 equal to 0.36% with sensibility equal 27% and specificity equal
84.9%.

Covid-19

Oro-pharyngeal
swabs

Present Absent

positive 19 292 311

negative 53 1636 1689

72 1928 2000
The numbers reported are based on the sensibility and specificity reported by Wang et al [29]. PPV = 19/311 =
6.1% -> means when my test is positive the likelihood to have a COVID-19 patient is 6.1%. NPV = 1636/1689 =
96.9% -> means when my test is negative the likelihood to have a NO COVID-19 patient is 96.9%.

The previous tables are extracted from a study published, which reported sensitivity and
specificity of saliva and oropharyngeal swab considering as reference nasopharyngeal swab,
but unfortunately the real sensitivity and specificity of nasopharyngeal swabs remain uncertain.
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Abstract: Background: Daily management to shield chronic dialysis patients from SARS-CoV-2 con-
tamination makes patient care cumbersome. There are no screening methods to date and a molecular
biology platform is essential to perform RT-PCR for SARS-CoV-2; however, accessibility remains
poor. Our goal was to assess whether the tools routinely used to monitor our hemodialysis patients
could represent reliable and quickly accessible diagnostic indicators to improve the management of
our hemodialysis patients in this pandemic environment. Methods: In this prospective observational
diagnostic study, we recruited patients from La Conception hospital. Patients were eligible for
inclusion if suspected of SARS-CoV-2 infection when arriving at our center for a dialysis session
between March 12th and April 24th 2020. They were included if both RT-PCR result for SARS-CoV-2
and cell blood count on the day that infection was suspected were available. We calculated the
area under the curve (AUC) of the receiver operating characteristic curve. Results: 37 patients were
included in the final analysis, of which 16 (43.2%) were COVID-19 positive. For the day of suspected
COVID-19, total leukocytes were significantly lower in the COVID-19 positive group (4.1 vs. 7.4 G/L,
p = 0.0072) and were characterized by lower neutrophils (2.7 vs. 5.1 G/L, p = 0.021) and eosinophils
(0.01 vs. 0.15 G/L, p = 0.0003). Eosinophil count below 0.045 G/L identified SARS-CoV-2 infection
with AUC of 0.9 [95% CI 0.81—1] (p < 0.0001), sensitivity of 82%, specificity of 86%, a positive
predictive value of 82%, a negative predictive value of 86% and a likelihood ratio of 6.04. Conclusions:
Eosinophil count enables rapid routine screening of symptomatic chronic hemodialysis patients
suspected of being COVID-19 within a range of low or high probability.

Keywords: hemodialysis; COVID-19; eosinophil

1. Introduction

Severe Acute Respiratory Syndrome related-Coronavirus 2 (SARS-CoV-2) infection,
also called Coronavirus Disease-19 (COVID-19) is a viral infection caused by a ribonucleic
acid (RNA) virus of the coronavirus family. Since it was first described in Wuhan, China,
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this disease has become a global pandemic, and by April 29th 2020 more than three million
people had been infected and more than 200,000 had died.

Chronic dialysis patients are a vulnerable group at high risk of SARS-CoV-2 contam-
ination with at least one comorbidity–such as hypertension, being elderly and diabetes–
associated with COVID-19 mortality [1,2]. First, dialysis patients are overexposed to the
risk of disease transmission for logistical reasons (regular presence at health care facilities,
repeated trips by ambulance or taxi and physical proximity of patients during hemodialy-
sis) and have difficulties with respect to social distancing. Second, it is essential to be able
to quickly diagnose affected dialysis patients in order to prevent the spread of the disease
within the ward and to protect the dialysis population in each center. The workflow of
chronic dialysis patients can be quickly stretched in the context of COVID-19. The imple-
mentation of a clinical triage of patients upon their arrival in the dialysis center makes it
possible to identify patients suspected of infection. Dialysis centers have therefore set up
COVID-19 isolation zones to limit the risk of transmission to non-suspect patients while
waiting for real-time reverse-transcriptase polymerase chain reaction (RT-PCR) results.
Each suspension creates stress and puts a strain on the organization of the dialysis center
waiting the final diagnosis [3,4].

Diagnosis is based on nasopharyngeal real-time RT-PCR, for which the feasibility and
timeliness depend on the capacities of each center. In any case, however, this procedure
does not permit classification of the patient as COVID-19 positive or negative in less than
4 h in addition with the risk of false negative [5]. Chest computed tomography (CT) scans
can screen for low or high suspicion of COVID-19 but these are not available at all dialysis
centers [6]. Some biological parameters, such as ferritin, lymphocyte and eosinophil count,
have been studied for screening the patient for a low or high suspicion of COVID-19 but no
studies have been conducted in dialysis patients to date [7]. Patients undergoing dialysis
receive a weekly or monthly schedule of biological monitoring [8]. The results of a blood
count and standard biochemical analyses are available in less than 2 h.

We hypothesize that anomalies in the biological report on the day of suspected COVID
infection, compared to the monthly report for a patient on their arrival in the dialysis center,
can be identified in order to quickly determine a low or high suspicion of COVID-19 in less
than 2 h.

2. Methods

2.1. Setting

In the context of the global pandemic of SARS-CoV-2, we have set up clinical screening
for SARS-CoV-2 infection when patients arrive at the dialysis center of the Hôpital de
la Conception, Assistance Publique–Hôpitaux de Marseille (APHM), Marseille, France.
We prospectively collected data from patients identified as suspects during this screening
between March 12th and April 24th 2020. The suspected cases were all tested for the SARS-
CoV-2 virus by nasopharyngeal real-time RT-PCR to determine whether they were COVID
positive or negative. Positive RT-PCR were confirmed twice times. Presence of one of the
following symptoms at arrival in the dialysis unit suggested SARS-CoV-2 infection: fever,
cough, dyspnea, rhinorrhea, headache, asthenia, anosmia, ageusia, diarrhea, nausea and/or
vomiting, myalgia, confusion. The data included in this study was anonymized, approved
according to General Data Protection Regulation and registered at the Health Data Portal
and Data Protection Commission of APHM under the references PADS-20-154 and 2020-58.
The patients were provided with oral information about this study.

2.2. Participants

The inclusion criteria in the study were: nasopharyngeal real-time RT-PCR assay for
SARS-CoV-2 infection and complete blood count (CBC) on the same day. The exclusions
criteria were: age < 18 years, patients under corticosteroid treatment, chemotherapy
within the last three months, recent acute stress (severe trauma, major surgery, epileptic
seizure, myocardial infarction in the previous month) and active hematological disease.
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Patients who did not have a CBC on the previous routine monthly workup or whose initial
nasopharyngeal real-time RT-PCR had not been analyzed at the APHM laboratory were
excluded. The COVID-19 patients have been reported in another accepted publication [9].

2.3. Data Source/Measurement

2.3.1. Epidemiological and Clinical Data

From electronic medical records we collected the following data: demographic, clinical,
laboratory results, nucleic acid test results. Baseline patient characteristics were collected
from electronic medical records: age, gender, body mass index (BMI), comorbidities (initial
nephropathy, vascular access, history of immunosuppression or kidney transplantation,
heart failure, coronaropathy, peripheral artery disease, arrhythmia, chronic respiratory
disease, diabetes, cancers, hypertension and smoking) and their significant treatments such
as angiotensin-converting enzyme inhibitors (ACEI), angiotensin receptor blockers (ARB),
vitamin K antagonist, calcium channel blockers, beta blockers, aspirin, clopidogrel, statins,
non-steroidal anti-inflammatory drugs (NSAIDs), iron supplementation and erythropoietin
in dialysis.

2.3.2. Laboratory Procedures

Methods for laboratory confirmation of SARS-CoV-2 infection: one virology laboratory
was responsible for SARS-CoV-2 detection in respiratory specimens using real-time RT-
PCR methods. Throat-swab specimens were obtained for SARS-CoV-2 RT-PCR in the
dialysis unit. The system targeted the envelope protein (E)-encoding gene, as described
previously [10]. RT-PCR was considered negative over a 34-cycle threshold (CT) value.

Routine blood examinations were CBC by an automated cell counter and serum
biochemical tests (electrolyte, albuminemia, C-reactive protein [CRP]). We collected the
routine monthly blood test monitoring (CBC, electrolyte, albuminemia, CRP) (results from
March) for hemodialysis patients.

2.3.3. Statistical Analysis

Continuous and categorical variables were presented as median (interquartile range
[IQR]) and n (%), respectively. Sensitivity and specificity, as well as positive and negative
predictive values, were calculated.

We used the Mann–Whitney U test, χ2 test, or Fisher’s exact test to compare differences
between negative and positive COVID-19 where appropriate. All tests were two-tailed.

Unconditional logistic regression analysis was used to determine whether each vari-
able was an independent factor in COVID-19 diagnosis. Covariates for the multivariate
logistic regression analysis were selected based on a p-value < 0.05 in a univariate analysis.
Variables were considered significant if p < 0.05, and the results are presented as odds ratio
with 95% confidence intervals (CIs). Diagnostic accuracy for COVID-19 was assessed using
the receiver operating characteristic area under curve (ROC AUC). Cut-off values showing
the greatest accuracy were determined using sensitivity/specificity. All statistical analyses
performed with the Prism 8 (GraphPad Software Inc., La Jolla, CA, USA).

3. Results

3.1. Patient Characteristics

60 patients were tested for SARS-CoV-2 RNA detection by nasopharyngeal swab at
the Hôpital de la Conception, APHM. After excluding 23 patients according to the non-
inclusion criteria, 37 were included in the final analysis (flowchart, Figure 1). Among the
37 patients included, 39 real-time RT-PCR tests were performed (2 patients were screened
twice) with a peak at week 3 (Figure 2). 21 patients were negative for the SARS-CoV-2
RT-PCR and 16 were positive (Table 1). 22 RT-PCR were negative and 17 were positive.
The median age was 72 years (IQR 54.5–79), with a median BMI of 23.3 kg/m2, and most
of the patients were male (Table 1). Hypertension was the most represented comorbidity
(86.5%), followed by atrial fibrillation (32.4%) and diabetes (30.6%) and only 4 patients had
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chronic respiratory disease (10.8%) (Table 1). Antihypertensive treatments, particularly
ACEI and ARB, are detailed in Table 1. At baseline, corresponding to the March blood
sample, patients had normal white blood cell count, and none of these clinical or biological
data differed between the COVID-19 positive or negative patient groups (Table 1).

Figure 1. Flowchart. IHU, Institut Hospitalo-universitaire-Méditerranée Infection; RT-PCR, reverse-
transcriptase polymerase chain reaction.

Figure 2. Evolution of the number of reverse-transcriptase polymerase chain reaction (RT-PCRs)
testing for SARS-CoV-2 performed between March 12 and April 24 2020. The blue line represents the
evolution of the number of RT-PCR performed between week 1 and 8. The red line represents the
evolution of the number of positive RT-PCR sent during week 1 and 8.

The day of suspected COVID-19, total leukocytes were significantly lower in the
COVID-19 positive group (4.1 vs. 7.4 G/L p = 0.0072). The white blood cell count was char-
acterized by lower neutrophils (2.7 vs. 5.1 G/L, p = 0.021) and eosinophils (0.01 vs. 0.15 G/L,
p = 0.0003). The remaining biological variables were not significantly different (Table 2).
Compared to their baseline biological status, neutrophils from the COVID-19 negative
group increased significantly the day of the COVID-19 suspicion (3.6 vs. 5.1 G/L, p = 0.008).
For the COVID-19 positive group, lymphocytes (1.2 vs. 0.8 G/L, p = 0.001) and eosinophils
decreased significantly (0.18 vs. 0.01 G/L, p < 0.0001). In both groups, we observed an
increase in CRP (6.2 vs. 13, p = 0.02; 2.3 vs. 34.2, p = 0.001) (Table 3).
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Table 1. Patients baseline characteristics.

Variable a Total n = 37 Negative COVID n = 21 Positive COVID n = 16 p Value

Male 24 (64.9) 12 (57.2) 12 (75) 0.31
Age (years) 72 (54.5–79) 72 (48–83.5) 71 (55–80.9) 0.79
Weight (kg) 63.5 (57.5–70.6) 64.5 (58–69.3) 63.5 (55.6–81.8) 0.32

BMI (kg/m2) 23.3 (20.6–24.6) 23.7 (20.8–24.5) 23.3 (19.8–25.7) 0.92

Nephropathy: -
Glomerular 11 (29.7) 5 (23.8) 6 (37.5)

Vascular 8 (21.6) 5 (23.8) 3 (18.6)
Tubular 8 (21.6) 7 (33.3) 1 (6.3)
Genetic 2 (5.5) 1 (4.8) 1 (6.3)

Not determined 8 (21.6) 3 (14.3) 5 (31.3)

Vascular access:
Fistula 26 (70.3) 15 (71.4) 11 (68.8) 1

Central catheter 11 (29.7) 6 (28.6) 5 (31.2)
Immunosuppression 11 (29.6) 7 (33.3) 4 (28.6) 1

History of graft kidney 7 (18.9) 4 (19.1) 3 (20) 1

Comorbidities
Hypertension 32 (86.5) 19 (90.5) 13 (81.3) 0.63

Congestive heart failure 6 (12.5) 4 (19.5) 2 (12.5) 0.68
Coronary heart disease 7 (18.9) 2 (9.5) 5 (31.2) 0.2

Peripheral vascular disease 7 (18.9) 3 (14.3) 4 (25) 0.44
Cardiac arrhythmia 12 (32.4) 8 (40) 4 (25) 0.48

Chronic respiratory disease 4 (10.8) 3 (14.3) 1 (6.3) 0.62
Diabetes 11 (30.6) 7 (35) 4 (25) 0.72
Cancer 4 (10.8) 1 (4.8) 3 (18.8) 0.3
Smoker 5 (13.9) 4 (19.5) 1 (6.3) 0.35

Medication:
ACE inhibitors 6 (16.2) 2 (9.5) 4 (25) 0.17

ARBs 5 (13.5) 3 (14.3) 2 (12.5) 1
Beta blocker 12 (32.4) 6 (28.6) 6 (37.5) 0.73

Calcium channel blockers 10 (27.0) 6 (28.6) 4 (25) 1
Diuretic 1 (2.7) 0 1 (6.3) 0.43
Aspirin 12 (32.4) 7 (33.3) 5 (31.3) 1

Clopidogrel 3 (8.1) 2 (9.5) 1 (6.3) 1
VK 9 (24.3) 6 (28.6) 3 (18.8) 0.7

Statin drug 5 (13.5) 1 (4.8) 4 (25) 0.14
Steroids 0 0 0 -

ASEs 27 (73) 17 (61.9) 10 (38.1) 0.38

March biological values
Leukocyte (G/L) 5.9 (4.6–6.5) 5.8 (4.6–7.9) 5.9 (4.7–6.2) 0.54
Neutrophil (G/L) 3.6 (2.8–4.6) 3.6 (3.1–5.3) 3.6 (2.4–4.2) 0.44

Lymphocyte (G/L) 1 (0.75–1.45) 1 (0.6–1.2) 1.2 (0.9–1.6) 0.16
Monocyte (G/L) 0.6 (0.4–0.8) 0.6 (0.45–0.9) 0.5 (0.4–0.7) 0.29
Eosinophil (G/L) 0.17 (0.01–0.33) 0.17 (0.1–0.3) 0.18 (0.11–0.35) 0.44

Platelet (G/L) 189 (143–249) 198 (149–258) 179 (138–235) 0.71
Hemoglobin (g/dL) 11.2 (10.4–11.6) 11.2 (10–11.6) 11.2 (10.6–11.8) 0.78

CRP (mg/L) 4.7 (1.35–8.45) 6.2 (2.8–9.9) 2.3 (0.7–38.8) 0.95
Albumin (g/L) 39.3 (37.2–42) 39 (37.2–42) 39.8 (37.2–42.3) 0.47

Potassium (mmol/L) 4.5 (4.1–5.3) 4.3 (4–5) 5.1 (4.1–5.7) 0.2
a For quantitative variables, values are expressed as median (interquartile range). For qualitative variables, values are expressed as n (%).
ACE, angiotensin-converting enzyme; ARBs, angiotensin-receptor blockers; ASEs, Erythropoiesis-stimulating agents; BMI, body mass
index; CRP, C-reactive protein; VK, vitamin K antagonist; -, No statistic test were performed.
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Table 2. Variables the day of COVID-19 suspicion.

Variables a Negative COVID Positive COVID p Value

Leukocyte (G/L) 7.4 (4.9–10.4) 4.1 (3.3–7.1) 0.0072

Neutrophil (G/L) 5.1 (3.3–8.1) 2.7 (2.2–5.6) 0.021

Lymphocyte (G/L) 0.85 (0.57–1.22) 0.8 (0.55–1.05) 0.29

Monocyte (G/L) 0.80 (0.47–0.92) 0.5 (0.3–0.8) 0.099

Eosinophil (G/L) 0.15 (0.06–0.43) 0.01 (0–0.04) 0.0003

Platelet (G/L) 201 (152–255) 162 (118–185) 0.077

Hemoglobin (g/dL) 11.1 (10.5–11.6) 11.2 (10.4–12.4) 0.81

CRP (mg/L) 13 (3.3–65.5) 34.2 (15.9–72.8) 0.57

Albumin (g/L) 40.5 (36.1–42.4) 37.6 (34.2–41.5) 0.24

Potassium (mmol/L) 4.6 (4.15–5.55) 4.8 (4.1–5.1) 0.32
a For quantitative variables, values are expressed as median (interquartile range). CRP, C-reactive protein.

Table 3. Biological comparison between March monitoring and the suspicion day.

Variable a

Negative RT-PCR

p Value

Positive RT-PCR

p ValueMonthly
Assessment

Suspicion
Day

Monthly
Assessment

Suspicion
Day

Leukocyte
(G/L)

5.8 (4.6–7.9)
7.4

(4.9–10.4)
0.09 5.9 (4.7–6.2)

4.1
(3.3–7.1)

0.16

Neutrophil
(G/L)

3.6 (3.1–5.3)
5.1

(3.3–8.1)
0.008 3.6 (2.4–4.2)

2.7
(2.2–5.6)

0.84

Lymphocyte
(G/L)

1 (0.6–1.2)
0.85

(0.57–1.22)
0.30 1.2 (0.9–1.6)

0.8
(0.55–1.05)

0.001

Monocyte
(G/L)

0.6 (0.45–0.9)
0.8

(0.47–0.92)
0.48 0.5 (0.4–0.7)

0.5
(0.3–0.8)

0.82

Eosinophil
(G/L)

0.17 (0.1–0.3)
0.15

(0.06–0.43)
0.23

0.18
(0.11–0.35)

0.01
(0–0.04)

<0.0001

Platelet
(G/L)

198 (149–258)
201

(152–255)
0.64

179
(138–235)

162
(118–185)

0.004

Hemoglobin
(g/dL)

11.2 (10–11.6)
11.1

(10.5–11.6)
0.24

11.2
(10.6–11.8)

11.2
(10.4–12.4)

0.71

CRP
(mg/L)

6.2 (2.8–9.9)
13

(3.3–65.5)
0.02 2.3 (0.7–38.8)

34.2
(15.9–72.8)

0.001

Albumin
(g/L)

39 (37.2–4)
40.5

(36.1–42.4)
0.38

39.8
(37.2–42.3)

37.6
(34.2–41.5)

0.07

Potassium
(mmol/L)

4.3 (4–5)
4.6

(4.15–5.6)
0.16 5.1 (4.1–5.7)

4.8
(4.1–5.1)

0.27

a For quantitative variables, values are expressed as median (interquartile range). CRP, C-reactive
protein; RT-PCR, reverse-transcriptase polymerase chain reaction.

3.2. Diagnostic Accuracy of Eosinopenia

Eosinopenia was observed in 14 out of 17 the SARS-CoV-2 RT-PCR positive group versus
3 out of 22 the SARS-CoV-2 RT-PCR negative group. ROC AUC for the detection of SARS-CoV-
2 was 0.9 (0.81–1) (p < 0.0001). The highest diagnostic accuracy was observed for eosinophil
count cut-off at 0.045 G/L. The eosinopenia diagnostic performance for SARS-CoV-2 infection
showed a sensitivity of 82%, specificity of 86%, a positive predictive value of 82%, a negative
predictive value of 0.86% and a likelihood ratio of 6.04 (Table 4 and Figures 3 and 4).

140



J. Clin. Med. 2021, 10, 4

Table 4. Diagnostic performance for eosinopenia and RT-PCR the day of suspicion.

Effect Size Value 95% CI

Sensitivity 0.82 0.59 to 0.94

Specificity 0.86 0.67 to 0.95

Positive Predictive Value 0.82 0.59 to 0.94

Negative Predictive Value 0.86 0.67 to 0.95

Likelihood Ratio 6.04

CI, confidence interval; RT-PCR, reverse-transcriptase polymerase chain reaction.

Figure 3. Comparison of the eosinophil level when performing a cell blood count on the day of
a COVID-19 suspicion. Values represented are median and IQR. Mann–Whitney test. RT-PCR,
reverse-transcriptase polymerase chain reaction; ****, represent p value < 0.0001.

Figure 4. Receiver operating characteristic (ROC) curve of eosinophil count showing specificity and
sensitivity for COVID-19 diagnosis. AUC, area under the ROC curve.

4. Discussion

This is the first study to show that development of eosinopenia can differentiate low
and high COVID-19 suspicion in chronic dialysis patients, with high diagnostic accuracy.
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Eosinophils are found predominantly in tissues, with a smaller fraction found in
circulation. The half-life of the eosinophil in the peripheral blood of normal individuals is
approximately 18 h, with an average blood transit time of around 26 h, similar to that of
neutrophils. Eosinophil is a cell that is principally present in extravascular sites in quanti-
ties several hundred times greater than those in peripheral blood. Circulating cells reflect
only those that transit between the blood marrow and their final extravascular functional
destination. During certain acute inflammatory or immune responses, a time lag between
the migration of circulating eosinophils to the tissue where the immune response takes
place and the induction of eosinophil synthesis and marrow emigration is observed [11].
This leads to the development of either eosinopenia or delayed blood eosinophilia, or both,
and may explain the presence of eosinopenia in patients with COVID-19 disease. Our re-
sults indicate that early development of eosinopenia could reflect a powerful acute inflam-
matory and immune response triggered by SARS-CoV-2 infection. The role of eosinopenia
in COVID-19 remains unclear and may be multifactorial. Whether the acquired eosinopenia
associated with COVID-19 directly contributes to the disease course or is a marker of severe
disease has not yet been determined. However, evaluation of the eosinophilic blood count
represents a useful tool to manage early SARS-CoV-2 suspicion for the dialysis patients
and in deciding to promptly isolate a patient from the other dialyzed patient in the center.

In this study, eosinophil count reliably discriminated between patients with and those
without COVID-19 with an AUC of 0.9 by using a cutoff of 0.045 G/L within 24 h of the
suspected diagnosis. The discrimination between low and high COVID-19 suspicion is
a challenge and clinically relevant. We have not tested the role of eosinopenia in com-
parison with influenzae in our cohort because we did not observe co-infection in our
center. This point has been studied by Andreozzi et al. in a letter to editor and raise the
point that complete eosinopenia is a common finding in both COVID-19 and Seasonal
Influenza infections. Eosinopenia is a potential biological indicator of either Influenza or
SARS-COV-2 infections. However, complete eosinopenia should raise the suspicion of a
COVID-19 infection outside of the flu season [12]. We believe that detection of eosinopenia
is of interest to detect more quickly COVID-19 infection and promptly isolated the patient
in the dialysis center. The ability to identify high COVID-19 suspicion with an inexpen-
sive, widely available, point-of-care test has important practical implications, particularly
in the efforts to screen hemodialysis patients during their thrice weekly management.
Interestingly, classical markers of inflammation such as CRP are not discriminating in
our population, as COVID negative patients were subject to an infectious process during
screening. In COVID-19 dialysis patients, we found a similar tendency to lymphopenia
and thrombocytopenia as in the general COVID-19 population [13]. In our study the onset
of lymphopenia is non-discriminatory, probably because this population is characterized
by acquired immune deficiencies secondary to the uremic stage. In contrast, we found no
tendency to hypokalemia in our COVID-19 dialysis patients, which can be partly explained
by end-stage renal disease.

Molecular biology and chest CT scans, if available, with subsequent results, take more
than 12 h for most chronic hemodialysis centers. In contrast, CBC is a routine procedure in
these centers. Results are obtained within one hour, allowing for the identification of low or
high suspicion soon after the arrival of the dialysis patient. In our study, more than 50% of
suspected patients included in the final analysis tested negative for COVID. The diagnostic
approach was based on the result of the SARS-CoV-2 real-time RT-PCR, where reporting
time did not permit ruling out or confirming the diagnosis of COVID-19 by the end of
the dialysis session. The presence of eosinopenia could thus make it possible to classify
patients as low or high suspicion and help the clinician to improve the diagnostic process.

Our study has a small sample size, which is its main limitation. We have deliberately
excluded patients with factors that might have interfered with eosinophil interpretation
and thus represent another limitation of our study. In addition, we benefited from pre-
pandemic biological characteristics, allowing us to show the development of eosinopenia
using the COVID-19 diagnostic. The diagnostic accuracy of our study needed to be
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externally validated in another data set of hemodialysis patient and represent a limitation
of the study.

These encouraging results lead us to believe that it is possible to carry out a systematic
screening of patients based on the CBC at each weekly check-up. It would be interesting to
assess if eosinopenia enable to identify asymptomatic patients and reduce contagiousness
in our vulnerable population.

5. Conclusions

To conclude, the detection of eosinopenia enables rapid triage of symptomatic chronic
hemodialysis patients into low or high COVID-19 suspicion groups when they arrive at
the dialysis session. The ability to identify high COVID suspicion with an inexpensive,
widely available, point-of-care test, has important practical implications, particularly for
early hemodialysis isolation to avoid spread of SARS-CoV-2 throughout a center. This low
cost triage tool is of particular interest in the coming months, especially for low-income
countries with limited access to RT-PCR and chest CT scans [14,15].
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