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Background: This study was designed to investigate the prevalence and
predictors of depression in patients after pacemaker implantation during the
COVID-19 pandemic in addition to identifying specific depressive symptoms
associated with quality of life (QOL) using network analysis (NA).

Methods: This cross-sectional, observational study was conducted in China
between July 1, 2021, and May 17, 2022. Descriptive analysis was used to calculate
depression prevalence. Univariate analyses were used to compare differences in
demographic and clinical characteristics between depressed and non-depressed
patients following pacemaker implantation. Binary logistic regression analysis
was used to assess factors independently associated with depression. Network
analysis “expected influence,” and flow function indexes were used to identify
symptoms central to the depression network of the sample and depressive
symptoms that were directly associated with QOL, respectively. Network stability
was examined using a case-dropping bootstrap procedure.

Results: In total, 206 patients implanted with a pacemaker met the study
entry criteria and completed the assessment. The overall prevalence of
depression (PHQ-9 total score > 5) was 39.92% [95% confidence interval
(Cl) = 29.37—42.47%]. A binary logistic regression analysis revealed that patients
with depression were more likely to report a poor health status (p = 0.031), severe
anxiety symptoms (p < 0.001), and fatigue (p < 0.001). In the network model
for depression, “Sad mood,” “Poor Energy,” and “"Guilt” were the most influential
symptoms. “Fatigue” had the strongest negative association with QOL, followed
by “Sad mood” and “Appetite”.
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Conclusion:

Depression

10.3389/fpsyt.2023.1084792

is common among patients having undergone

pacemaker implantation during the COVID-19 pandemic. Anxiety, central
symptoms of depression (i.e., “Sad mood", “Poor Energy’, and "Guilt") and

woow

depressive symptoms linked to QOL (i.e., “Sad mood”, "Appetite”, and "Fatigue”)
identified in this study are promising targets for interventions and preventive
measures for depression in patients who have undergone pacemaker implants.

pacemaker implantation, depression, quality of life, network analysis, COVID-19

1. Introduction

Due to lifestyle changes, urbanization, and accelerated
population aging, heart diseases, including heart rhythm disorders,
have increased in China during the past decade (1). One
common heart rhythm disorder, bradyarrhythmia, refers to an
abnormally slow resting heart rate, typically below 60 beats
per minute. Currently, there is no oral medication to treat
bradyarrhythmias and, in some cases, implanting a pacemaker is
the only viable treatment option. Pacemaker implantation involves
placing a small device in the chest to help the heart beat at
a normal rate and rhythm (2). Many cardiovascular diseases,
including atherosclerotic cardiovascular disease (ASCVD), heart
failure, cardiomyopathy and valvular diseases, may lead to
bradyarrhythmias during later disease stages. Therefore, the
demand for pacemaker implantation has increased with rises in
aging populations (3-6).

For example, an estimated 600,000 pacemakers are implanted
per annum globally while another 3 million people already have
pacemakers (7). Implantation rates have increased by an estimated
10—15% per year and this upward trend is expected to continue
during the next decade (6). In China, total cardiac pacemaker
implantations reached 100,230 cases in 2019, 99,247 cases in 2020,
and 111,678 cases in 2021 (8), with elderly patients as the most
rapidly growing population segment (6). While implanted devices
are often life-saving for those with life-threatening arrhythmias,
implantations can also be life-altering and recipients experience
numerous challenges in the psychosocial adaptation process (9).
After pacemaker implantation, patients may confront physical
limitations (e.g., limited mobility), financial strain (e.g., medical
costs), psychosocial disruptions such as lowered quality of life
(QOL), and existential concerns related to their illness and living
with a pacemaker (10).

Associations between heart rhythm disorders and depressive
symptoms (depression thereafter) are well-documented and
assumed to be bi-directional in nature (11, 12). On one hand,
patients with heart rhythm disorders often have a higher risk of
developing depression compared to those without heart rhythm
disorders. For instance, one study found that the prevalence
of depression after pacemaker implantation was 41% among
patients in Turkey (13). In part, biological changes associated
with heart rhythm disorders have been linked to an increased
risk for depression (12). Meta-analyses have found increased
C-reactive protein (CRP) and interleukin-6 (IL-6) in CVD
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patients, both of which are associated with higher risk of
depression (14). Conversely, depression may also precipitate or
exacerbate heart rhythm disorders as well as associated risk factors
(e.g., hypertension, insulin resistance, diabetes, and treatment
adherence) (15, 16).

Aside from depression, post-implantation QOL is another

important facet of psychosocial adjustment warranting
consideration in these patients (17-20). After pacemaker
implantation,  patients  often  experience  psychological

consequences (e.g., depression, anxiety, and fatigue) related
to change of lifestyle, limitations in daily activities, and physical
discomfort, that lower their QOL (19). Previous studies have
found association between higher overall depression severity
and lower QOL (17, 18), but inter-relationships between specific
depressive symptoms and QOL have not been well documented in
bradyarrhythmia patients after pacemaker implantation.

Traditionally, the presence of mental health problems such as
depression has been determined on the basis of symptom counts
on interviews or total scores and cut-off values from validated
questionnaires. However, the assumption that individual symptoms
are equally-weighted expressions within a single underlying
disorder in traditional statistical approaches to psychopathology
assessment has been questioned (21-23). For example, the reliance
upon average or total scale scores fails to consider potential
causal relations, progressions, and heterogeneity of individual
symptoms as well as interrelations between different symptoms
(22, 24). In contrast, network approaches offer novel statistical
methods in which mental health problems are viewed as systems
of interacting symptoms that may give rise to each other (25).
Network analysis has the potential to map specific relationships
among individual symptoms of a disorder/syndrome, pinpoint
symptoms that link particular syndromes to other experiences such
as QOL, and identify specific symptoms as plausible treatment
targets (23). In network theory, central nodes are the most
influential symptoms of a disorder/syndrome that can activate
other symptoms. Central symptoms play a major role in causing the
onset and/or maintenance of a syndrome. Network analysis may
have utility in clarifying features of depression that are more critical
to understanding inter-relationships between different symptom
clusters in under-studied target populations including patients who
have undergone pacemaker implantations.

Finally, the COVID-19 pandemic has led to further
complications for health service provision in many countries
including China. For example, many emergency, intensive, or
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intermediate care units undertook heavy additional treatment
burdens and some wards in regional and tertiary hospitals were
converted to COVID-19 isolation units (26). Consequently,
regular medical services have been reduced. Following pacemaker
implantation, patients need to attend regular follow-up clinics but
reduced medical services and other strict public health measures
are potential barriers that interfere with regular assessments (27,
28); uncertainty in aftercare may contribute to increased risk
for depression. Furthermore, compared to rates in the general
population, COVID-19 vaccine rates in patients with major
medical conditions including heart diseases are typically lower in
China (29-31); such trends may contribute to higher infection
rates or complications among the medically vulnerable that, in
turn, increase depression risk.

Based on this overview, this study had three main objectives.
First, we assessed the prevalence of depression among patients
who had undergone pacemaker implantation during the COVID-
19 pandemic. Second, we examined participant characteristics
that predicted depressed versus non-depressed status within
the research sample. Third, we explored specific depressive
symptoms that were most central to depression and QOL
among participants.

2. Materials and methods

2.1. Sampling and sample size estimation

This was a cross-sectional, observational study conducted
between July 1, 2021, and May 17, 2022 at the National
Clinical Research Center for Cardiovascular Diseases in Beijing,
China. Following other studies (32, 33), the WeChat-based
“QuestionnaireStar” program was used to collect data. WeChat is
a widely used social communication application with more than
1.2 billion active users in China. All patients who had pacemaker
implantations and regularly attended their follow-up clinics for
maintenance therapy during the study period were consecutively
invited by a research physician to participate in this study. Patients
needed to present their WeChat-based health code during the
pandemic when they entered the clinic and were, presumably,
WecChat users. To be eligible, patients met the following selection
criteria: (1) aged 18 years or older; (2) received a pacemaker
implantation; (3) able to read and understand Chinese. Those
with dementia and obvious cognitive problems that interfered with
comprehension were excluded.

The sample size was calculated using the formula N = Za’P
(1-P)/d?, in which a = 0.05 and Z, = 1.96, and the estimated
acceptable margin of error for proportion d was 0.05. The
prevalence of depression among older population was estimated to
be 35.1% based on a previous study (34). Assuming that 10% of
those invited would refuse participation in this study, a sample size
of at least 249 participants would be ideal.

2.2. Data collection

Patients were invited to scan a Quick Response code (QR
Code) linked to the introduction and invitation of this study
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with their smartphone prior to their clinic appointments. After
providing the electronic written informed consent, they were asked
to complete the online assessment using their smartphone at an
outpatient clinic.

Socio-demographic data were collected using a pre-designed
data collection sheet and included gender, age, body mass index
(BMI, kg/m?), marital status (married/unmarried), education level
(high school and below/college education and above), having
medical insurance, current smoking, current social drinking,
perceived health status and perceived economic status (poor
or fair/good). Following a previous study (35), standard (no
versus yes) questions related to the pacemaker implantation were
asked including the following: (1) “Have you experienced chest
discomfort?”; (2) "Have you been restricted by chest discomfort
during physical activities?”; (3) “Have you felt discomfort in the
region of the intervention (chest/groin)?”; (4) “Have you been
restricted in your daily activities by fear of complications?”; (5)
“Since implantation, have you felt preoccupied with your heart
condition and general health?.”

2.3. Measurement

Severity of depressive symptoms was measured using the
validated Chinese version of the nine item-Patient Health
Questionnaire (PHQ-9) (36, 37). PHQ-9 items include (1)
“Anhedonia”, (2) “Sad Mood”, (3) “Sleep”, (4) “Energy”,
(5) “Appetite”, (6) “Guilt”, (7) “Concentration”, (8) “Motor
disturbance”, and (9) “Suicidal ideation”, each of which is rated
from 0 (define meaning of “0” anchor here e.g., “not at all”) to
3 (define anchor meaning). Total PHQ-9 scores range from 0
to 27; values of > 5 indicate the presence of depression (36, 37)
while values > 10 reflect “having moderate to severe depression.”
Severity of anxiety was assessed using the validated General
Anxiety Disorder (GAD-7) (38, 39), with total scores ranging
from 0 to 21. Severity of fatigue was assessed using a one-item
fatigue numeric rating scale with anchors ranging from “0” (no
fatigue) to “10” (extreme fatigue) (40). Finally, global QOL was
measured with the first two items of the validated World Health
Organization Quality of Life Scale Brief version (WHOQOL-
BREF): ” How do you assess your quality of life?” and “Are you
satisfied with your current health?” (41, 42). Higher scores reflected
higher QOL.

2.4. Ethical approval

The study protocol was approved by the Clinical Research
Ethics Committee of Beijing Anzhen Hospital.
2.5. Statistical analysis
2.5.1. Univariate and multivariate analyses

Data analyses were performed using SPSS version 25.0 (SPSS
Inc., Chicago, IL, USA). Distributions of continuous variables

were checked for normality using P-P plots. Mean PHQ-9
scores were calculated to estimate depression prevalence in the
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sample. Chi-square tests, independent samples ¢-tests, and Mann-
Whitney U-tests were used to compare sociodemographic and
disease-related variables between depression and no depression
groups, as appropriate. Binary logistic regression analyses with the
“enter” method were performed to examine independent correlates
of depression. All variables that had significant group differences
in univariate analyses were entered as independent variables, while
depression was entered as the dependent variable. Independent
associations of depression with QOL were examined using analysis
of covariance (ANCOVA) after controlling for variables on which
there were significant depression subgroup differences in univariate
analyses. Significant statistical differences were set at P < 0.05
(two-tailed).

2.5.2. Network structure

The network model was estimated using R software (43).
We computed polychoric correlations of all PHQ-9 items to
investigate edges of the network model. We also estimated
the Graphical Gaussian Model (GGM), a popular network
model, with the graphic least absolute shrinkage and selection
operator (LASSO) and Extended Bayesian Information Criterion
(EBIC) model using R package “gqgraph” (44). GGM is a
pairwise Markov random field (PMRF) model used for interval
or ordinal data; edges are interpreted as partial correlation
coefficients. The network was visualized using the “ggraph”

TABLE 1 Demographic characteristics of participants.

10.3389/fpsyt.2023.1084792

TABLE 2 Independent correlates of depression in study sample.

Variable Depression

95% ClI
Good health status 0.031 0.077 0.007-0.795
Having chest discomfort 0.280 2.104 0.546-8.115
Chest discomfort during physical activities 0.781 0.821 0.204-3.310
Discomfort in the region of the 0.066 0.247 0.055-1.099
intervention (chest/groin)
Restricted in your daily activities due to 1.00 0.322 0.083-1.243
fear of complications
GAD-7 total <0.001 3.165 2.064-4.848
Fatigue total <0.001 2.477 1.664-3.688

Bolded value < 0.05; CI, confidential interval; OR, odds ratio; There was collinearity between
worry about heart condition and general health and GAD?7 total score; therefore, only GAD-7
total score was entered in the logistic regression analysis.

package, where thicker edges represented stronger relationships
between nodes. We used the centrality index, Expected Influence
(EI) of nodes, to identify depressive symptoms that were more
central (influential) in the network model (45). To identify
particular depressive symptoms that were directly associated
with QOL, the “flow” function in R package “qgraph” was
used (46).

Variable Total (N =206) | No DEP (N = 132) DEP (N = 74) Univariate analyses
Male gender 106 51.5 71 53.8 35 47.3 0.800 1 0.387
College education and above 65 316 43 326 22 29.7 0.178 1 0.755
Married 44 21.4 23 17.4 21 28.4 3.387 1 0.077
Having medical insurance 204 99.0 131 99.2 73 98.6 0.174 1 1.00
Perceived good economic status 23 11.2 18 13.6 5 6.8 2.263 1 0.169
Perceived good health status 45 21.8 43 326 2 2.7 24.785 1 <0.001
Nosmoking 157 76.2 100 75.8 57 77.0 0.042 1 0.866
Social drinking 45 21.8 30 227 15 20.3 0.168 1 0.728
Having chest discomfort 87 422 41 311 46 62.2 18.801 1 <0.001
Chest discomfort during physical activities 124 60.2 71 53.8 53 71.6 6.294 1 0.017
Discomfort in the region of the intervention 71 34.5 38 28.8 33 44.6 5.245 1 0.032
(chest/groin)
Restricted in your daily activities due to fear 104 50.5 53 40.2 51 68.9 15.698 1 <0.001
complications
Worry about heart condition and general 93 45.1 49 37.1 44 59.5 9.555 1 0.002
health

Mean | SD | Mean | SD | Mean | SD | t/zZ Df P
Age (years) 68.65 12.48 67.70 12.79 70.35 11.79 —1.469 204 0.144
BMI (Kg/mz) 25.25 4.84 25.60 4.55 24.62 528 1.403 204 0.162
GAD-7 total 2.92 4.38 0.67 1.22 6.95 5.05 657.000 —* <0.001
Fatigue total 2.96 2.06 2.08 1.59 4.53 1.87 1600.500 —* <0.001
Global QOL 6.62 1.45 7.23 1.19 5.53 122 9.496 204 <0.001

Bolded values < 0.05; DEP, depressive symptoms; M, mean; SD, standard deviation; BMI, body mass index; GAD-7, 7-item general anxiety disorder; QOL, quality of life; *Mann-Whitney

U-test.
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FIGURE 1

Network structure of depression in patients after pacemaker implantation.

2.5.3. Network stability

Centrality stability was examined using the correlation stability
coefficient (CS-coefficient). A CS-coefficient value above 0.25
indicates that observed network model results are stable, though
traditionally, CS-coefficient values above 0.5 are preferable.
A Dbootstrapped difference test was conducted to assess the
robustness of node EIs and edges. Differences were significant
between two nodes or two edges if zero was not included in the
1,000-bootstrap 95% confidence interval (CI). Edge accuracy was
estimated with bootstrapped 95% Cls; a narrower CI suggests a
more reliable network. These procedures were conducted using the
package “bootnet” v1.4.3 (47).

3. Results

3.1. Participant characteristics

Of 210 pacemaker implantation recipients who were invited
to participate in the study, 206 met the study entry criteria
and completed the assessment, for a participation rate of
98.1%. Demographic and clinical characteristics of the sample
are shown in Table 1. The mean age of participants was
68.65 years [standardized deviation (SD) = 12.48 years] and 51.5%
(n = 106) were men.

3.2. Prevalence and correlates of
depression

The overall prevalence of depression (PHQ-9 total score > 5)
was 39.92% [95% confidence interval (CI) = 29.37—42.47%],
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while the prevalence of moderate to severe depression (PHQ-
9 total score > 10) was 14.98% (95% CI = 10.11—19.84%).
Table 1 summarizes comparisons of demographic and clinical
characteristics for depressed versus non-depressed pacemaker
implantation patient subgroups. The depressed subgroup reported
a poorer self-assessed health status (p < 0.001), higher mean GAD-
7 total score (p < 0.001), and higher mean fatigue total score
(p < 0.001). The depressed subgroup was also more likely to
report having chest discomfort (p < 0.001), discomfort in the
intervention region (chest/groin) (p = 0.032), severe restrictions in
daily activities due to fear of complications (p < 0.001) and worry
about their heart condition and general health (p = 0.002). After
controlling for other significant depression subgroup differences,
the ANCOVA revealed the depressed subgroup had significantly
lower QOL scores than the non-depressed subgroup did [F (q,
206) = 47.728, P < 0.001].

A binary logistic regression analysis indicated depressed patient
subgroup members reported a comparatively poorer perceived
health status (p = 0.031), more severe anxiety symptoms
(p < 0.001) and higher levels of fatigue (p < 0.001). No other
univariate correlates had statistically significant effects in the
multivariate prediction model (Table 2).

3.3. Network structure of depressive
symptoms

Figure 1 presents the network structure of depressive
symptoms as measured by PHQ-9 items. The predictability of
items is shown as ring-shaped pie charts in Figure 1. The mean
predictability was 0.566, indicating that, on average, 56.6% of the
variance in each node could be accounted for by neighboring nodes
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FIGURE 2
Flow network for quality of life (QOL) in study sample.
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in the model. The connection between nodes PHQ1 (“Anhedonia”)
and PHQ2 (“Sad mood”) (average edge weight = 0.435) was the
strongest positive edge, followed by edges between nodes PHQ3
(“Sleep”) and PHQ4 (“Energy”) (average edge weight = 0.390), and
nodes PHQ7 (“Concentration”) and PHQS8 (“Motor disturbance”)
(average edge weight = 0.360).

In terms of EI in the network model, the node PHQ2 (“Sad
mood”) had the highest EI centrality, followed by nodes PHQ4
(“Energy”) and PHQ6 (“Guilt”) (Figure 1); together, these were
the most influential symptoms for understanding depression in
patients who had pacemaker implantations. In addition, PHQ4
(“Fatigue”) had the strongest negative association with QOL
(average edge weight = —0.262), followed by PHQ2 (“Sad mood”)
(average edge weight = —0.134) and PHQ5 (“Appetite”) (average
edge weight = —0.118) (Figure 2).

EI centrality of the network model had moderate stability
(i.e., CS-coefhicient = 0.437; 95% CI: 0.359-0.515). Results of
bootstrapped differences tests for edge weights showed that most
comparisons between edge weights were statistically significant. As
such, the network model had acceptable reliability and stability
(Figure 3 and Supplementary Figure 1).

Frontiers in Psychiatry

4. Discussion

To our knowledge, this is the first study to examine the
prevalence and prediction of depression among patients who
had undergone pacemaker implantation as well as key symptoms
of depression and their associations with QOL using network
analysis. In this study the prevalence of depression was 39.92%
(95% CI: 29.37-42.47%), a rate that is similar to that reported
in Turkey (36.9%) based on the modified Hamilton Depression
Rating Scale (48), but much higher than rates from Iran (7.1%)
based on the Beck Depression Inventory (19) and New Zealand
(17.3%) as assessed with the Hospital Anxiety and Depression
Scale (49). The higher prevalence of depression in this study than
other studies may be due to differences in sampling methods and
patient characteristics (e.g., inpatients vs. outpatients), illness stage,
and depression measures. Nonetheless, chronic illness patients
treated with implantation devices are confronted with considerable
uncertainty that may contribute to depression (50-52).

For example, after pacemaker implantation, lower physical
activity levels, obesity, high stress levels, and hypertension could
contribute to depression (53). Adopting coping strategies that
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The stability of centrality index using case-dropping bootstrap

include focusing on activities, maintaining social support from
loved ones and having adequate rest, may improve depressive
symptoms. Patient support groups also provide opportunities
for the exchange of information and ideas, coping options and
alternative perspectives about implanted devices that may help to
combat depression and/or QOL losses. Additionally, educational
interventions designed to highlight the goals, functions, and
positive effects of implantation devices may help to curb depression
in some cases (19, 54).

Several factors including poor perceived health status, more
severe anxiety and heightened fatigue emerged as the most
significant, unique correlates of overall depression scores in
this sample. These findings dovetail with previous findings
documenting higher risk for severe depression among pacemaker
implantation recipients due to more highly compromised immune
systems (55), poorer health status and limited access to appropriate
care during the COVID-19 pandemic (56), anxiety symptoms,
increased sleep disturbances (57), fatigue, and lower socioeconomic
status (52).

In the depression network model, “Sad mood” was the most
central symptom, echoing previous findings among widowed
older people in China (58), depressed outpatients (59), and older
residents of Hong Kong (60). In late life, sad mood may result
from adverse life events (i.e., severe physical diseases, implementing
devices, losses of function, grief from interpersonal losses) and
poor social support. Furthermore, fear of device malfunction
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or over-dependence on health professionals, limitations in daily
activities due to pacemaker implantation, physical discomfort,
and technical issues including battery depletion may trigger
feelings of helplessness or sad mood in patients after pacemaker
implantation (17, 51, 52, 61, 62). Moreover, in the context
of the COVID-19 pandemic, restrictive public health measures
including mass quarantines, facility closures, and restrictions on
public transport (63-65) were adopted in many areas of China.
Consequently, increased disruptions to daily life and decreased
access to treatment among pacemaker implantation recipients may
have contributed to exacerbations in sad mood and fatigue as well
as lowered QOL.

The node “Energy” was another significant central symptom in
the depression network model, consistent with previous findings
reported in community-dwelling older adults (66), patients with
major depressive disorder (67) and adult Hong Kong residents
(60). Older adults with pacemaker implantation may experience
disturbances in sleep and appetite that influence energy levels (68).
Moreover, restricted outdoor exercise due to quarantines from
the COVID-19 pandemic could fuel fatigue and energy depletions
many patients feel (69).

Guilt also emerged as a central symptom in the depression
network model in line with findings from older adult residents
of Hong Kong (60). Participants in this study were typically
older adults. Compared to their younger counterparts, older
adults are more likely to experience chronic physical illness
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(e.g., hypertension, heart disease, diabetes, cancer, and stroke)
(70, 71), social isolation, a lower socioeconomic status, vision
deficits and cognitive impairments (72, 73), loneliness (74) and
heavy healthcare burdens (75); hence, older adults may experience
increases in guilt, in part, because they view themselves as a burden
for families, the medical system, and society due to functional
losses from aging and illness (76-78). Follow-up treatments for
pacemaker implantation recipients may increase personal and
financial burdens for patients’ families and the healthcare system,
hence contributing to more pronounced feelings of guilt in affected
patients. Particularly in the context of COVID-19, financial strain
may worsen if family members were made redundant or forced to
stay at home without income during the pandemic.

Fatigue, a common symptom among pacemaker implantation
patients, also emerged as a central symptom linked to QOL in
the network model. This observation is consistent with previous
evidence implicating fatigue as a prevalent, severe symptom in
heart disease patients with lower QOL (51, 61, 79). Due to
reduced motivation and/or energy in performing activities of daily
living and potential changes in sleep patterns, depressed patients
often experience increased fatigue (80). Once again, prolonged
anxiety, fear, and stress responses of pacemaker implantation
patients may be even more elevated as a result of living in
uncertain and unrelenting COVID-19 pandemic conditions. Over
time, such reactions may contribute to high levels of fatigue and
lowered QOL.

Within the flow network model, sad mood was negatively
associated with QOL, consistent with evidence from another
study linking negative mood states with poorer QOL among
advanced heart failure patients (81). The salience of both sad mood
and QOL for pacemaker implantation patients is highlighted by
their status as strong psychosocial predictors for heart disease
(82) and independent correlates of physical comorbidities and
increased mortality risk (83). “Appetite” was another symptom
directly associated with QOL in the network analysis. Poor
appetite is common symptom among older adults as well as those
who have pacemaker implantations (84). Among the potentially
relevant appetite changes, digestive problems, sense perception
impairments (e.g., loss of taste, smell and/or appetite) and chewing
or swallowing difficulties can affect eating and/or food intake,
contribute to weight loss and lead to nutritional deficiencies related
to lower QOL (83).

Although strengths of this research included its focus on
depression in an understudied population based on both traditional
analysis and network analysis approaches, its main limitations
should also be noted. First, given the highly specialized nature of
the sample, the sample size was relatively small and slightly under-
powered; replications are needed in future studies with large sample
sizes. Second, due to a cross-sectional design, directions of causality
between depression and pacemaker implantation could not be
determined. Third, because the study was conducted through the
National Clinical Research Center for Cardiovascular Diseases in
Beijing, generalizability of findings cannot be made across other
regions of China. Fourth, potential confounding influences such
as the use of medications and comorbid chronic diseases were
not assessed in an effort to maintain reasonable response burdens
for unpaid research volunteers in this study. Such factors warrant
attention in future extensions.
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5. Conclusion

In conclusion, depression was common among patients who
had undergone pacemaker implantation during the COVID-19
pandemic. Reports of a poor perceived health status, more severe
anxiety symptoms and heightened fatigue were identified as unique
predictors of overall depression scores. Network analysis revealed
central symptoms (e.g., “Sad mood”, “Poor Energy”, and “Guilt”)
and symptoms linked to QOL (e.g., “Sad mood”, “Appetite”,
and “Fatigue”) that are potentially useful targets of interventions
designed to prevent or reduce depression among recipients of
pacemaker implantation. As suggested by the American Heart
Association, clinicians should recognize potentially dynamic illness
trajectories among pacemaker recipients, routinely assess patients’
psychological status, and provide timely interventions when high
levels of distress are evident.

Data availability statement

The datasets presented in this article are not readily available
because the Clinical Research Ethics Committee of Beijing Anzhen
Hospital that approved the study prohibits the authors from
making publicly available the research dataset of clinical studies.
Requests to access the datasets should be directed to Y-TX,
xyutly@gmail.com.

Ethics statement

The studies involving human participants were reviewed and
approved by Beijing Anzhen Hospital. The patients/participants
provided their written informed consent to participate in
this study.

Author contributions

YL, HC, and Y-TX: study design. YL, HC, H-HL, X-JS,
C-YZ, and JL: data collection, analysis, and interpretation. HC,
Y-LT, and Y-TX: drafting of the manuscript. TJ: critical revision
of the manuscript. All authors approval of the final version
for publication.

Funding

This study was supported by the National Science and
Technology Major Project for Investigations of New Drugs
(20187X09201-014), the Beijing Municipal Science & Technology
Commission (no. Z181100001518005), and the University of
Macau (MYRG2019-00066-FHS; MYRG2022-00187-FHS).

Acknowledgments

The authors are grateful to all participants and clinicians
involved in this study.

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1084792
mailto: xyutly@gmail.com
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/

Lin et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. Hua W, Ding L-G, Fan X-H, Liu Z-M, Jiang C-L, Qu F-J, et al. Initial experience
with multipoint pacing cardiac resynchronization therapy in China. Chin Med J. (2016)
129:1241-3. doi: 10.4103/0366-6999.181966

2.Mond HG, Proclemer A. The 11th world survey of cardiac pacing and
implantablecardioverter-defibrillators: calendar year 2009-a World Society of
Arrhythmias project. Pacing Clin Electrophysiol. (2011) 34:1013-27. doi: 10.1111/j.
1540-8159.2011.03150.x

3. Bradshaw PJ, Stobie P, Knuiman MW, Briffa TG, Hobbs MS. Trends in the
incidence and prevalence of cardiac pacemaker insertions in an ageing population.
Open Heart. (2014) 1:¢000177. doi: 10.1136/openhrt-2014-000177

4. Chen W-W, Gao R-L, Liu L-S, Zhu M-L, Wang W, Wang Y-J, et al. China
cardiovascular diseases report 2015: a summary. ] Geriatr Cardiol. (2017) 14:1-10.

5. Greenspon AJ, Patel JD, Lau E, Ochoa JA, Frisch DR, Ho RT, et al. Trends in
permanent pacemaker implantation in the United States from 1993 to 2009: increasing
complexity of patients and procedures. ] Am Coll Cardiol. (2012) 60:1540-5. doi:
10.1016/S0735-1097(12)60704-9

6. Ma L-Y, Chen W-W, Gao R-L, Liu L-S, Zhu M-L, Wang Y-J, et al. China
cardiovascular diseases report 2018: an updated summary. J Geriatr Cardiol. (2020)
17:1. doi: 10.11909/j.issn.1671-5411.2020.01.001

7. De Vries L, Dijk W, Hooijschuur C, Leening M, Stricker B, Van Hemel N.
Utilisation of cardiac pacemakers over a 20-year period: results from a nationwide
pacemaker registry. Neth Heart J. (2017) 25:47-55. doi: 10.1007/s12471-016-0880-0

8. Chinese Medical Association. 2022 Chinese Medical Association Cardiac
Electrophysiological Pacing Branch. Beijing: Chinese Medical Association (2022).

9. Humphreys NK, Lowe R, Rance J, Bennett PD. Living with an implantable
cardioverter defibrillator: the patients’ experience. Heart Lung. (2016) 45:34-40. doi:
10.1016/j.hrtlng.2015.10.001

10. Ghojazadeh M, Azami-Aghdash S, Sohrab-Navi Z, Kolahdouzan K.
Cardiovascular patients’ experiences of living with pacemaker: qualitative study.
ARYA Atheroscler. (2015) 11:281.

11. Stapelberg NJ, Hamilton-Craig I, Neumann DL, Shum DH, McConnell H. Mind
and heart: heart rate variability in major depressive disorder and coronary heart
disease-a review and recommendations. Aust N Z ] Psychiatry. (2012) 46:946-57.
doi: 10.1177/0004867412444624

12. Taylor CB. Depression, heart rate related variables and cardiovascular disease.
Int ] Psychophysiol. (2010) 78:80-8. doi: 10.1016/j.ijpsycho.2010.04.006

13. Bilge AK, Ozben B, Demircan S, Cinar M, Yilmaz E, Adalet K. Depression and
anxiety status of patients with implantable cardioverter defibrillator and precipitating
factors. Pacing Clin. Electrophysiol. (2006) 29:619-26. doi: 10.1111/j.1540-8159.2006.
00409.x

14. Smith KJ, Au B, Ollis L, Schmitz N. The association between C-reactive protein,
Interleukin-6 and depression among older adults in the community: a systematic
review and meta-analysis. Exp Gerontol. (2018) 102:109-32. doi: 10.1016/j.exger.2017.
12.005

15. Katon WJ. Epidemiology and treatment of depression in patients with chronic
medical illness. Dialogues Clin Neurosci. (2022) 13:7-23. doi: 10.31887/DCNS.2011.13.
1/wkaton

16. Taylor WD, Aizenstein HJ, Alexopoulos G. The vascular depression hypothesis:
mechanisms linking vascular disease with depression. Mol Psychiatry. (2013) 18:963-
74. doi: 10.1038/mp.2013.20

17. Figueroa C, Alcocer L, Ramos B. Psychological intervention to modify anxiety,
depression and quality of life in patients with an implantable pacemaker. Psychology.
(2016) 7:374-81. doi: 10.4236/psych.2016.73040

Frontiers in Psychiatry

10.3389/fpsyt.2023.1084792

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpsyt.2023.
1084792/full#supplementary- material

18. Mlynarski R, Wlodyka A, Kargul W. Changes in the mental and physical
components of the quality of life for patients six months after pacemaker implantation.
Cardiol J. (2009) 16:250-3.

19. Rafsanjani MHAP, Masoudi S, Radmanesh M, Bostani Z. Comparison of
depression and anxiety among pacemaker and implantable cardioverter-defibrillator
recipients: a cross-sectional study. Pacing Clin Electrophysiol. (2021) 44:235-9. doi:
10.1111/pace.14152

20. Thylén I, Dekker RL, Jaarsma T, Stromberg A, Moser DK. Characteristics
associated with anxiety, depressive symptoms, and quality-of-life in a large cohort of
implantable cardioverter defibrillator recipients. J Psychosomc Res. (2014) 77:122-7.
doi: 10.1016/j.jpsychores.2014.05.007

21. Fried EI, Nesse RM. Depression is not a consistent syndrome: an investigation
of unique symptom patterns in the STAR* D study. ] Affect Disord. (2015) 172:96-102.
doi: 10.1016/j.jad.2014.10.010

22. Fried EI, Nesse RM. Depression sum-scores don’t add up: why analyzing specific
depression symptoms is essential. BMC Med. (2015) 13:72. doi: 10.1186/s12916-015-
0325-4

23. Fried EI, Nesse RM, Zivin K, Guille C, Sen S. Depression is more than the sum
score of its parts: individual DSM symptoms have different risk factors. Psychol Med.
(2014) 44:2067-76. doi: 10.1017/50033291713002900

24. Schmittmann VD, Cramer AO, Waldorp L], Epskamp S, Kievit RA, Borsboom
D. Deconstructing the construct: a network perspective on psychological phenomena.
New Ideas Psychol. (2013) 31:43-53. doi: 10.1016/j.newideapsych.2011.02.007

25. Borsboom D. A network theory of mental disorders. World Psychiatry. (2017)
16:5-13. doi: 10.1002/wps.20375

26. Garcia S, Albaghdadi MS, Meraj PM, Schmidt C, Garberich R, Jaffer FA, et al.
Reduction in ST-segment elevation cardiac catheterization laboratory activations in
the United States during COVID-19 pandemic. ] Am Coll Cardiol. (2020) 75:2871-2.
doi: 10.1016/j.jacc.2020.04.011

27. Kretchy IA, Asiedu-Danso M, Kretchy J-P. Medication management and
adherence during the COVID-19 pandemic: perspectives and experiences from low-
and middle-income countries. Res Soc Adm Pharm. (2021) 17:2023-6. doi: 10.1016/j.
sapharm.2020.04.007

28. Pfefferbaum B, North CS. Mental health and the Covid-19 pandemic. N Engl J
Med. (2020) 383:510-2. doi: 10.1056/NEJMp2008017

29. WangJ, Yuan B, Lu X, Liu X, Li L, Geng S, et al. Willingness to accept COVID-19
vaccine among the elderly and the chronic disease population in China. Hum Vaccin
Immunother. (2021) 17:4873-88. doi: 10.1080/21645515.2021.2009290

30. Wang Y, Duan L, Li M, Wang J, Yang ], Song C, et al. COVID-19 vaccine
hesitancy and associated factors among diabetes patients: a cross-sectional survey in
Changzhi, Shanxi, China. Vaccines. (2022) 10:129. doi: 10.3390/vaccines10010129

31. Zhang D, Cui Q, Xu J, Cai J, Lu X, Yang Y. Factors related with COVID-19
vaccination willingness among outpatients in China. Hum Vaccin Immunother. (2021)
17:3963-8. doi: 10.1080/21645515.2021.1954441

32. Sun D, Yang D, Li Y, Zhou ], Wang W, Wang Q, et al. Psychological impact of
2019 novel coronavirus (2019-nCoV) outbreak in health workers in China. Epidemiol
Infect. (2020) 148:e96. doi: 10.1017/S0950268820001090

33. Wu W, Zhang Y, Wang P, Zhang L, Wang G, Lei G, et al. Psychological stress
of medical staffs during outbreak of COVID-19 and adjustment strategy. ] Med Virol.
(2020) 92:1962-70. doi: 10.1002/jmv.25914

34. Cai H, Jin Y, Liu R, Zhang Q, Su Z, Ungvari GS, et al. Global prevalence of
depression in older adults: a systematic review and meta-analysis of epidemiological
surveys. Asian J Psychiatry. (2022) 80:103417. doi: 10.1016/j.ajp.2022.103417

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1084792
https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1084792/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1084792/full#supplementary-material
https://doi.org/10.4103/0366-6999.181966
https://doi.org/10.1111/j.1540-8159.2011.03150.x
https://doi.org/10.1111/j.1540-8159.2011.03150.x
https://doi.org/10.1136/openhrt-2014-000177
https://doi.org/10.1016/S0735-1097(12)60704-9
https://doi.org/10.1016/S0735-1097(12)60704-9
https://doi.org/10.11909/j.issn.1671-5411.2020.01.001
https://doi.org/10.1007/s12471-016-0880-0
https://doi.org/10.1016/j.hrtlng.2015.10.001
https://doi.org/10.1016/j.hrtlng.2015.10.001
https://doi.org/10.1177/0004867412444624
https://doi.org/10.1016/j.ijpsycho.2010.04.006
https://doi.org/10.1111/j.1540-8159.2006.00409.x
https://doi.org/10.1111/j.1540-8159.2006.00409.x
https://doi.org/10.1016/j.exger.2017.12.005
https://doi.org/10.1016/j.exger.2017.12.005
https://doi.org/10.31887/DCNS.2011.13.1/wkaton
https://doi.org/10.31887/DCNS.2011.13.1/wkaton
https://doi.org/10.1038/mp.2013.20
https://doi.org/10.4236/psych.2016.73040
https://doi.org/10.1111/pace.14152
https://doi.org/10.1111/pace.14152
https://doi.org/10.1016/j.jpsychores.2014.05.007
https://doi.org/10.1016/j.jad.2014.10.010
https://doi.org/10.1186/s12916-015-0325-4
https://doi.org/10.1186/s12916-015-0325-4
https://doi.org/10.1017/S0033291713002900
https://doi.org/10.1016/j.newideapsych.2011.02.007
https://doi.org/10.1002/wps.20375
https://doi.org/10.1016/j.jacc.2020.04.011
https://doi.org/10.1016/j.sapharm.2020.04.007
https://doi.org/10.1016/j.sapharm.2020.04.007
https://doi.org/10.1056/NEJMp2008017
https://doi.org/10.1080/21645515.2021.2009290
https://doi.org/10.3390/vaccines10010129
https://doi.org/10.1080/21645515.2021.1954441
https://doi.org/10.1017/S0950268820001090
https://doi.org/10.1002/jmv.25914
https://doi.org/10.1016/j.ajp.2022.103417
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/

Linetal.

35. Cabanas-Grandio P, Garcia Campo E, Bisbal F, Garcia-Seara J, Pachén M,
Juan-Salvadores P, et al. Quality of life of patients undergoing conventional vs
leadless pacemaker implantation: a multicenter observational study. J Cardiovasc
Electrophysiol. (2020) 31:330-6. doi: 10.1111/jce.14322

36. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression
severity measure. ] Gen Intern Med. (2001) 16:606-13. doi: 10.1046/j.1525-1497.2001.
016009606.x

37. Zhang YL, Liang W, Chen ZM, Zhang HM, Zhang JH, Weng XQ, et al. Validity
and reliability of Patient Health Questionnaire-9 and Patient Health Questionnaire-2
to screen for depression among college students in China. Asia Pac Psychiatry. (2013)
5:268-75. doi: 10.1111/appy.12103

38. He XY, Li CB, Qian J, Cui HS, Wu WY. Reliability and validity of a generalized
anxiety disorder scale in general hospital outpatients (in Chinese). Shanghai Arch
Psychiatry. (2010) 22:200-3.

39. Spitzer RL, Kroenke K, Williams JB, Lowe B. A brief measure for assessing
generalized anxiety disorder: the GAD-7. Arch Intern Med. (2006) 166:1092-7. doi:
10.1001/archinte.166.10.1092

40. Gladman D, Nash P, Goto H, Birt JA, Lin C-Y, Orbai A-M, et al. Fatigue numeric
rating scale validity, discrimination and responder definition in patients with psoriatic
arthritis. RMD Open. (2020) 6:¢000928. doi: 10.1136/rmdopen-2019-000928

41. Cheung YB, Yeo KK, Chong KJ, Khoo EYH, Wee HL. Measurement equivalence
of the English, Chinese and Malay versions of the World Health Organization quality
of life (WHOQOL-BREF) questionnaires. Health Qual Life Outcomes. (2019) 17:67.
doi: 10.1186/s12955-019-1130-0

42. Skevington SM, Lotfy M, O’Connell KA, Group W. The World Health
Organization’s WHOQOL-BREF quality of life assessment: psychometric properties
and results of the international field trial. A report from the WHOQOL group. Qual
Life Res. (2004) 13:299-310. doi: 10.1023/B:QURE.0000018486.91360.00

43. R Core Team. R: A Language and Environment for Statistical Computing. Vienna:
R Foundation for Statistical Computing (2020).

44. Epskamp S, Borsboom D, Fried EI. Estimating psychological networks and their
accuracy: a tutorial paper. Behav Res Methods. (2018) 50:195-212. doi: 10.3758/s13428-
017-0862-1

45. Beard C, Millner AJ, Forgeard MJ, Fried EI, Hsu KJ, Treadway M, et al. Network
analysis of depression and anxiety symptom relationships in a psychiatric sample.
Psychol Med. (2016) 46:3359-69. doi: 10.1017/S0033291716002300

46. Epskamp S, Cramer AO, Waldorp LJ, Schmittmann VD, Borsboom D. ggraph:
network visualizations of relationships in psychometric data. J Stat Softw. (2012)
48:1-18. doi: 10.18637/js5.v048.i04

47. Epskamp, S, Fried EI. Package ‘Bootnet’. Bootstrap Methods for Various Network
Estimation Routines 5, 0.1. (2015).

48. Aydemir O, Ozmen E, Kiiey L, Kiiltur S, Yesil M, Postaci N, et al. Psychiatric
morbidity and depressive symptomatology in patients with permanent pacemakers.
Pacing Clin Electrophysiol. (1997) 20:1628-32. doi: 10.1111/j.1540-8159.1997.tb03531.
X

49. Miranda J, Stiles M, Lever N, Mahadevan H. Prevalence of depression and
anxiety among patients with cardiac implantable electronic device (CIED). Heart Lung
Circulation. (2018) 27:513-4. doi: 10.1016/j.h1c.2018.05.129

50. Falk K, Swedberg K, Gaston-Johansson F, Ekman I. Fatigue is a prevalent and
severe symptom associated with uncertainty and sense of coherence in patients with
chronic heart failure. Eur ] Cardiovasc Nurs. (2007) 6:99-104. doi: 10.1016/j.ejcnurse.
2006.05.004

51. Polikandrioti M. Quality of life of patients with cardiac pacemaker: levels,
associated characteristics, and the impact of anxiety and depression. Folia Med. (2022)
64:117-27. doi: 10.3897/folmed.64.€63234

52. Polikandrioti M, Tzirogiannis K, Zyga S, Koutelekos I, Vasilopoulos G, Theofilou
P, et al. Effect of anxiety and depression on the fatigue of patients with a permanent
pacemaker. Arch Med Sci Atheroscler Dis. (2018) 3:8-17. doi: 10.5114/amsad.2018.
73231

53. Dhar AK, Barton DA. Depression and the link with cardiovascular disease. Front
Psychiatry. (2016) 7:33. doi: 10.3389/fpsyt.2016.00033

54. Mansouri A, Baraz S, Elahi N, Malehi AS, Saberipour B. The effect of an
educational program based on Roy’s adaptation model on the quality of life of patients
suffering from heart failure: a clinical trial study. Japan J Nurs Sci. (2019) 16:459-67.
doi: 10.1111/jjns.12255

55. Edlinger C, Paar V, Kheder SH, Krizanic E Lalou E, Boxhammer E, et al.
Endothelialization and inflammatory reactions after intracardiac device implantation.
Cell Biol Transl Med. (2022) 17:1-22. doi: 10.1007/5584_2022_712

56. Moreno C, Wykes T, Galderisi S, Nordentoft M, Crossley N, Jones N, et al. How
mental health care should change as a consequence of the COVID-19 pandemic. Lancet
Psychiatry. (2020) 7:813-24. doi: 10.1016/S2215-0366(20)30307-2

57. Lv G, Zhao X, Xu X, Hou E Li P. Gender-based differences in the relationships
among social support, positive psychological capital, and sleep quality in patients
implanted with pacemakers: a moderated mediation model. J Cardiovasc Nurs. (2022)
37:79-85.

Frontiers in Psychiatry

10

10.3389/fpsyt.2023.1084792

58. Pan H, Liu Q. Difference of depression between widowed and non-widowed
older people in China: a network analysis approach. J Affect Disord. (2021) 280:68-76.
doi: 10.1016/j.jad.2020.11.058

59. Fried EI, Epskamp S, Nesse RM, Tuerlinckx E Borsboom D. What
are€good’depression symptoms? Comparing the centrality of DSM and non-DSM
symptoms of depression in a network analysis. ] Affect Disord. (2016) 189:314-20.
doi: 10.1016/j.jad.2015.09.005

60. Cheung T, Jin Y, Lam S, Su Z, Hall B, Xiang Y-T. Network analysis of depressive
symptoms in Hong Kong residents during the COVID-19 pandemic. Transl Psychiatry.
(2021) 11:1-8. doi: 10.1038/s41398-021-01543-z

61. Polikandrioti M. Patient perceptions and quality of life in pacemaker recipients.
J. Innov Card Rhythm Manag. (2021) 12:4769. doi: 10.19102/icrm.2021.121103

62. Polikandrioti M, Tzirogiannis K, Zyga S, Gerogianni G, Stefanidou S, Tsami
A, et al. Assessment of fatigue in patients with a permanent cardiac pacemaker:
prevalence and associated factors. Arch Med Sci Atheroscler Dis. (2018) 3:166-73.
doi: 10.5114/amsad.2018.81085

63. Kraemer MU, Yang C-H, Gutierrez B, Wu C-H, Klein B, Pigott DM, et al. The
effect of human mobility and control measures on the COVID-19 epidemic in China.
Science. (2020) 368:493-7. doi: 10.1126/science.abb4218

64. Tian H, Liu Y, Li Y, Wu C-H, Chen B, Kraemer MU, et al. An investigation of
transmission control measures during the first 50 days of the COVID-19 epidemic in
China. Science. (2020) 368:638-42. doi: 10.1126/science.abb6105

65. Xu W, Wu J, Cao L. COVID-19 pandemic in China: context, experience and
lessons. Health Policy Technol. (2020) 9:639-48. doi: 10.1016/j.hlpt.2020.08.006

66. Jin Y, Sun H, Lam S, Su Z, Hall B, Cheung T, et al. Depressive symptoms and
gender differences in older adults in Hong Kong during the COVID-19 pandemic:
a network analysis approach. Int ] Biol Sci. (2022) 18:3934-41. doi: 10.7150/ijbs.
69460

67. van Borkulo C, Boschloo L, Borsboom D, Penninx BW, Waldorp LJ, Schoevers
RA. Association of symptom network structure with the course of depression. JAMA
Psychiatry. (2015) 72:1219-26. doi: 10.1001/jamapsychiatry.2015.2079

68. Kessler K, Pivovarova-Ramich O. Meal timing, aging, and metabolic health. Int
J Mol Sci. (2019) 20:1911. doi: 10.3390/ijms20081911

69. Sepulveda-Loyola W, Rodriguez-Sanchez I, Pérez-Rodriguez P, Ganz E, Torralba
R, Oliveira D, et al. Impact of social isolation due to COVID-19 on health in older
people: mental and physical effects and recommendations. ] Nutr Health Aging. (2020)
24:938-47. doi: 10.1007/s12603-020- 1500-7

70. Tinetti ME, Costello DM, Naik AD, Davenport C, Hernandez-Bigos K, Van
Liew JR, et al. Outcome goals and health care preferences of older adults with
multiple chronic conditions. JAMA Netw Open. (2021) 4:e211271-211271. doi: 10.
1001/jamanetworkopen.2021.1271

71. Vahia IV, Jeste DV, Reynolds CF. Older adults and the mental health effects of
COVID-19. JAMA. (2020) 324:2253-4. doi: 10.1001/jama.2020.21753

72. Burns A, Zaudig M. Mild cognitive impairment in older people. Lancet. (2002)
360:1963-5. doi: 10.1016/S0140-6736(02)11920-9

73. Fricke TR, Jong M, Naidoo KS, Sankaridurg P, Naduvilath TJ, Ho SM, et al.
Global prevalence of visual impairment associated with myopic macular degeneration
and temporal trends from 2000 through 2050: systematic review, meta-analysis and
modelling. Br ] Ophthalmol. (2018) 102:855-62. doi: 10.1136/bjophthalmol-2017-
311266

74. Luanaigh CO, Lawlor BA. Loneliness and the health of older people. Int ] Geriatr
Psychiatry. (2008) 23:1213-21.

75. Prince MJ, Wu E Guo Y, Robledo LMG, O’Donnell M, Sullivan R, et al. The
burden of disease in older people and implications for health policy and practice.
Lancet. (2015) 385:549-62. doi: 10.1016/S0140-6736(14)61347-7

76. Griihn D, Kotter-Griihn D, Récke C. Discrete affects across the adult lifespan:
evidence for multidimensionality and multidirectionality of affective experiences in
young, middle-aged and older adults. ] Res Pers. (2010) 44:492-500. doi: 10.1016/j.jrp.
2010.06.003

77. Pedroso-Chaparro M.d.S, Mérquez-Gonzélez M, Vara-Garcia C, Cabrera I,
Romero-Moreno R, Barrera-Caballero S, et al. Guilt for perceiving oneself as a
burden in healthy older adults. Associated factors. Aging Ment Health. (2021) 25:
2330-6.

78. Weissberger GH, Mosqueda L, Nguyen AL, Samek A, Boyle PA, Nguyen CP,
et al. Physical and mental health correlates of perceived financial exploitation in
older adults: preliminary findings from the finance, cognition, and health in elders
study (FINCHES). Aging Ment Health. (2020) 24:740-6. doi: 10.1080/13607863.2019.
1571020

79. Evangelista LS, Moser DK, Westlake C, Pike N, Ter-Galstanyan A, Dracup
K. Correlates of fatigue in patients with heart failure. Prog Cardiovasc Nurs. (2008)
23:12-7.

80. Cho JH-J, Olmstead R, Choi H, Carrillo C, Seeman TE, Irwin MR. Associations
of objective versus subjective social isolation with sleep disturbance, depression, and
fatigue in community-dwelling older adults. Aging Ment Health. (2019) 23:1130-8.
doi: 10.1080/13607863.2018.1481928

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1084792
https://doi.org/10.1111/jce.14322
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1111/appy.12103
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1136/rmdopen-2019-000928
https://doi.org/10.1186/s12955-019-1130-0
https://doi.org/10.1023/B:QURE.0000018486.91360.00
https://doi.org/10.3758/s13428-017-0862-1
https://doi.org/10.3758/s13428-017-0862-1
https://doi.org/10.1017/S0033291716002300
https://doi.org/10.18637/jss.v048.i04
https://doi.org/10.1111/j.1540-8159.1997.tb03531.x
https://doi.org/10.1111/j.1540-8159.1997.tb03531.x
https://doi.org/10.1016/j.hlc.2018.05.129
https://doi.org/10.1016/j.ejcnurse.2006.05.004
https://doi.org/10.1016/j.ejcnurse.2006.05.004
https://doi.org/10.3897/folmed.64.e63234
https://doi.org/10.5114/amsad.2018.73231
https://doi.org/10.5114/amsad.2018.73231
https://doi.org/10.3389/fpsyt.2016.00033
https://doi.org/10.1111/jjns.12255
https://doi.org/10.1007/5584_2022_712
https://doi.org/10.1016/S2215-0366(20)30307-2
https://doi.org/10.1016/j.jad.2020.11.058
https://doi.org/10.1016/j.jad.2015.09.005
https://doi.org/10.1038/s41398-021-01543-z
https://doi.org/10.19102/icrm.2021.121103
https://doi.org/10.5114/amsad.2018.81085
https://doi.org/10.1126/science.abb4218
https://doi.org/10.1126/science.abb6105
https://doi.org/10.1016/j.hlpt.2020.08.006
https://doi.org/10.7150/ijbs.69460
https://doi.org/10.7150/ijbs.69460
https://doi.org/10.1001/jamapsychiatry.2015.2079
https://doi.org/10.3390/ijms20081911
https://doi.org/10.1007/s12603-020-1500-7
https://doi.org/10.1001/jamanetworkopen.2021.1271
https://doi.org/10.1001/jamanetworkopen.2021.1271
https://doi.org/10.1001/jama.2020.21753
https://doi.org/10.1016/S0140-6736(02)11920-9
https://doi.org/10.1136/bjophthalmol-2017-311266
https://doi.org/10.1136/bjophthalmol-2017-311266
https://doi.org/10.1016/S0140-6736(14)61347-7
https://doi.org/10.1016/j.jrp.2010.06.003
https://doi.org/10.1016/j.jrp.2010.06.003
https://doi.org/10.1080/13607863.2019.1571020
https://doi.org/10.1080/13607863.2019.1571020
https://doi.org/10.1080/13607863.2018.1481928
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/

Lin et al.

81. Sullivan M, Levy WC, Russo JE, Spertus JA. Depression and health status in
patients with advanced heart failure: a prospective study in tertiary care. ] Card Fail.
(2004) 10:390-6. doi: 10.1016/j.cardfail.2004.01.011

82. Arnold SV, Spertus JA, Ciechanowski PS, Soine LA, Jordan-Keith K,
Caldwell JH, et al. Psychosocial modulators of angina response to myocardial
ischemia. Circulation. (2009) 120:126-33. doi: 10.1161/CIRCULATIONAHA.108.
806034

Frontiers in Psychiatry

10.3389/fpsyt.2023.1084792

83. Mikkola TM, Kautiainen H, von Bonsdorff MB, Salonen MK, Wasenius N,
Kajantie E, et al. Body composition and changes in health-related quality of life in
older age: a 10-year follow-up of the Helsinki Birth Cohort Study. Qual Life Res. (2020)
29:2039-50. doi: 10.1007/s11136-020-02453-1

84. Cheng C-W, Wang C-H, Chen W-S, Wang C-C, Cherng W-]. Predictors of long-
term survival prior to permanent pacemaker implantation in octogenarians or older.
Aging Clin Exp Res. (2019) 31:1001-9. doi: 10.1007/s40520-018- 1044-4

11 frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1084792
https://doi.org/10.1016/j.cardfail.2004.01.011
https://doi.org/10.1161/CIRCULATIONAHA.108.806034
https://doi.org/10.1161/CIRCULATIONAHA.108.806034
https://doi.org/10.1007/s11136-020-02453-1
https://doi.org/10.1007/s40520-018-1044-4
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/

	Prevalence of depression and its association with quality of life in patients after pacemaker implantation during the COVID-19 pandemic: A network analysis
	1. Introduction
	2. Materials and methods
	2.1. Sampling and sample size estimation
	2.2. Data collection
	2.3. Measurement
	2.4. Ethical approval
	2.5. Statistical analysis
	2.5.1. Univariate and multivariate analyses
	2.5.2. Network structure
	2.5.3. Network stability


	3. Results
	3.1. Participant characteristics
	3.2. Prevalence and correlates of depression
	3.3. Network structure of depressive symptoms

	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


