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Abstract

Purpose To investigate the prevalence of insomnia among nurses with long COVID-19, analyze the potential risk
factors and establish a nomogram model.

Methods Nurses in Ningbo, China, were recruited for this study. General demographic information and insomnia,
burnout, and stress assessment scores were collected through a face-to face questionnaire survey administered
at a single center from March to May 2023. We used LASSO regression to identify potential factors contributing to
insomnia. Then, a nomogram was plotted based on the model chosen to visualize the results and evaluated by
receiver operating characteristic curves and calibration curves.

Results A total of 437 nurses were recruited. 54% of the nurses had insomnia according to the Insomnia Severity
Index (ISI) score. Eleven variables, including family structure, years of work experience, relaxation time, respiratory
system sequelae, nervous system sequelae, others sequelae, attitudes toward COVID-19, sleep duration before
infection, previous sleep problems, stress, and job burnout, were independently associated with insomnia. The
R-squared value was 0.464, and the area under the curve was 0.866. The derived nomogram showed that neurological
sequelae, stress, job burnout, sleep duration before infection, and previous sleep problems contributed the most

to insomnia. The calibration curves showed significant agreement between the nomogram models and actual
observations.

Conclusion This study focused on insomnia among nurses with long COVID-19 and identified eleven risk factors
related to nurses'insomnia. A nomogram model was established to illustrate and visualize these factors, which will be
instrumental in future research for identifying nurses with insomnia amid pandemic normalization and may increase
awareness of the health status of healthcare workers with long COVID-19.

Keywords Long COVID-19, Insomnia, Nurses, Nomogram

fLingxiao Ye and Feng Zhang are the co-first authors. Tingting Cai

— - - caitingtingguo@163.com
Lingxiao Ye and Feng Zhang contributed equally to this work. 'Department of Nursing, Ningbo Medical Centre LiHuili Hospital, Ningbo
*Correspondence: Evaersity, Ning.bo, China o . .
Jiaran Shi School of Nursing, Fudan University, 305 Fenglin Road, Shanghai
shijiaran102@126.com 200032, China

3Department of Cardiology, Ningbo Medical Centre LiHuili Hospital,
Ningbo University, Ningbo, China

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder.To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12912-024-02212-4&domain=pdf&date_stamp=2024-8-3

Ye et al. BMC Nursing (2024) 23:532

Introduction

While coronavirus disease 2019 (COVID-19) is predomi-
nantly considered an acute self-remitting disease, individ-
uals may experience long-term symptoms that develop
after recovery from acute COVID-19 [1]. The World
Health Organization (WHO) defines long COVID-19
as the continuation or development of new symptoms 3
months after the initial SARS-CoV-2 infection, with these
symptoms lasting for at least 2 months [2]. Fatigue, short-
ness of breath, and cognitive dysfunction are among the
most commonly reported symptoms according to the
WHO [3-5]. Recent studies have shown that sleep dis-
turbances, including insomnia, are also prominent fea-
tures of long COVID-19 [6-8]. It has been reported that
the rate of incident insomnia symptoms is 60.6% for long
COVID-19 patients [7], which is higher than the 18-31%
prevalence identified in the general population during
the COVID-19 pandemic [9].

Insomnia is a common phenomenon among nurses.
Previous studies have shown that insomnia in nurses is
associated with age [10], marital status [11], education
level [12], sex [13], job strain [13] and work shift [13].
Since the COVID-19 pandemic, there has been a sig-
nificant increase in insomnia in global communities [14,
15], and nurses are at a high risk of insomnia, especially
those who have long COVID-19. Long COVID-19 is an
often-debilitating illness with sequalae that can impact
multiple systems, such as respiratory sequelae, cardiovas-
cular sequelae, neurological sequelae, and other sequelae
(psychological and mental effects) [3, 16—18]. Moreover,
prolonged emotional and interpersonal stress and burn-
out have been increasingly recognized as hazards, with a
high prevalence among medical workers in many coun-
tries during the COVID-19 pandemic [19]. A study com-
pared the sleep quality of 287 medical and nursing staff
members before infection and during the long COVID-
19 period, and reported that the scores on all sleep and
psychological scales during the long COVID-19 period
were greater (i.e., worse) than those before infection [20].

Compared to the general population, nurses undertake
clinical work characterized by articulated work shifts to
ensure continuity of care throughout a 24-hour period.
It has been reported that shift work is a risk factor for
insomnia in nurses [13]. Nurses experienced consider-
able changes in their work schedules after the start of the
COVID-19 pandemic, including longer hours [21], more
shift work [13], and general alterations in staff scheduling
to minimize interactions between staff members.

Potential insomnia in nurses has been a public health
concern because it may degrade the quality of patient
care. Insufficient sleep or poor sleep quality due to
insomnia leads to fatigue, creating a potentially hazard-
ous environment for patients and negatively effecting
on physical health outcomes in medical workers [22].
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Lenzer [23] reported a threefold increase in the number
of patient deaths from preventable events when nurses
had a short sleep duration. Moreover, numerous obser-
vational studies have reported that healthcare workers
with a short sleep duration and poor sleep quality cannot
function to the best of their ability and can make atten-
tion-related errors that not only compromise patient care
but also put healthcare workers in danger [24-26]. For
example, studies have shown an increased incidence of
self-inflicted needle-stick injuries when nurses are tired.
Improving the sleep quality of nurses has become an
important social issue that needs to be addressed.

Although insomnia has been identified as a com-
mon symptom of long COVID-19, very few studies have
quantified the incidence and relative risk of insomnia in
nurses with long COVID-19. In this study, we assessed
insomnia among nurses with long COVID-19 and inves-
tigated the potential relationships between insomnia and
variables related to the nursing profession, clinical work,
continuous pandemic normalization, and long COVID-
19 in nurses. Then, we applied LASSO regression analy-
sis to preliminarily choose the variables for screening,
which can determine the degree of influence of a specific
characteristic on the target variables. A nomogram is a
visualization of a regression equation that can integrate
multiple risk factors into a visual diagram so that users
can easily interpret results through reading and opera-
tion and is used to visualize significant factors. These
findings can guide the recognition of insomnia in nurses
and other healthcare personnel amid pandemic normal-
ization for future research.

Methods

Participants

The study was conducted at Ningbo Medical Center
LiHuili Hospital in Zhejiang Province, China. A cross-
sectional survey was conducted to analyze related vari-
ables. The inclusion criteria were as follows: (1) licensed
nurses and (2) nurses who had received a COVID-19
diagnosis and whose pathological condition had per-
sisted for at least 2 months [2]. Nurses who were not on
duty because of sick leave, maternity leave, or off-site
training during the research were excluded from the
study. This study was approved by the Ethics Committee
of Ningbo Medical Center LiHuili Hospital (2023-C-119).
We explained the study to all participants and obtained
informed consent.

Procedures

The questionnaires were distributed to clinical nurses
via face-to-face contact from March to May 2023. The
content includes basic demographic information as well
as insomnia, burnout, and stress assessment scores. The
data were extracted simultaneously by two reviewers in
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duplicate and compiled into a preprepared data collec-
tion form. Any discrepancies were resolved through con-
sultation with the senior reviewer.

Measures

Demographic information survey

The survey focused on demographic information, includ-
ing age, gender, family structure, family relationship,
education, years of work experience, overtime status,
marriage, night shift frequency, technical qualification,
relaxation time, department, recovery time, sequelae sta-
tus, sleep duration before infection, previous sleep prob-
lems, exercise, department rotation, and attitudes toward
COVID-19.

Insomnia assessment

The Insomnia Severity Index (ISI) includes seven items
and is used to assess the nature, severity, and impact of
insomnia [27, 28]. Participants reflect on their experi-
ences over the past month by considering aspects such
as sleep onset issues, sleep maintenance problems, wak-
ing up too early, dissatisfaction with sleep, how sleeping
difficulties impact daytime functioning, whether others
notice their sleep problems, and the distress caused by
these issues. Each item is rated according to a five-point
Likert scale, with scores ranging from 0 (no problem) to 4
(very severe). All participants were divided into four sub-
groups according to their total score, which ranged from
0 to 28. In our study, the designation “sleep 0” indicated
the absence of insomnia (0-7), “sleep 1” indicated sub-
threshold insomnia (8—14), “sleep 2” indicated moderate
insomnia (15-21), and “sleep 3” indicated severe insom-
nia (22-28). Participants with scores > 8 were considered
to have insomnia. The reliability of the Chinese version of
the scale is 0.65-0.92 [29].

Burnout assessment

The Chinese Maslach Burnout Inventory (CMBI),
which assesses the degree of job burnout in workers,
was developed by Li et al. [30] based on the Maslach
Burnout Inventory (MBI) [31] questionnaire developed
by Maslach et al. and is suitable for the Chinese cul-
tural context. It includes three dimensions—emotional
exhaustion, personality disintegration, and decreased
sense of achievement—with a total of 15 items scored
using a seven-point Likert scale. Based on the diagnos-
tic criteria for job burnout and the scores on this scale,
job burnout among workers was divided into four lev-
els according to the critical values obtained in the study
(emotional exhaustion score =25 points, personality dis-
integration score211 points, and achievement reduc-
tion score 2 16 points): none, mild, moderate, and severe.
The test’s internal consistency was considered high, with
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coeflicients of 0.667, 0.808, and 0.568, respectively, for
the three dimensions [30].

Stress assessment

The stress levels of medical staff were assessed by the
Stress Overload Scale (SOS), which was developed by
Amirkhan [32]. The scale consists of 22 items organized
into two subscales: event load and personal vulnerability.
Participants are asked to rate each item on a five-point
scale ranging from 1 (never) to 5 (always). The total score
is the sum of all responses and ranges from 22 to 110.
Higher scores indicated greater stress overload. The Chi-
nese version of the SOS has been validated to be a reli-
able and valid instrument, with a Cronbach’s coefficient
of 0.936, an item content validity index (CVI) of 0.86, and
a CVI ranging from 0.80 to 0.86 for each dimension [33].

Data analyses

Statistical analyses were mostly conducted using R Statis-
tical Software version 4.2.1 (http://www.R-project.org).
The chi-square test, correlation analysis, and the crosstab
function of statistical software version 20.0 (SPSS, Inc.,
Somers, NY, USA) were used to describe the associations
between variables. The LASSO regression technique was
adopted to select the most informative features (i.e., fam-
ily structure, years of work experience, relaxation time,
and respiratory system sequelae) from the dataset using
the glmnet package (version 4.1-6). Moreover, one-hot
encoding was employed to process the data, facilitating
an investigation of potential associations between dif-
ferent classes of variables and each class of sleep after
LASSO regression. The nomogram was established using
the “rms” package (version 6.4-1) to incorporate and
visualize significant factors. The receiver operating char-
acteristic (ROC) curve and area under the curve (AUC)
were calculated to evaluate the performance of the estab-
lished nomogram model, and a calibration curve (1000
bootstrap resampling) was used to test the calibration
power. A two-tailed p value<0.05 was considered to indi-
cate statistical significance.

Results

Participant characteristics

The characteristics of the participants are presented in
Table 1. A total of 437 nurses were enrolled in this study.
Of these nurses, 402 (91.99%) were female, 93.36% had
a bachelor’s degree, 46% reported experiencing previ-
ous sleep problems and the mean age was 32.2 years [SD
7.15]. Among the nurses surveyed, 46.91% worked in
general wards, and 41.88% worked night shifts at least 5
times/month. Regarding family structure, the majority of
nurses (49.05%) were from nuclear families. Furthermore,
61.10% of the nurses indicated that they had extremely
intimate family relationship. Nurses who participated in
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Table 1 Demographic characteristics of the participants (n=437)

Variables Participants Variables Participants
Age(years) 3220+7.15

Gender Family structure

Male n (%) 35(8.01) Nuclear family n (%) 232(49.05)
Female n (%) 402(91.99) Extended family n (%) 187(42.79)
Family relationship Grandparent family n (%) 5(1.14)
Extremely intimate n (%) 267(61.10) Others n (%) 13(2.97)
Intimate n (%) 156(35.70) Education

General n (%) 14(3.20) Bachelor’s degree n (%) 408(93.36)
Years of work experience (years) Master's degree n (%) 29(6.64)
<5(%) 123(28.15) Overtime (hours)

6-10(%) 178(40.73) Normal commuting n (%) 210(48.05)
11-15(%) 63(14.42) <1n(%) 134(30.66)
16-19(%) 33(7.55) 1-2n (%) 69(15.79)
>20(%) 40(9.15) >2n (%) 24(5.49)
Marriage Night shift frequency

Single n (%) 115(26.31) NA (%) 88(20.14)
Cohabit n (%) 32(7.32) 1-2 /month n (%) 30(6.86)
Married n (%) 285(65.22) 3-4/month n (%) 136(31.12)
Divorced n (%) 5(1.14) 2 5/month n (%) 183(41.88)
Technical qualification Relaxation time

NA n (%) 32(7.32) Always n (%) 133(30.43)
Junior n (%) 220(50.34) Often n (%) 86(19.68)
Middle n (%) 142(32.49) Sometimes n (%) 102(23.34)
Senior n (%) 43(9.84) Rarely n (%) 83(18.99)
Department Never n (%) 33(7.55)
General ward (%) 205(46.91) Recovery time

Respiratory Medicine (%) 55(12.59) 8-12 weeks n (%) 371(84.90)
Intensive Care Unit (%) 94(21.51) more than 12 weeks n (%) 66(15.10)
Emergency department (%) 70(16.01) Sequela

The outpatient department (%) 13(2.97) NA (%) 116(26.54)
Sleep duration Respiratory n (%) 249(56.98)
<5hn (%) 73(16.70) Circulatory n (%) 55(12.59)
5-7hn (%) 138(31.58) Nervous n (%) 186(42.56)
27hn (%) 226(51.72) Others n (%) 30(6.86)
Previous sleep problems Execise

No n (%) 236(54.00) Scarcely n (%) 201(46.00)
Yes n (%) 201(46.00) Take a walk n (%) 184(42.11)
Department rotation 1-2 workouts/week n (%) 32(7.32)
Yes n (%) 47(10.76) 3-4 workouts/week n (%) 15(343)
No n (%) 390(89.24) 2 5workouts/week n (%) 5(1.14)
Attitudes toward COVID-19 Job Burnout

Anxiety n (%) 102(23.34) None n (%) 7(1.60)
Fear n (%) 8(1.83) Little n (%) 132(30.21)
Depressive n (%) 5(1.14) Some n (%) 256(58.58)
Worrying n (%) 170(38.90) Severely n (%) 42(9.61)
Nothing n (%) 152(34.78) Insomnia Severity Index (ISI)

Stress no insomnia n (%) 201(46.00)
None n (%) 278(63.62) sub-threshold insomnia n (%) 178(40.73)
Some n (%) 120(27.46) moderate insomnia n (%) 50(11.44)
Severely n (%) 39(8.92) severe insomnia n (%) 8(1.83)
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the survey exhibited varying levels of stress (mean score
54.536 [SD 16.275]) and job burnout (mean score 57.424
[SD 15.338]).

LASSO regression

LASSO regression analysis involved the selection of 29
categorical variables. The interpretation for 29 categori-
cal variables and the dummy variables were showed in
supplemental file- Table 2A. After some coefficients
were set to zero (dummy variables in Table 2). The 11
variables, including family structure, years of work expe-
rience, relaxation time, respiratory system sequelae, ner-
vous system sequelae, others sequelae, attitudes toward
COVID-19, sleep duration before infection, previous
sleep problems, stress, and job burnout, were inde-
pendently associated with insomnia. The results of the
LASSO regression after one-hot encoding were as fol-
lows: sequela (no nervous system) had the highest weight
(w=-0.27), followed by sleep duration before infection 3
(w=-0.221), previous sleep problems 0 (w= -0.182), stress
2 (w=0.128), job burnout 1 (w=-0.092), and stress 0 (w=
-0.076). The R2 value was 0.464. The AUC of the LASSO
regression was 0.866.

Factors associated with insomnia in nurses

The factors associated with insomnia in nurses are
shown in Fig. 1. According to the correlation analysis, the
strongest positive correlations were observed between
insomnia and the nervous system sequelae (r=0.52).
Other positive factors for insomnia included stress
(r=0.39), job burnout (r=0.34), previous sleep problems
(r=0.37), years of work experience (r=0.10), relaxation
time (r=0.18), respiratory sequelae (r=0.14), circulatory
sequelae (r=0.16), and others sequelae (r=0.09). More-
over, negative correlations were detected between sleep
outcomes and attitudes toward COVID-19 (r=-0.17) and
sleep duration before infection (r=-0.43).

Construction and verification of the nomogram

To further analyze the prognostic value of the risk fac-
tors, we established a nomogram model that incor-
porated all significant factors identified in the LASSO
regression (Fig. 2). All the prediction parameters had cor-
responding accurate values in the nomogram model. The
aforementioned values were added together and placed
on the total score scale to calculate the risk of insomnia.
The ROC curves of the nomogram model showed accept-
able values for predicting different degrees of insom-
nia: sleep 0 (AUC=0.892), sleep 1 (AUC=0.772), sleep
2 (AUC=0.865) , and sleep 3 (AUC=0.974) (Fig. 3). In
addition, calibration curves showed acceptable antici-
pated and observed probabilities of insomnia (Fig. 4).
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Discussion

The present study is the first to investigate the preva-
lence of insomnia among nurses with long COVID-19.
54% of the nurses had insomnia, including 1.83% with
severe insomnia and 11.44% with moderate insomnia. A
meta-analysis that included 401 studies involving 458,754
participants across 58 countries reported that women
working in high-risk units and those providing direct
care had significantly greater odds of having insomnia
during the COVID-19 pandemic [34]. In the present
study, 91.99% of the participants were female, and they
provided direct care experienced lingering effects of the
infection, including respiratory, cardiac, cutaneous, and
nervous system sequelae, and had a high risk of insomnia.

Our study also revealed that among the nurses with
long COVID-19, 42.56% reported nervous system symp-
toms, which showed the strongest positive correlation
between sleep outcomes and insomnia in this popula-
tion. Pulmonary dysfunction leading to poor oxygenation
of the brain may explain the presence of encephalopathy
and sleep disorders in COVID-19 patients [35]. A retro-
spective study revealed that COVID-19 causes neuro-
logical injury and neurogenic diseases, such as fatigue
(58%), headache (44%), and attention disorders (27%)
[36]. Although several hypotheses have been proposed in
the literature, the underlying pathophysiological mecha-
nism of many of these disorders remains unclear. Cough
and dyspnea are the most commonly reported pulmo-
nary sequelae of long COVID-19 or persistent COVID-
19 after infection [10-12], and these symptoms were
also observed in the present study. Cough and dyspnea
can interrupt continuous sleep states, which has a great
impact on sleep quality. Our results highlighted that
respiratory complications were an independent risk fac-
tor affecting sleep outcomes.

LASSO regression analysis revealed that no stress
(w= -0.076) was a protective factor for nurses. In con-
trast, stress was a risk factor for insomnia. It is widely
accepted that higher levels of stress in medical workers
directly and significantly reduce their self-efficacy and
sleep quality [37]. Previous studies have revealed enor-
mous psychological burdens and psychological barriers
among medical staff working in high-stress and high-
risk epidemic environments [38]. Stress has the potential
to augment the activity of excitatory neural pathways,
including the sympathetic nervous system, leading to a
persistent state of heightened physiological arousal [39].
This elevated state of arousal may consequently have a
detrimental impact on sleep quality, incite inflammatory
responses, and potentially disrupt the normal function-
ing of the nervous system.

The nurses with long COVID-19 in our study had
stress(36.38%)and job burnout (98.4%), which is consis-
tent with the high stress and burnout scores of in other
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Table 2 The variable weight of the Lasso regression of dummy variables (n=437). A the interpretation for 29 categorical variables and
the dummy variables (n=437)

Variable (Categorical) Power Interpretation Participants
Family 2 -0.042 Extended family 187
Years of work experience 4 0.004 16-19 years 33
Relaxation time 1 -0.044 Always 133
Relaxation time 3 0.008 Sometimes 102
Sequela (Respiratory) 0 -0.022 No respiratory system Sequela 188
Sequela (Nervous) 0 -0.27 No nervous system Sequela 251
Sequela (others) 0 -0.023 No others Sequela 407
Attitudes toward COVID-19 3 0.019 Depressive 5
Attitudes toward COVID-19 5 -0.026 Nothing 152
Sleep duration 3 -0.221 27h 226
Previous sleep problems 0 -0.182 No previous sleep problems 236
Stress O -0.076 No Stress 278
Stress 2 0.128 Severely Stress 120
Job Burnout 0 -0.092 No Job Burnout 7
Variable (Categorical) Interpretation Participants
Gender Gender 1 Male 35
Gender 2 Female 402
Age Age 0 <40 385
Age 1 >40 52
Marriage Marriage 1 Single 115
Marriage 2 Cohabit 32
Marriage 3 Married 285
Marriage 4 Divorced 5
Family structure Family 1 Nuclear family 232
Family 2 Extended family 187
Family 3 Grandparent family 5
Family 4 Others 13
Family relationship Relationship 1 Extremely intimate 267
Relationship 2 Intimate 156
Relationship 3 General 14
Education Education 1 Bachelor’s degree 408
Education 2 Master's degree 29
Relation with hospital Relation 0 Contract 129
Relation 1 In system 308
Staff Style Style 0 Support crew 39
Style 1 On first-line clinical 398
Years of work experience Work Experience 1 <5 123
Work Experience 2 6-10 178
Work Experience 3 11-15 63
Work Experience 4 16-19 33
Work Experience 5 >20 40
Department Department 1 General Ward 205
Department 2 Respiratory Medicine 55
Department 3 Intensive Care Unit 94
Department 4 Emergency Department 70
Department 5 The outpatient department 13
Rotation Rotation 0 No 390
Rotation 1 Yes 47
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Table 2 (continued)
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Variable (Categorical)

Interpretation

Participants

Relaxation time

Technical qualification

Exercise

Overtime

Night shift frequency

Doctor-patient relationship

Contradiction with patient

Sequela (Respiratory)

Sequela (Circulatory)

Sequela (Nervous)

Sequela (Others)

Recovered time

Attitude towards COVID-19

Sleep duration

Previous sleep problems

Stress

Relaxation time 1
Relaxation time 2
Relaxation time 3
Relaxation time 4
Relaxation time 5
Technical qualification 1
Technical qualification 2
Technical qualification 3
Technical qualification 4
Exercise 1

Exercise 2

Exercise 3

Exercise 4

Exercise 5

Overtime 1

Overtime 2

Overtime 3

Overtime 4

Night Shift Frequency 0
Night Shift Frequency 1
Night Shift Frequency 2
Night Shift Frequency 3
Relationship 1
Relationship 2
Relationship 3
Relationship 4
Relationship 5
Contradiction 0
Contradiction 1
Respiratory Sequela 0
Respiratory Sequela 1
Circulatory Sequela 0
Circulatory Sequela 1
Nervous Sequela 0
Nervous Sequela 1
Others Sequela 0
Others Sequela 1
Recovered time 1
Recovered time 2
Attitude 1

Attitude 2

Attitude 3

Attitude 4

Attitude 5

Sleep Time 1

Sleep Time 2

Sleep Time 3

Previous Sleep Problems O
Previous Sleep Problems 1
Stress O

Stress 1

Stress 2

Always

Often

Sometimes

Rarely

Never

NA

Junior

Middle

Senior

Scarcely

Take a walk

1-2 workouts/week
3-4 workouts/week
2 5 workouts/week

Normal commuting hour

<1h

1-2h

>2h

NA

1-2/month
3-4/month

2 5/month
Bad

Worse than before
Same as before
More harmonious
Harmonious
No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

8-12 weeks
more than 12 weeks
Anxiety

Fear
Depressive
Worrying
Nothing

<5h

5-7h

>7h

No

Yes

None

Some

Severely

133
86
102
83
33
32
220
142
43
201
184
32
15

210
134
69
24
88
30
136
183

53
303
56
19
45
392
188
249
382
55
251
186
407
30
371
66
102

170
152
73

138
226
236
201
278
120
39
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Table 2 (continued)
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Variable (Categorical)

Interpretation Participants

Job Burnout Job Burnout 0 None 7
Job Burnout 1 Little 132
Job Burnout 2 Some 256
Job Burnout 3 Severely 42
Insomnia Severity Index (ISI) Sleep 0 No insomnia 201
Sleep 1 Sub-threshold insomnia 178
Sleep 2 Moderate insomnia 50
Sleep 3 Severe insomnia 8
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Fig. 1 Correlation factors among the nurses in insomnia

studies among medical staff [40]. As the main force in
the fight against the pandemic, medical staff, as identified
high-risk groups, face significant stress and burnout and
may be more prone to physical and mental problems than
the general public [41, 42]. Moreover, the majority of
the participants were female, and previous studies have

highlighted an association between stress and job burn-
out in women, who are impacted more than men across
multiple outcomes, including insomnia [34].

Family structure was another factor included in the
nomogram, and an extended family structure can be
regarded as a positive factor for sleep outcomes, perhaps
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Fig. 2 An individualized nomogram model to describe the risk of insomnia in nurses

Eleven variables were selected based on the results of the LASSO analysis. The R package “rms”was utilized to construct the prediction model of the post
coronavirus insomnia nomogram. The factors with significant differences are indicated by asterisks. Points are assigned for each risk factor by drawing a
line upward from the corresponding values to the ‘point’line. The total points are the sum of the points obtained for the four risk factors and are plotted
on the ‘total points'line. The first row is taken as the observation data; that is, all risk factor points are calculated to have 563 risk scores corresponding to

arisk of 3.33

due to the additional support that the extended fam-
ily can provide. When facing health crises, people are
likely to turn to their family members for practical and
emotional support. Especially in China, the family holds
particular significance, and has traditionally occupied a
central role in cultural life [43]. During public health cri-
ses such as the COVID-19 pandemic, a supportive fam-
ily environment is particularly crucial because it serves as
a psychological buffer against stress and challenges [44].
A study during the pandemic including 150 participants
reported that family support among nursing staff did
not directly influence rates of sleep disturbances but fol-
lowed an indirect pathway via stress [45]. Conceivably, in
extended families, there are more family members who
can provide practical and emotional support or create

a supportive family environment for nurses, which may
improve their insomnia.

The present study had notable limitations that should
be acknowledged. First, the lack of involvement of mul-
tiple medical centers could limit the wider applicability of
the findings. Including a more diverse sample from vari-
ous centers would enhance the credibility and relevance
of the outcomes. In addition, 91.99% of the participants
in this study were female, which is consistent with the
proportion of female nurses in China. To enhance the
accuracy of the findings, future research should aim to
compare the differences between nurses of different gen-
ders in the samples studied and focus on incorporating a
broader range of healthcare facilities. Second, despite the
broad spectrum of parameters analyzed and the accept-
able performance of the assessments, we recognize that
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Fig. 3 ROC curve of the nomogram model for assessing the quality of sleep in nurses with insomnia
The ROC curve of the models, X-axis: specificity, Y-axis: sensitivity. The AUCs of the models were as follows: sleep score 0 (AUC=0.892), sleep score 1
(AUC=0.772), sleep score 2 (AUC=0.865), and sleep score 3 (AUC=0.974). This figure was drawn using R software version 4.2.1 http://www.R-project.org

additional potentially relevant variables, such as pharma-
cological treatments and depression and anxiety scores,
merit future consideration.

Conclusion
Taken together, our study focused on insomnia among
nurses with long COVID-19 and we found there are 11
risk factors related. The nomogram model based on
LASSO regression was established to illustrate and visu-
alize these factors.

Given the inherent limitations of cross-sectional study,
further research are indispensable to verify the causal-
ity of this association. Despite several limitations, there

is sufficient evidence in this study to show that the
nurses suffering from insomnia who underwent the long
COVID-19 is high incidence. These findings highlight the
need for a targeted measure to improve sleep status of
nurses who underwent the long COVID-19.
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displaying the observed performance of the nomogram
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