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Abstract N\
The 2019 coronavirus disease (COVID-19) has spread to the whole world. Psychological and sleep problems among confirmed |
patients have drawn extensive attention which may be highly related to immune function and inflammatory responses of people. The
aim of this study is to examine the correlation of mental health status, sleep quality, and inflammatory markers, virus negative
conversion time (NCT) among confirmed patients during the COVID-19 outbreak.

A cross-sectional survey was conducted in this study. Data from 66 patients assessed with demographic information, anxious
symptom, depressive symptom, stress, and sleep quality were collected using a smartphone-based questionnaire platform and then
clinical characteristics and laboratory indicators were collected using case review.

Nearly 30% of the participants reported depression, anxiety, perceived pressure, and poor sleep quality. Compared with the group
without depression, neutrophil count, and ratio of neutrophil count to lymphocyte count (NLR) in the depression disorder group were
increased (P=.028, 0.043). There was also a significant difference in NLR and NCT between the anxiety group and the non-anxiety
group (P=.021, .024). Similarly, compared with the good sleep quality group, NLR in the poor sleep quality group was increased
(P=.011). Correlation analysis indicated that Self-Rating Depression Scale score was positively related to neutrophil count and NLR
(r=0.366, 0.330, P=.016, .031). The total score of Pittsburgh Sleep Quality Index (PSQI) was negatively related to lymphocyte count
r=-0.317, P=.049), and the sleep disturbance as 1 of the 7 dimensions of PSQI scale was positively correlated with NCT and NLR
(r=0.370, 0.340, P=.020, .034).

In our study, confirmed patients were prone to have psychological and sleep problems. The level of inflammation in patients with
psychological and sleep problems was higher than that in patients without corresponding problems. The inflammatory level
increased with the increase of Self-Rating Depression Scale score, and the lymphocyte count decreased with the increase of the
PSQI score. NCT was prolonged in the anxiety group and sleep disturbance was positively correlated with NCT.

Abbreviations: 2019-nCoV = 2019 Novel Coronavirus, COVID-19 = Coronavirus Disease 2019, CPSS = Chinese Perceived
Stress Scale, NCT = coronavirus negative conversion time, NLR = neutrophil/lymphocyte ratio, PSQI = Pittsburgh Sleep Quality
Index, SARS = Severe Acute Respiratory Syndrome, SAS = Self-Rating Anxiety Scale, SDS = Self-Rating Depression Scale.
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1. Introduction

The 2019 novel coronavirus (2019-nCoV) was first reported in
late December 2019, originating from Wuhan in Hubei Province,
China. Then, 2019-nCoV pneumonia broke out in Hubei
province and started to spread throughout China in January,
2020. On January 30, 2020, the World Health Organization
declared the 2019-nCoV outbreak as a public health emergency
of international concern and subsequently named 2019 corona-
virus disease (COVID-19). The 2019-nCoV is a beta-coronavi-
rus, like severe acute respiratory syndrome (SARS) and middle
east respiratory syndrome, presenting as viral pneumonia with
acute respiratory tract infection, which is infectious strongly."!
To lower the risk of further disease transmission, a range of
measures have been urgently adopted in many countries such as
reducing travel, closing restaurants and entertainment venues,
early identification and isolation of suspected and diagnosed
cases, tracing and monitoring of the persons who have contacted
the infected person, and collecting biological samples from
patients. However, as the infectivity and harmfulness of the virus
increase, and the unpredictability of the situation and the
uncertainty of when the disease can be controlled have made
negative emotions spread. A large number of people feel helpless,
fearful, anxious, and depressed.!”!

Although studies on the general mental health status and sleep
quality of COVID-19 patients during the novel coronavirus
epidemic were not much, high detection rates of depression,
anxiety, post-traumatic stress disorder, and sleep problems
among COVID-19 patients have been found, the same situation
that has been observed among SARS survivors during the SARS
epidemic.’®! Studies reported that the prevalence of COVID-19
patients with anxiety and/or depression was 10.8 % to 43.1%, the
prevalence of post-traumatic stress disorder was above 10%, and
nearly 30% of the patients suffered from sleep problems.[¢~'"
These findings indicate that the mental status and sleep quality of
the confirmed patients and the impaction of the virus disease to
mental status should not be ignored.

Additionally, according to previous studies, mental health status
and sleep quality may be highly related to the physiological state of
people. It was well documented in animal and human researches
that the immune system responds acutely to psychological stress,
mental disorder, and sleep deprivation, such as lymphocyte and red
blood cells decrease, number and proportion of T cell and B cell
changes. In addition, the mental disorder and decreased sleep
quality can also lead to inflammatory activation, such as IL-6,
CRP, white blood cells, and neutrophils increasing. These changes
in the physiological state may increase the susceptibility to infection
and increase disease risk and shape disease course.""'*! Regarding
the influence of physical conditions on the process of disease
recovery, studies have found that the increased ratio of neutrophils
and CD4+ lymphocytes among COVID-19 patients was related to
the longer coronavirus negative conversion time (NCT), and the
NCT of 2019-nCoV was essential in the recovery and discharge
criteria.!'3 Therefore, mental disorders and sleep problems may
prolong the disease recovery process by influencing immune
function and level of inflammation. It seems that in addition to the
efforts at various levels to prevent the spread of the disease, special
attention should be given to mental disorders and sleep quality
which may further affect the physiological state and recovery
process.

Since January, 2020, the National Health Commission of
China has published several guideline documents for people
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affected by COVID-19."" To date, a number of COVID-19
epidemic-related mental health studies have been published.*>~
'8 But based on our understanding, little researches explore the
correlation between psychological response and the level of
inflammation, the recovery process among confirmed patients
during the outbreak of severe infectious disease. Therefore, the
aim of this study is to examine the correlation of mental health
status, sleep quality, and inflammatory markers, NCT (1 of the
essential indicators of recovery) among patients with confirmed
2019-nCoV, so as to remind healthcare professionals to pay more
attention to the physical state of patients with psychological and
sleep problems, and timely give further psychological interven-
tion to promote disease recovery.

2. Methods
2.1. Study design and participants

An online cross-sectional survey was conducted among patients
confirmed with 2019-nCoV during the COVID-19 pandemic
from February 21 to March 6, 2020. Patients were recruited from
Hong Shan Stadium Mobile Cabin Hospital, Huoshenshan
Hospital, and Leishenshan Hospital in Wuhan, China, which
were the designated hospitals for COVID-19, and our doctors
were dispatched to take charge of 1 section in each hospital.
Patients were enrolled by voluntarily adding our We Chat mini-
program on a smartphone and data were collected by the
smartphone-based questionnaire program. Inclusion criteria
included: (1) The patients who met the diagnostic criteria of
“Diagnosis and Treatment Scheme for Pneumonia Infected by
Novel Coronavirus (Trial 6th Edition)” issued by the National
Health and Health Commission. (2) The patients’ physical
condition was relatively stable and capable of understanding the
content of the assessment and providing written informed
consent. Exclusion criteria included: (1) The patients who did not
complete a basic socio-demographic questionnaire or any test. (2)
The patients diagnosed with cancer or blood system diseases. A
total of 93 confirmed patients responded, and 22 of them did not
complete any test. Four of the respondents answered the
questionnaire twice in a short period of time and 1 of them
failed to complete the socio-demographic questionnaire, and thus
only the 66 confirmed patients met the study criteria.

2.2. Ethical statement

The study was approved by the First Affiliated Hospital of China
Medical University Ethics Committee and electronic informed
consent was obtained from patients involved before completed
the online questionnaire and test.

2.3. Measurements and data collection

Socio-demographic data were collected on age, gender, educa-
tion, marital status, children, annual income, and so on.
Psychiatric status was evaluated by the Self-Rating Depression
Scale (SDS) and the Self-Rating Anxiety Scale (SAS) which are
self-administered scales, consisting of 20 items in each scale. Each
item scored from 1 to 4. The boundary values of depression are as
follows: 0-52, normal; 53-62, mild; 63-72, moderate; and above
73, severe.'”! The boundary values of anxiety are as follows: 0-
49, normal; 50-59, mild; 60-69, moderate; and above 70,
severe.?%! Sleep quality was evaluated by the Pittsburgh Sleep
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Quality Index (PSQI) — Chinese version.””" The PSQI total score
ranges from 0 to 21, with the score of >7 considered as “having
poor sleep quality.”*?! Perceived stress was evaluated by the
Chinese Perceived Stress Scale. There are 14 items in total and
each item is rated on a 5-point Likert-type scale (0=never, 1=
almost never, 2 =sometimes, 3 =fairly often, and 4 =very often).
A higher score indicates a higher level of perceived stress.!*!

Clinical characteristics, inflammatory markers, and NCT were
collected after completing the test through medical records that
could be found by referring to accurate information filled by
patients on the questionnaire platform. Clinical characteristics
included fever, cough, shortness of breath, and pulmonary
infiltration which were signs related manifestations of inflamma-
tory. Inflammatory markers included white blood cell, neutrophil
count, lymphocyte count, and neutrophil/lymphocyte ratio
(NLR). Chest computed tomography and inflammatory markers
were the latest results before the questionnaire survey. NCT was
defined as the interval between symptom onset and the first of 2
consecutive negative virus tests.!'!

2.4. Data analysis

The SPSS program Version 26.0 was used to analyze data. The
demographic data of the respondents were summarized using
descriptive statistics expressed in terms of number and percentage
(%). Normal distribution of continuous variables was tested by
Kolmogorow-Smirnov test. Data conforming to the normal
distribution were expressed as x=+s, while the measurement data
not conforming to the normal distribution was expressed as median
and quartile intervals. Categorical variables were expressed as the
frequency (%). Clinical characteristics were categorical variables,
and Chi-square tests and Fisher exact test (used to sample size <40)
were used to detect group differences. Inflammatory markers and
NCT were continuous variables. The Mann—Whitney U tests were
used to analyze continuous and abnormal distributed variables of
inflammatory markers and NCT between the patients with and
without mental disorders and sleep problems. Independent sample
T test was used to analyze continuous and normal distributed
variables of inflammatory markers between the patients with and
without mental disorders and sleep problems. Pearson correlation
analysis and Spearman rank correlation analysis were utilized to
examine the relationship of mental health status, sleep quality, and
laboratory data in confirmed patients. Significant level was set as
P <.05 for all tests (2-sided).

3. Results

The current sample was consisted of 66 confirmed patients, with
9 mild cases, 51 common cases, 3 severe cases, and 3 critical cases
based on the admission diagnosis. Clinical characteristics and
laboratory data of 48 patients were collected via medical records.

Table 1 showed sample characteristics. Among the 66
participants, 38 were women and 28 were men. The ages of
the participants ranged from 17 to 79 years old, with an average
age of 46.11. Most of the confirmed patients were aged >40 years
old, accounting for 72.7%. The majority of the participants were
with high school degree and below (51.5%), married (86.4%),
had 1 child (59.1%), living with family members (92.4%), with a
household size of more than 3 persons (65.2%), and in a good
interpersonal relationship (92.4%). A 39.4% of the participants
needed psychological counseling. There were 27.6% and 22.7%
of the confirmed patients with depressive symptoms and anxious

www.md-journal.com

Sample characteristics.

Variables Percent (%) (N=66)
Age (years) >40 8 (72.7%)
Female 8 (57.6%)
High school and below 34 (51.5%)
Married 7 (86.4%)
Children
No children 13 (19.7%)
One child 39 (59.1%)
More than 2 children 14 (21.2%)
Annual income >50,000 RMB 33 (50%)
Living with family 61 (92.4%)
Household size >3 43 (65.2%)
Good interpersonal relationship 61 (92.4%)
Need psychological counseling 26 (39.4%)
Current smoker 12 (18.2%)
Current drinker 6 (24.2%)
Depression (SDS measurement) 16/58 (27.6%)
Mild 13 (22.4%)
Moderate 2 (3.4%)
Severe 1(1.7%)
Anxiety (SAS measurement) 15/66 (22.7%)
Mild 11 (16.7%)
Moderate 3 (4.5%)
Severe 1 (1.5%)
Perceived stress (CPSS measurement) 14/50 (28%)
Poor Sleep quality (PSQI measurement) 13/51 (25.5%)

The boundary values of depression are as follows: 0-52, normal; 53-62, mild; 63—72, moderate; and
above 73, severe.

The boundary values of anxiety are as follows: 0-49, normal; 50-59, mild; 60—-69, moderate; and
above 70, severe.

Stress was defined as the Chinese Perceived Stress Scale (CPSS) >26.

Poor sleep quality was defined as Pittsburgh Sleep Quality Index (PSQl) >7.

CPSS=Chinese Perceived Stress Scale, PSQl=Pittsburgh Sleep Quality Index, SAS = Self-Rating
Anxiety Scale, SDS = Self-Rating Depression Scale.

symptoms, respectively, and most of them reported mild mental
disorders. A 28% of the participants felt stressed; 25.5% of the
participants were reported suffering from sleep problems. Sleep
problems mainly manifested poor subjective sleep quality
(90.2%), increased sleep disturbance (92.2%), and more daytime
dysfunction (78.4%) (Table 2).

Table 3 showed clinical characteristics of the patients with and
without mental disorders and sleep problems. Fever (62.5%) and
cough (47.9%) were the common symptoms in the 48 patients for
whom clinical and laboratory data were available. Shortness of
breath (20.8%) was a less common symptom in these patients.
Pulmonary infiltration was present in more than half of the
patients (52.1%). However, there was no significant difference in
these clinical manifestations of inflammation between the
patients with mental disorders and sleep problems and those
without mental disorders and sleep problems.

Table 4 showed a comparison of inflammatory markers and
NCT between the patients with and without mental disorders and
sleep problems. Independent sample T test and the non-
parametric Mann—Whitney U test were used to compare the
laboratory data between the patients with and without mental
disorders and sleep problems from 48 patients. There was a
difference in neutrophil count and NLR between the depression
group and the non-depression group, and the difference was
statistically significant (P=.028, .043). Compared with the non-
depression group, neutrophil count and NLR increased in the
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Table 2
Percentages and types of symptoms of sleep problems.
Longer Decreased Decreased Increased Usage
Poor subjective sleep sleep sleep sleep of sleep Daytime

sleep quality latency continuity efficiency disturbance medication dysfunction
Yes 46 (90.2%) 9 (17.6%) 6 (11.8%) 3 (5.9%) 47 (92.2%) 9 (17.6%) 40 (78.4%)
No 5 (9.8%) 42 (82.4%) 45 (88.2%) 48 (94.1%) 4 (7.8%) 42 (82.4%) 11 (21.6%)

Clinical characteristics of the patients with and without mental disorders and sleep problems.
Anxiety (N=48)

Depression (N=43) Perceived stress (N=238) Sleep quality (N=39)

All Absent  Present Absent  Present Absent  Present Good Poor
Variables (N=48) (n=34) (n=9) b P (n=40) (n=8) 2 P (n=28) (n=10) P (n=29) (n=10) P
Fever 30 (62.5%) 21 (61.8%) 6 (66.7%) 0.000 1.000 25 (62.5%) 5 (62.5%) 0.000 1.000 19 (67.9%) 4 (40.0%) .150 19 (65.5%) 5 (50.0%) .463
Cough 23 (47.9%) 16 (47.1%) 4 (44.4%) 0.000 1.000 19 (47.5%) 4 (50.0%) 0.000 1.000 13 (46.4%) 6 (60.0%) .714 14 (48.3%) 5 (50.6%) 1.000
Shortness of 10 (20.8%) 9 (26.5%) 0 (0.0%) 1.626 .202 9 (22.5%) 1 (12.5%) 0.025 .874 5(17.9%) 1 (10.0%) 1.000 6 (20.7%) 0 (0.0%)  .308
breath
Chest CT with 25 (52.1%) 17 (50.0%) 5 (55.6%) 0.000 1.000 22 (55.0%) 3 (37.5%) 0.267 .605 12 (42.9%) 7 (70.0%) .269 14 (48.3%) 5 (50.0%) 1.000
infiltration

N is the total number of patients with available data. The counting data were expressed as the frequency (%) and p values comparing patients with and without mental disorders and sleep problems were from x2
test, Fisher exact test (simple size <40).

Depressive disorder was defined as Self-Rating Depression Scale (SDS) >53; anxiety disorder was defined as Self-Rating Anxiety Scale (SAS) >50; stress was defined as Chinese Perceived Stress Scale (CPSS)
>26. Poor sleep quality was defined as Pittsburgh Sleep Quality Index (PSQl) >7.

depression group. There was a difference in NCT and NLR
between the anxiety group and the non-anxiety group, and the
difference was statistically significant (P=.024,.021). Compared
with the non-anxiety group, NLR increased and NCT was
prolonged in the anxiety group. Compared with the good sleep
quality group, NLR also increased in the poor sleep quality
group, and the difference was statistically significant (P=.011).
There was no significant difference between the 2 groups with
and without perceived stress.

The correlation analysis results of the mental health status
score, sleep quality score, inflammation markers, and NCT
were shown in Tables 5 and 6. SDS score was positively
associated with neutrophil count and NLR (r=0.366, 0.330,
P=.016, .031). The total score of PSQI was negatively related
to lymphocyte count (r=-0.317, P=.049), and the sleep
disturbance as 1 of the 7 dimensions of the PSQI scale was
positively correlated with NCT and NLR (r=0.370, 0.340,
P=.020, .034).

Comparison of laboratory parameters between the patients with and without mental disorders and sleep problems.

Depression Anxiety Perceived stress Sleep quality
Absent Present P Absent Present P Absent Present P Good Poor
Variables X+s X+s X+s X+s X+s X+s X+s X+s P
NCT" 12.50 15.00 .355 11.50 18.00 024 13.00 12.5 .638 12 17.00 157
(0.00-20.25)  (5.00-25.00) (0.00-17.00)  (15.00-24.0) (0.00-21.00)  (0.00-17.75) (0.00-20.50)  (9.75-23.75)
WBCx10%L 5.14+118 6.02+1.22 054 541+141 539+1.10 967 530+1.27 524+142 907 527+1.22 530+149 .95
NET x 109/L 2.91 3.34 028 3.08+093 344+099 326 3.07+089 3.09+1.06 940 298+0.77 3.36+125 .263
(2.36-3.44)"  (3.22-4.69)
LY* x 109/L 1.61 1.67 77 1.79 1.49 154 1.64 1.62 .987 1.63 1.41 074
(1.39-2.02)  (1.33-2.21) (1.40-2.33)  (1.31-1.80) (1.38-2.06)  (1.37-2.07) (1.40-2.17)  (1.24-1.78)
NLR® 1.74+£052  2.22+091 .043 1.63 2.01 021 1.83+066 1.84+062 962 1.69+051 2.28+0.81 .011
(1.35-2.04°  (1.85-2.30)

Data conforming to the normal distribution were expressed as x= s, while the measurement data not conforming to the normal distribution was expressed as median and quartile intervals. The Mann—Whitney U
tests were used to analyze abnormal distributed variables. Independent sample T test was used to analyze normal distributed variables.

Depressive disorder was defined as Self-Rating Depression Scale (SDS) >53; anxiety disorder was defined as Self-Rating Anxiety Scale (SAS) >50; stress was defined as Chinese Perceived Stress Scale (CPSS)
>26. Poor sleep quality was defined as Pittsburgh Sleep Quality Index (PSQl) >7.

LY=Iymphcyte, NCT=virus negative conversion time, NE= neutrophile, NLR =ratio of neutrophile count to lymphocyte count, WBC=white blood cell.

“NCT was defined as the interval between symptom onset and the first of 2 consecutive negative virus tests. It did not conform to the normal distribution.

The neutrophile of depressive and non-depressive groups did not conform to the normal distribution.

The lymphocyte count did not conform to the normal distribution.

5The NLR of anxious and non-anxious groups did not conform to the normal distribution.
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Correlation analysis between mental health scores and laboratory parameters.

NCT WBC x 10°/L NE x 10%L LY x 10%/L NLR
Variables r P r P r P r P r P
SDS -0.007 1963 0.245 113 0.366 016 —0.018 907 0.330 031
SAS 0.193 189 0.103 487 0.207 158 —0.138 351 0.283 052
CPSS —0.084 617 0.202 223 0.235 155 0.094 576 0.108 518
Mean 11.92 5.41 3.14 1.82 1.81
SD - 1.355 0.937 - 0.622
Minimum 0 3.27 1.43 0.97 0.76
Maximum 29 8.96 5.54 3.44 4.23

NCT, lymphocyte count and SAS did not conform to the normal distribution. Spearman correlation tests were used to analyze abnormal distributed variables and Pearson correlation analysis were used to analyze

normal distributed variables.

CPSS = Chinese Perceived Stress Scale, LY =lymphcyte, NCT =virus negative conversion time, NE =neutrophile, NLR =ratio of neutrophile count to lymphocyte count, SAS = Self-Rating Anxiety Scale, SDS=

Self-Rating Depression Scale, WBC = white blood cell.

4. Discussion

In relation to the recent global outbreak of COVID-19, most of
the researches mainly focus on identifying the epidemiology and
clinical characteristics of infected patients and the genomic
characterization of the virus.!"**%! Little research data has been
obtained about the mental health status and sleep quality of those
confirmed with 2019-nCoV, especially the relationship of mental
health, sleep quality, and physiological state is still unclear.!*®! In
our study, the main results are as follows: (1) Nearly one-third of
the participants reported depressive symptoms, anxious symp-
toms, perceived pressure, and poor sleep quality. (2) Fever,
cough, and pulmonary infiltration were the common symptoms
and signs in the confirmed patients. (3) The level of inflammation
in patients with mood disorders and poor sleep quality was
higher than that in patients without corresponding problems.
Compared with the non-anxiety group, NCT was prolonged in
the anxiety group. (4) SDS score was positively related to
neutrophil count and NLR. The total score of PSQI was
negatively related to lymphocyte count and the sleep disturbance
score as 1 of the 7 dimensions of the PSQI scale was positively
correlated with NCT and NLR.

Our findings suggested that nearly 30% of the participants
reported depressive symptoms, anxious symptoms, perceived
pressure, and poor sleep quality. Nearly 40% of the patients
needed psychological counseling. Our results are similar to those
in previous studies about COVID-19. During the SARS epidemic,
10%-35% of SARS survivors continued to suffer from anxiety,

depression, and post-traumatic stress disorder 1 month or more
after discharge. ?77% A 4-years follow-up study has shown that
mental health problems in SARS survivors, such as post-
traumatic stress disorder could still be detected even after a long
time."®!! Therefore, we can predict that the outbreak of COVID-
19 may also cause persistent psychological impact among
confirmed patients. Based on the above findings, confirmed
COVID-19 patients are prone to have mood and sleep quality
problems, which may exist for a long time, and many confirmed
patients have psychological counseling needs. Thus, timely and
appropriate psychological intervention is very necessary for
COVID-19 patients.

In our study, we collected clinical and laboratory data related
to inflammation. Consistent with previous findings, we also
found that fever, cough, and pulmonary infiltration were the
common symptoms and signs in the confirmed patients.!'>>*!
Shortness of breath was a less common symptom, which may be
due to the fact that most of the patients in our study were mild
and common cases. There was no significant difference in these
clinical manifestations of inflammation between the patients with
and without mental disorders and sleep problems. This may be
because most of the patients with psychological problems
reported mild mental disorders. But we found some significant
results in the laboratory indicators.

In our study, there was a difference in neutrophil count and/or
NLR between the mental disorder group and those without
corresponding problems. SDS score was positively related to
neutrophil count and NLR. The correlation coefficient between

Correlation analysis between Pittsburgh Sleep Quality Index score and laboratory parameters.

NCT WBC x 10°/L NE x 10%/L LY x 10%/L NLR

Variables r P r P r P r P r P

Total score 0.076 .644 -0.110 504 —0.014 .934 -0.317 049 0.310 .055
Subjective sleep quality 0.112 498 0.026 876 0.054 743 -0.219 180 0.287 .076
Sleep latency 0.104 528 0.088 594 0.162 .326 —0.045 785 0.225 .169
Sleep continuity —0.265 103 —0.159 333 —0.163 .321 —0.010 950 —0.022 .892
Sleep efficiency —0.248 128 —0.228 163 —0.239 143 —0.107 515 —0.004 .983
Sleep disturbance 0.370 .020 0.104 530 0.204 213 —0.197 229 0.340 .034
Using sleep medication 0.003 .983 0.100 544 0.068 .683 0.097 559 —0.105 526
Daytime dysfunction 0.295 .068 —0.159 334 —0.008 .962 —0.308 .057 0.222 175

Pittsburgh Sleep Quality Index score did not conform to the normal distribution. Spearman correlation tests were used to analyze variables.
LY=Ilymphcyte, NCT=virus negative conversion time, NE=neutrophile, NLR =ratio of neutrophile count to lymphocyte count, WBC = white blood cell.
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SAS and NLR was 0.283, with a P value of .052, which was close
to .05. Regarding the relationship between mental health status
and laboratory parameters, as early as 1981, Ader reviewed the
evidence for a complex interaction between the brain and the
immune system. Numerous studies have supported the idea that
emotional, psychological, or physical stress can impair immune
function and trigger inflammatory responses, and that a large
proportion of patients with depression or anxiety-related
disorders (eg, generalized anxiety disorder and panic disorder)
exhibit elevated inflammatory markers.*=%! The mechanism
may be that the inflammatory changes are linked to the activation
of the hypothalamic-corticotropin-releasing hormone system.
Activation of the hypothalamic-corticotropin-releasing hormone
system leads to the release of norepinephrine, which in turn
stimulates the production of IL-6 and stimulates the acute phase
reactive protein to produce a significant pro-inflammatory
effect.®”*8! Neutrophils are known to be the most abundant
type of leukocytes and the first cells responding to inflammation.
Neutrophils play an important role in the pathogenesis of
inflammatory diseases. Elevated neutrophils secreted large
amounts of cytokines to modulate immune responses. In patients
with severe infections, the neutrophil level was significantly
elevated, inducing a cytokine storm, which ultimately led to
organ injury.??**13I NLR is the ratio of the neutrophil count to
lymphocyte count, and is considered to be a marker for assessing
progression and prognosis in patients with inflammation and
tumor, while increased NLR indicates a poor prognosis./*!*!
Recent studies reported that NLR was an independent risk factor
for mortality of COVID-19 patients.'*?! Xia et al used
multivariate logistic regression analysis to show that NLR was
an independent risk factor for severe COVID-19.1** During the
COVID-19 outbreak, there was a sudden and rapid deterioration
in some patients. Virus infection leads to the imbalance of the
immune regulation network of the body, and the cytokine storm
will lead to the deterioration of the disease.l'! Therefore,
neutrophils and NLR are expected to be important biomarkers
for effective diagnosis and prediction of clinical outcomes in
COVID-19 patients. As previously mentioned, the emotional
disorder itself can induce an inflammatory response. In addition,
current studies believe that there is a bidirectional interaction
between inflammation and mood disorders. The positive
correlation between inflammation and mood symptoms has
been consistently replicated. In that case, emotional disorders
may worsen the COVID-19 patient’s state, aggravate the
inflammatory response, and have a negative impact on the
clinical prognosis.*#*5*¢! Therefore, special attention should be
given to patients diagnosed with high SDS scores and/or SAS
score accompanied by increased neutrophils and NLR, which
may indicate adverse clinical outcomes.

Regarding the relationship between sleep quality score and
laboratory parameters, our study showed that NLR was
increased in the low sleep quality group compared with the
high sleep quality group. The correlation coefficient between the
total score of PSQI and NLR was 0.310, and P value was .055,
which was close to .05. And our study also found a positive
correlation between sleep disturbance score and NLR. The NLR
has already been used to reflect the relationship between sleep
deprivation or poor sleep quality and levels of systemic
inflammation. The NLR level was significantly increased in the
sleep-deprived or low-sleep quality group in previous stud-
ies.*”*8! Our study is consistent with previous research results.
The mechanism may be linked to the sympathetic nervous system
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and hypothalamus—pituitary—adrenal axis, which together shift
the gene expression toward an increased pro-inflammatory
state.*”! Similarly, more attention has also been paid to the
relationship between the sleep state and the immune system.
Previous studies have demonstrated that the lymphocyte counts
and T cell subsets were significantly reduced in the sleep
disturbance or sleep deprivation group.’°*3! Our study also
found that the total score of PSQI was negatively correlated with
lymphocyte count. Thus, these results indicate that sleep quality is
related to inflammatory response and the immune system. In our
study, compared with the non-anxiety group, NCT was
prolonged in the anxiety group and with the increase of sleep
disturbance score, NCT was also prolonged. Extended time for
virus clearance may be related to the reduction of lymphocytes
and increased inflammation in patients with mood disorders and
poor sleep quality, which may have an adverse impact on the
rehabilitation of the confirmed patients and would prolong the
hospital stay.

However, we did not find the same correlation between stress
and inflammation indicators as in previous studies, which may be
related to the small sample size of this study. Mental health status,
sleep quality, and inflammatory markers have a certain relevance
but did not reach a significant level, due to that the patients with
psychological problems in this study mainly had mild mood
disorders. One reason is that most of the participants in this study
were not severe cases, and the second reason is that a series of
relief policies were issued to ease the mood disorders during the
outbreak.

Based on the relationship of the emotional state, the sleep
quality, and inflammatory markers, NCT in confirmed patients,
early intervention should be considered for patients with mental
disorders, poor sleep quality, and abnormal tendency of
laboratory data. Regarding the relationship between mental
disorder and inflammation, besides conventional antipsychotic
drugs and psychotherapy, some studies have suggested that non-
steroidal anti-inflammatory drugs, physical activity, probiotics,
and other immunotherapy methods can be used.**! For sleep
problems, sleep medications and cognitive-behavioral treatment
for insomnia may be considered.**! In conclusion, it is necessary
to maintain a relaxed state of mind and good sleep quality for
patients confirmed with COVID-19 while treating the primary
disease and strengthening against the disease.

This study presents several limitations. Our study is restricted
by a low response rate and a small sample size of participants.
Some patients had limited access to internet services and
smartphones, and the actual number of participants was low
compared to the total number of patients. Another limitation of
this survey is that there are few kinds of laboratory indicators in
this study. Though having more inflammatory markers would
better illuminate the relationship between mental health status,
sleep quality, and inflammation, most of the inflammatory
markers such as ESR, CRP, pro-inflammatory factors, and T-cell
subsets were not tested due to the urgency of the COVID-19
outbreak and the limitation of testing conditions in mobile cabin
hospital. Therefore, the analysis of the impact on physiological
indicators by mental health status and sleep quality is restricted.
Further improvements will be needed in the future. Lastly, this
study is a cross-sectional survey. It would be ideal to conduct a
prospective study on the same group of participants that would
provide a further finding to support the need for those patients.
Despite these limitations, our findings may assist or remind
government agencies and healthcare professionals in China and
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different parts of the world to provide psychological interven-
tions that can minimize psychological and sleeping impacts.

5. Conclusion

Patients confirmed with 2019-nCoV are prone to have some
problems in mental health and sleep quality. With the
aggravation of depression, anxiety, and the deterioration of
sleep quality, patients may have systemic inflammation activation
and decreased immune status, which may further aggravate
psychological and sleep problems, thus delaying disease recovery
and even leading to adverse events. If there are emotional and
sleep problems, especially with the abnormal inflammatory and
immune indicators, we should take active and effective
comprehensive prevention and intervention measures, so as to
better improve the psychological and physiological state of
confirmed patients.

Acknowledgments

Thanks to the frontline medical staff for helping to collect the
essential data.

Author contributions

Conceptualization: Yanqing Tang.

Data curation: Xixi Li, Quan Cai, Ziyi Jia, Yifang Zhou, Yuning
Zhou, Baoyan Zhang, Luyu Ren.

Funding acquisition: Yanqing Tang.

Formal analysis: Xixi Li.

Methodology: Xixi Li, Yifang Zhou, Baoyan Zhang.

Project administration: Yanqing Tang.

Supervision: Yanqing Tang.

Software: Xixi Li.

Resources: Yanqing Tang, Quan Cai, Ziyi Jia.

Writing — original draft: Xixi Li.

Writing — review & editing: Yanqing Tang, Xixi Li, Yifang Zhou,
Linzi Liu.

References

[1] Huang C, Wang Y, Li X, et al. Clinical features of patients infected with
2019 novel coronavirus in Wuhan, China. Lancet 2020;395:497-506.

[2] Wang C, Pan R, Wan X, et al. Immediate psychological responses and
associated factors during the initial stage of the 2019 coronavirus disease
(COVID-19) epidemic among the general population in China. Int J
Environ Res Public Health 2020;17:1729.

[3] Tsang HW, Scudds RJ, Chan EY. Psychosocial impact of SARS. Emerg
Infect Dis 2004;10:1326-7.

[4] Cheng C, Cheung MW. Psychological responses to outbreak of severe
acute respiratory syndrome: a prospective, multiple time-point study. J
Pers 2005;73:261-85.

[5] Cheng SK, Tsang JS, Ku KH, Wong CW, Ng YK. Psychiatric
complications in patients with severe acute respiratory syndrome (SARS)
during the acute treatment phase: a series of 10 cases. Br | Psychiatry
2004;184:359-60.

[6] Ma YF, Li W, Deng HB, et al. Prevalence of depression and its association
with quality of life in clinically stable patients with COVID-19. J Affect
Disord 2020;275:145-8.

[7] Wu C, Hu X, Song ], et al. Mental health status and related influencing
factors of COVID-19 survivors in Wuhan, China. Clin Transl Med
2020;10:e52.

[8] Qi R, Chen W, Liu S, et al. Psychological morbidities and fatigue in with
confirmed COVID-19 during disease outbreak: prevalence and associat-
ed biopsychosocial risk factors. medRxiv. May 2020. (Preprint).

[9] Guo Q, Zheng Y, Shi ], et al. Immediate psychological distress in
quarantined patients with COVID-19 and its association with peripheral

www.md-journal.com

inflammation: a mixed-method study. Brain Behav Immun 2020;88:
17-27.

[10] Zhang J, Lu H, Zeng H, et al. The differential psychological distress of
populations affected by the COVID-19 pandemic. Brain Behav Immun
2020;87:49-50.

[11] Steptoe A, Hamer M, Chida Y. The effects of acute psychological stress
on circulating inflammatory factors in humans: A review and meta-
analysis. Brain Behav Immun 2007;21:901-12.

[12] Marsland AL, Walsh C, Lockwood K, John-Henderson NA. The effects
of acute psychological stress on circulating and stimulated inflammatory
markers: a systematic review and meta-analysis. Brain Behav Immun
2017;64:208-19.

[13] Wang H, Zhang Y, Mo P, et al. Neutrophil to CD4+ lymphocyte ratio as
a potential biomarker in predicting virus negative conversion time in
COVID-19. Int Immunopharmacol 2020;(Epub).

[14] National Health Commission of China. A notice on the issuance of
guidelines for emergency psychological crisis intervention in pneumonia
for novel coronavirus infections. Available at: http://www.nhc.gov.cn/
xcs/zhengewi/202001/6adc08b966594253b2b791be5c3b9467.shtml.
Accessed February 11, 2020.

[15] Duan L, Zhu G. Psychological interventions for people affected by the
COVID-19 epidemic. Lancet Psychiatry 2020;7:300-2.

[16] Zandifar A, Badrfam R. Iranian mental health during the COVID-19
epidemic. Asian ] Psychiatr 2020;Epub.

[17] Zhou X. Psychological crisis interventions in Sichuan Province during the
2019 novel coronavirus outbreak. Psychiatry Res 2020;Preprint.

[18] Yu BYM, Yeung WF, Lam JC, et al. Prevalence of sleep disturbances
during COVID-19 outbreak in an urban chinese population: a cross-
sectional study. Sleep Med 2020;74:18-24.

[19] Zung WW. A self-rating depression scale. Arch Gen Psychiatry
1965;12:63-70.

[20] Zung WW. A rating instrument for anxiety disorders. Psychosomatics
1971;12:371-9.

[21] Buysse DJ, Reynolds CF3rd, Monk TH, Berman SR, Kupfer DJ. The
Pittsburgh Sleep Quality Index: a new instrument for psychiatric practice
and research. Psychiatry Res 1989;28:193-213.

[22] Liu X, Tang M, Hu L, et al. Reliability and validity of the Pittsburgh sleep
quality index. Chin | Psychiatry 1996;29:103-7.

[23] Yang T, Huang H. An epidemiological study on stress among urban
residents in social transition period. Chin ] Epidemiol 2003;24:760-4.

[24] Chen N, Zhou M, Dong X, et al. Epidemiological and clinical
characteristics of 99 cases of 2019 novel coronavirus pneumonia in
Wuhan, China: a descriptive study. Lancet 2020;395:507-13.

[25] Lu R, Zhao X, Li ], et al. Genomic characterisation and epidemiology of
2019 novel coronavirus: implications for virus origins and receptor
binding. Lancet 2020;395:565-74.

[26] Xiang YT, Yang Y, Li W, et al. Timely mental health care for the 2019
novel coronavirus outbreak is urgently needed. Lancet Psychiatry
2020;7:228-9.

[27] Wu KK, Chan KS, Ma MT. Posttraumatic stress, anxiety, and depression
in survivors of severe acute respiratory syndrome (SARS). J Trauma
Stress 2005;18:39-42.

[28] Wu KK, Chan SK, Ma TM. Posttraumatic Stress after SARS. Emerg
Infect Dis 2005;11:1297-300.

[29] Kwek SK, Chew WM, Ong KC, et al. Quality of life and psychological
status in survivors of severe acute respiratory syndrome at 3 months
postdischarge. ] Psychosom Res 2006;60:513-9.

[30] Mak IW, Chu CM, Pan PC, Yiu MG, Chan VL. Long-term psychiatric
morbidities among SARS survivors. Gen Hosp Psychiatry 2009;31:
318-26.

[31] Hong X, Currier GW, Zhao X, Jiang Y, Zhou W, Wei J. Posttraumatic
stress disorder in convalescent severe acute respiratory syndrome patients:
a 4-year follow-up study. Gen Hosp Psychiatry 2009;31:546-54.

[32] Leonard BE, Song C. Stress and immune system in the etiology of anxiety
and depression. Pharmacol Biochem Behav 1996;54:299-303.

[33] Mazza MG, Lucchi S, Tringali AGM, Rossetti A, Botti ER, Clerici M.
Neutrophil/lymphocyte ratio and platelet/lymphocyte ratio in mood
disorders: a meta-analysis. Prog Neuropsychopharmacol Biol Psychiatry
2018;84:229-36.

[34] Elovainio M, Aalto AM, Kivimiki M, et al. Depression and C-reactive
protein: population-based health 2000 study. Psychosom Med 2009;
71:423-30.

[35] Colpo GD, Leboyer M, Dantzer R, Trivedi MH, Teixeira AL. Immune-
based strategies for mood disorders: facts and challenges. Expert Rev

Neurother 2018;18:139-52.


http://www.nhc.gov.cn/xcs/zhengcwj/202001/6adc08b966594253b2b791be5c3b9467.shtml
http://www.nhc.gov.cn/xcs/zhengcwj/202001/6adc08b966594253b2b791be5c3b9467.shtml
http://www.md-journal.com

Li et al. Medicine (2021) 100:27

[36] Sunbul EA, Sunbul M, Yanartas O, et al. Increased neutrophil/
lymphocyte ratio in patients with depression is correlated with the
severity of depression and cardiovascular risk factors. Psychiatry Investig
2016;13:121-6.

[37] Gold PW. The organization of the stress system and its dysregulation in
depressive illness. Mol Psychiatry 2015;20:32-47.

[38] Rosenblat JD, Cha DS, Mansur RB, MclIntyre RS. Inflamed moods: a
review of the interactions between inflammation and mood disorders.
Prog Neuropsychopharmacol Biol Psychiatry 2014;53:23-34.

[39] Tecchio C, Micheletti A, Cassatella MA. Neutrophil-derived cytokines:
facts beyond expression. Front Immunol 2014;5:508.

[40] Zhang Y, Zou P, Gao H, et al. Neutrophil-lymphocyte ratio as an early
new marker in AIV-H7N9-infected patients: a retrospective study. Ther
Clin Risk Manag 2019;15:911-9.

[41] Guthrie GJ, Charles KA, Roxburgh CS, Horgan PG, McMillan DC, Clarke SJ.
The systemic inflammation-based neutrophil-lymphocyte ratio: experience in
patients with cancer. Crit Rev Oncol Hematol 2013;88:218-30.

[42] Liu H, Zhang H, Wan G, et al. Neutrophil-lymphocyte ratio: a novel
predictor for short-term prognosis in acute-on-chronic hepatitis B liver
failure. J Viral Hepat 2014;21:499-507.

[43] Liu Y, Du X, Chen ], et al. Neutrophil-to-lymphocyte ratio as an
independent risk factor for mortality in hospitalized patients with
COVID-19. J Infect 2020;81:e6-12.

[44] Xia X, Wen M, Zhan S, He J, Chen W. An increased neutrophil/
lymphocyte ratio is an early warning signal of severe COVID-19. J South
Med Univ 2020;40:333-6.

[45] Jennifer C, Felger. Imaging the role of inflammation in mood and
anxiety-related disorders. Curr Neuropharmacol 2018;16:533-58.

Medicine

[46] Demir S, Atli A, Bulut M, et al. Neutrophil-lymphocyte ratio in patients
with major depressive disorder undergoing no pharmacological therapy.
Neuropsychiatr Dis Treat 2015;11:2253-8.

[47] Ohayon MM. Chronic obstructive pulmonary disease and its association
with sleep and mental disorders in the general population. ] Psychiatr Res
2014;54:79-84.

[48] Fang SH, Suzuki K, Lim CL, Chung MS, Ku PW, Chen L]. Associations
between sleep quality and inflammatory markers in patients with
schizophrenia. Psychiatry Res 2016;246:154-60.

[49] Irwin MR, Opp MR. Sleep health: reciprocal regulation of Ssleep and
innate immunity. Neuropsychopharmacology 2017;42:129-55.

[50] Boudjeltia ZK, Faraut B, Stenuit P, et al. Sleep restriction increases white
blood cells, mainly neutrophil count, in young healthy men: a pilot study.
Vasc Health Risk Manag 2008;4:1467-70.

[51] Liu H, Wang G, Luan G, Liu Q. Effects of sleep and sleep deprivation on

blood cell count and hemostasis parameters in healthy humans. ]

Thromb Thrombolysis 2009;28:46-9.

Lasselin J, Rehman JU, Akerstet T, Lekander M, Axelsson J. Effect of

long-term sleep restriction and subsequent recovery sleep on the diurnal

rhythms of white blood cell subpopulations. Brain Behav Immun
2015;47:93-9.

Heredia FP, Garaulet M, Martinez SG, et al. Self-reported sleep duration,

white blood cell counts and cytokine profiles in European adolescents-the

HELENA study. Sleep Med 2014;15:1251-8.

Belleville G, Cousineau H, Levrier K, St-Pierre-Delorme ME.

Meta-analytic review of the impact of cognitive-behavior therapy

for insomnia on concomitant anxiety. Clin Psychol Rev 2011;31:

638-52.

[52

[53

[54



	The correlation between mental health status, sleep quality, and inflammatory markers, virus negative conversion time among patients confirmed with 2019-nCoV during the COVID-19 outbreak in China
	1 Introduction
	2 Methods
	2.1 Study design and participants
	2.2 Ethical statement
	2.3 Measurements and data collection
	2.4 Data analysis

	3 Results
	4 Discussion
	5 Conclusion
	Acknowledgments
	Author contributions
	References


