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Background: The application of factor analysis in the study of the clinical symptoms of coronavirus
disease 2019 (COVID-19) was investigated, to provide a reference for basic research on COVID-19 and its
prevention and control.

Methods: The data of 60 patients with COVID-19 in Jingzhou Hospital of Traditional Chinese Medicine
and the Second People’s Hospital of Longgang District in Shenzhen were extracted using principal
component analysis. Factor analysis was used to investigate the factors related to symptoms of COVID-19.
Based on the combination of factors, the clinical types of the factors were defined according to our
professional knowledge. Factor loadings were calculated, and pairwise correlation analysis of symptoms was
performed.

Results: Factor analysis showed that the clinical symptoms of COVID-19 cases could be divided into
respiratory-digestive, neurological, cough-wheezing, upper respiratory, and digestive symptoms. Pairwise
correlation analysis showed that there were a total of eight pairs of symptoms: fever-palpitation, cough-
expectoration, expectoration-wheezing, dry mouth-bitter taste in the mouth, poor appetite-fatigue, fatigue-
dizziness, diarrhea-palpitation, and dizziness-headache.

Conclusions: The symptoms and syndromes of COVID-19 are complex. Respiratory symptoms dominate,
and digestive symptoms are also present. Factor analysis is suitable for studying the characteristics of the

clinical symptoms of COVID-19, providing a new idea for the comprehensive analysis of clinical symptoms.
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Introduction

The novel coronavirus pneumonia, also known as
coronavirus disease 2019 (COVID-19), is caused by a
betacoronavirus strain, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), which is highly contagious
and highly pathogenic (1). The general population is
susceptible to SARS-CoV-2. The main clinical symptoms
are fever, dry cough, and fatigue, and shortness of breath
and difficulty breathing gradually develop as the disease
progresses. An article in Lancet reported that fever (98%),
cough (76%), and myalgia or fatigue (44%) were the main
symptoms of this disease (2). The Guidelines for the Diagnosis
and Treatment of COVID-19 (Trial Version 7) (3) and front-
line experts fighting against COVID-19 in China (4,5) have
comprehensively summarized the clinical characteristics
of COVID-19, including symptoms, physical signs, and
imaging findings. The Guidelines for the Diagnosis and
Treatment of COVID-19 pointed out that fever, dry cough,
and fatigue are the major symptoms of COVID-19, and a
few patients have nasal congestion, rhinorrhea, sore throat,
myalgia, and diarrhea. Respiratory symptoms such as fever
and cough are clinically significant in early recognition
and in clinical treatment and management. However, some
patients start with digestive symptoms, nervous system
symptoms, or cardiovascular symptoms (Shi ez al.) (6),
suggesting that in clinical diagnosis and management, the
identification of relevant correlations between symptoms
is important to correctly identify, treat, and manage
COVID-19. In this study, symptom-related factors were
submitted to principal component analysis, factor analysis,
and correlation analysis and comparison to search for
any correlations between symptom-related factors during
disease progression.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1113).

Methods
Clinical data

General information

The data used in the present study were obtained from
Jingzhou Hospital of Traditional Chinese Medicine and
the Second People’s Hospital of Longgang District in
Shenzhen. All patients were outpatients and inpatients of
these two hospitals between January 27, 2020 and February
11, 2020. A total of 60 patients who met the inclusion
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criteria were collected. There were 32 male patients and 28
female patients aged 20-86 years, with an average age of
43.56+2.70 years for males and 50.04+1.75 years for females.
There were nine male patients and 12 female patients with
abnormal lung computed tomography (CT) findings. There
was no significant difference in sex or age between the
normal and abnormal lung CT groups (P>0.05). This study
is in line with the Nuremberg Code and the Declaration of
Helsinki (as revised in 2013) and was approved by the Ethics
Review Committee of Jingzhou Hospital of Traditional
Chinese Medicine (No. 202003). ( Informed consent was
taken from all the patients.)

Inclusion criteria

According to the Guidelines for the Diagnosis and Treatment of
COVID-19 (Trial Version 4), patients who met the following
criteria were included: having any one epidemiological
history characteristic and any two relevant clinical
symptoms and having available pathological evidence
(positive nucleic acid test result by real-time fluorescence
reverse transcription-polymerase chain reaction detection of
SARS-CoV-2 in respiratory specimens or blood specimens).

Exclusion criteria

(I) Patients doesn’t meet the inclusion criteria.

(II) Patients who were unable to accurately describe their
symptoms or were unconscious were excluded.

(IIT) Patients with other viral infection of lung diseases at
the same time.

Research methods

Clinical information collection method

Using the integrated clinical and research technology
platform, qualified clinical researchers filled out the
registration forms of COVID-19 patients and entered the
corresponding information into the clinical information
collection system. Based on the Guidelines for the Diagnosis
and Treatment of COVID-19 (Trial Version 5), the training of
personnel in the research group was strengthened to ensure
the quality of the clinical research data.

Data preprocessing

Each patient was assigned a unique code. A human-
computer coupled data-preprocessing system was used to
standardize the symptoms to ensure the correct symptom
names were used and had relatively uniform granularity.
The unrelated data and the easily identifiable noise data
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Legend Symptom Count Tf;izittioo/oof
[ ] fever 44 80.00%
- cough 39 70.91%
- poor appetite 41.82%
- fatigue 23 38.18%
- expectoration 21 32.73%
I dymouth 18 29.09%
- chest tightness 16 27.27%
|:| dizziness 20.00%
sore throat 15 18.18%
wheezing 11 18.18%
diarrhea 10 16.36%
Ibitter taste in mouth 12.73%
headache 10 12.73%
palpitation 9 5.45%
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Figure 1 Statistical analysis of symptom frequency in 60 COVID-19 patients. COVID-19, coronavirus disease 2019.

were removed, the blank data were deleted, and some
missing data and inconsistent data were re-entered based on
the actual conditions of the patients.

Statistical methods

Excel 2019 was used for data entry and management, and
frequency analysis was used to analyze the occurrence
frequency of individual symptoms. SPSS 26.0 was used
for principal component analysis and factor analysis of
symptoms of COVID-19, and the correlations between
factors were further analyzed. The specific steps included (I)
extracting data by principal component analysis; (I) testing
whether the data collected in this study were suitable for
factor analysis by using the Kaiser-Meyer-Olkin (KMO) test
and Bartlett’s test of sphericity; (II) determining whether
the data reflected the contents of all components by
determining the number of factors, the factor eigenvalues,
and the cumulative percentage of variance; (IV) rotating the
component matrix using varimax with Kaiser normalization
to find the best analytical result and, when the rotation
converged after a certain number of iterations, acquiring
the symptom-related factors and their factor loadings; and
(V) analyzing common factors by their clinical character.

Results
Statistics of symptom frequency

Frequency statistics on the symptoms of COVID-19 showed
that among the 14 symptoms included in the statistics, fever
was the most common, accounting for 83.33% of the total
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samples, followed by cough (68.33 %), poor appetite (41.67%),
and fatigue (40.00%). Detailed data are shown in Figure 1.

Analysis of symptoms

The KMO test value was 0.511, and Bartlett’s test of
sphericity output P<0.01. Hence principal component
analysis and factor analysis is valuable for further analysis.
Principal component analysis yielded five factors with
eigenvalues greater than 1 (Table 1, Figure 2). In Table 1,
those symptoms were classified into 5 components.
Each component includes eigenvalues of each
symptom. Number in 5 components shows different
load coefficient score in different symptoms. Their
cumulative percentage of variance was 59.88% (1able 2),
which shows those factors could well represent the
whole data. The varimax rotation was done five
times to obtain the factor loading matrix (Table 3).
Finally we obtained a total of five symptom-related
factors. Each symptom-related factor included a number
of variables with a loading factor greater than 0.3 (Zable 4,
Figure 3). Through factor analysis, these five common
factors were classified as respiratory-digestive-related,
nervous system-related, cough-related, upper respiratory
tract-related, and digestive-related factors. Those system-
related symptoms could summarize COVID-19 patients
symptoms characteristic and classify with disease systems.

Correlation analysis of symptoms

Pairwise correlation analysis of the 14 symptoms revealed
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Table 1 The component matrix for principal component analysis (five components have been extracted)

Component
Symptoms
1 2 3 4 5

Fever -0.265 0.416 0.257 -0.434 -0.102
Cough 0.317 -0.503 0.498 -0.209 0.189
Expectoration 0.399 -0.461 0.240 -0.394 0.424
Dry mouth 0.263 0.425 0.458 0.417 0.172
Bitter taste in mouth 0.150 0.368 0.655 0.265 0.043
Poor appetite 0.361 0.282 0.152 -0.122 -0.652
Sore throat -0.056 0.435 0.196 -0.174 0.549
Fatigue 0.644 0.179 0.026 -0.096 -0.002
Diarrhea 0.278 -0.342 0.015 0.403 -0.281
Dizziness 0.615 0.334 -0.508 0.017 0.201
Headache 0.609 0.108 -0.53 -0.058 0.141
Wheezing 0.384 -0.279 0.261 -0.445 -0.361
Palpitation -0.126 -0.506 -0.021 0.360 0.184
Chest tightness 0.35 -0.109 0.182 0.527 -0.027

Scree Plot

2.5

2.0

Eigenvalue

0.5

0.0

123 4 56 7 8 9 10 11 12 13 14
Component Number
Figure 2 Scree plot of the components and their eigenvalues. Each
dot represents a component number. The Component Number
higher than Eigenvalue 1.0 represent the effective number in

component analysis (n=5).

correlations between eight pairs of symptoms (P<0.05),
including fever-palpitation, cough-expectoration,
expectoration-wheezing, dry mouth-bitter taste in the
mouth, poor appetite-fatigue, fatigue-dizziness, diarrhea-
palpitation, and dizziness-headache. Interestingly, although
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some symptoms could be seen together in clinical practice,
like fever-palpitation and cough-expectoration, some
combined symptoms haven’t been reported, like example,
diarrhea and palpitation.

Discussion

COVID-19 is highly infectious and highly pathogenic (7).
At present, due to the unknown pathogenesis of the SARS-
CoV-2 infection, there are no effective treatment or
preventive measures, although vaccines are being actively
developed in China and other countries. It is mainly treated
with antiviral Western medicines and traditional Chinese
medicine decoctions. The general population is susceptible
to SARS-CoV-2, and the infection in the elderly is more
likely to progress to severe conditions. The main routes
of transmission are respiratory droplets and close contact.
Under special circumstances, the possibility of aerosol
transmission and fecal-oral transmission cannot be ruled
out (1). COVID-19 spreads rapidly, posing a high risk to
human health. Although its overall mortality rate is low (7),
the mortality rate in severe cases is high (8). Currently,
there is no specific treatment. Therefore, prevention and
control of COVID-19 and its progression have become a
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Table 2 Total variance explained

Initial eigenvalues Extraction sums of squared loadings Rotation sums of squared loadings
Component
Total % of variance  Cumulative %  Total % of variance Cumulative %  Total % of variance Cumulative %

1 2.082 14.872 14.872 2.082 14.872 14.872 1.899 13.567 13.567
2 1.841 13.150 28.022 1.841 13.150 28.022 1.716 12.258 25.825
3 1.715 12.247 40.269 1.715 12.247 40.269 1.693 12.090 37.915
4 1.457 10.408 50.677 1.457 10.408 50.677 1.633 11.662 49.577

5 1.288 9.200 59.877 1.288 9.200 59.877 1.442 10.300 59.877

6 0.978 6.987 66.864

7 0.865 6.176 73.040

8 0.814 5.815 78.855

9 0.745 5.319 84.174

10 0.604 4.312 88.486

11 0.508 3.628 92.114

12 0.462 3.298 95.412

13 0.351 2.510 97.922

14 0.291 2.078 100.000

Table 3 Rotated composition matrixa

Component
Symptoms
1 2 3 4 5

Fever -0.224 -0.063 0.072 -0.613 0.270
Cough -0.124 0.795 0.115 0.143 0.030
Expectoration 0.159 0.848 -0.055 -0.029 -0.124
Dry mouth 0.092 -0.051 0.807 0.022 -0.007
Bitter taste in mouth -0.141 0.050 0.783 -0.064 0.141
Poor appetite 0.105 -0.103 0.137 0.044 0.794
Sore throat 0.125 0.084 0.353 -0.574 -0.292
Fatigue 0.519 0.218 0.225 0.024 0.297
Diarrhea 0.009 0.037 0.053 0.643 0.135
Dizziness 0.881 -0.107 0.032 -0.010 -0.002
Headache 0.812 0.020 -0.14 0.090 0.021
Wheezing -0.010 0.511 -0.144 0.060 0.580
Palpitation -0.197 0.122 -0.079 0.450 -0.417
Chest tightness 0.098 0.041 0.404 0.521 -0.010

¢, rotation converges after five iterations. Extraction method: principal component analysis. Rotation method: varimax with Kaiser
normalization.
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top priority in fighting against the pandemic.

Similar to the human coronaviruses severe acute
respiratory syndrome coronavirus (SARS-CoV) and
Middle East respiratory syndrome coronavirus (MERS-

Table 4 Symptom-related factors and factor loadings

Factor Symptoms

Factor 1 Fever (0.61), Sore throat (0.57), Diarrhea (0.64),

Palpitation (0.45), Chest tightness (0.52)

Facor2 Dizziness (0.88), Headache (0.81)

Facor3 Cough (0.80), Expectoration (0.85), Wheezing (0.58)
Facor4 Dry mouth (0.81), Bitter taste in the mouth (0.78)
Facor5 Poor appetite (0.79), Fatigue (0.52)

Loose stool
(0.66)

Palpitation
(0.80)

Headache
(0.84)

Bitter taste
(0.81)

Dry mouth
(0.83)

Wu et al. COVID-19-related symptoms

CoV), which can cause respiratory infections, SARS-
CoV-2 can cause severe respiratory symptoms (9),
including fever, dry cough (10), etc. Instead of the clinical
symptoms of respiratory tract infections, some patients start
with digestive symptoms, such as poor appetite, fatigue,
nausea, vomiting, and diarrhea. As a distinct feature of
zoonoses, diarrhea also occurs in 20% to 25% of MERS-
CoV- or SARS-CoV-infected individuals (11). Other
symptoms include nervous system symptoms such as
headache and cardiovascular symptoms such as palpitation
and chest tightness (6). The above symptoms and clinical
symptoms were observed in the patients included in this
study. Because these symptoms are easily confused with
symptoms of other chronic diseases, it is somewhat difficult
to diagnose COVID-19. Therefore, the analysis and mining
of correlations between the symptoms may help with the

Wheeze
(0.70)

Fatigue
(0.61)

Inappetence
(0.88)

Figure 3 Node sizes between symptom-related factors and factor loadings reflect the relative magnitudes of the factor loadings. Each node

represents a symptom. The size of the node reflects the load coefficient score. The larger the node, the higher the load coefficient score.

The correlation between symptoms is shown as edges which divide symptoms into five categories including respiratory—digestive-related,

nervous system-related, cough-related, upper respiratory tract-related, and digestive-related factors. Symptoms that belong to the same

factor are shown in the same color.
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identification of COVID-19 and provide some ideas for the
diagnosis and treatment of COVID-19 and the management
of patients of various types.

Although the clinical characteristics of COVID-19
have been widely reported, the correlation between the
symptoms has not been clarified. Therefore, to better
diagnose, treat, and manage COVID-19, this study explored
the correlations between different symptoms of COVID-19
by analyzing the clinical symptoms of 60 patients with
COVID-19 from two medical centers, Jingzhou Hospital
of Traditional Chinese Medicine and the Second People’s
Hospital of Longgang District in Shenzhen, using principal
component analysis, factor analysis, and correlation analysis.
The results provide a basis for further investigation of its
pathogenesis.

Currently, studies on the symptoms of COVID-19
generally only use descriptive and frequency statistics.
However, due to the large number of symptom types and
the unclear epidemiological significance of most clinical
symptoms, most studies fail to obtain instructive results.
Principal component analysis and factor analysis are widely
used statistical methods for dimensionality reduction.
The basic principle is to use a few variable factors to
comprehensively reflect the primary information of the
original variables to effectively solve a problem. These
methods reduce dimensionality and thus the difficulty
of data processing (12). In this study, various types of
symptoms were subjected to dimensionality reduction,
and the various symptoms were distilled into five main
factors: respiratory—digestive-related, nervous system-
related, cough-related, upper respiratory tract-related,
and digestive-related factors. On the one hand, the
characteristics of COVID-19 were mainly reflected in
respiratory and digestive symptoms, which is consistent
with previous studies. In addition, a correlation between
these two types of symptoms was found, which provides
some ideas for further study of the pathogenesis of this
disease. One the other hand, this suggests that for cases of
COVID-19, we need to pay attention to the influence of
psychiatric disease-related factors. The method presented
here can be used in future studies analyzing the symptoms
of COVID-19. In this study, the KMO test value was
greater than 0.5, and the results of the Bartlett’s test of
sphericity rejected the null hypothesis that the correlation
matrix was a unit matrix, indicating that the data collected
in this study were suitable for factor analysis. Principal
component analysis yielded five factors with eigenvalues
greater than 1, and their cumulative percentage of variance
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was 59.88%. According to the principles of statistics, it is
generally believed that a component with an eigenvalue
greater than 1 can basically reflect the content of all
components (Figure 2). Therefore, factor analysis was used
to reflect the 14 symptoms of COVID-19 included in this
study. Each of the five main factors had some variables
with a loading factor greater than 0.3, which were used for
analysis and summarizing.

Through factor analysis, this study found that the clinical
symptoms of COVID-19 patients could be classified into
five types: respiratory—digestive-related, nervous system-
related, cough-related, upper respiratory tract-related, and
digestive-related. Based on this classification, we conducted
validation analysis, which provided new ideas for the
comprehensive analysis of clinical symptoms of COVID-19.
Therefore, this study could serve as a useful reference
for studying the clinical symptoms of COVID-19 in this
pandemic.
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