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Abstract

To determine what exacerbate severity of the COVID-19 among patients without comorbid-
ities and advanced age and investigate potential clinical indicators for early surveillance, we
adopted a nested case−control study, design in which severe cases (case group, n = 67) and
moderate cases (control group, n = 67) of patients diagnosed with COVID-19 without
comorbidities, with ages ranging from 18 to 50 years who admitted to Wuhan Tongji
Hospital were matched based on age, sex and BMI. Demographic and clinical characteristics,
and risk factors associated with severe symptoms were analysed. Percutaneous oxygen satur-
ation (SpO2), lymphocyte counts, C-reactive protein (CRP) and IL-10 were found closely asso-
ciated with severe COVID-19. The adjusted multivariable logistic regression analyses revealed
that the independent risk factors associated with severe COVID-19 were CRP (OR 2.037, 95%
CI 1.078–3.847, P = 0.028), SpO2 (OR 1.639, 95% CI 0.943–2.850, P = 0.080) and lymphocyte
(OR 1.530, 95% CI 0.850–2.723, P = 0.148), whereas the changes exhibited by indicators influ-
enced incidence of disease severity. Males exhibited higher levels of indicators associated with
inflammation, myocardial injury and kidney injury than the females. This study reveals that
increased CRP levels and decreased SpO2 and lymphocyte counts could serve as potential
indicators of severe COVID-19, independent of comorbidities, advanced age and sex. Males
could at higher risk of developing severe symptoms of COVID-19 than females.

Introduction

Coronavirus disease 2019 (COVID-19) pandemic has spread rapidly, affecting more than 215
countries globally since the outbreak of the disease, with approximately 5% of patients with
COVID-19 and 20% of hospitalised patients with COVID-19 experiencing severe symptoms
that required intensive care [1, 2]. Hypoxaemic respiratory failure has been identified as the
most common cause of admission of patients to the intensive care unit (ICU), and there is
a pressing need for mechanical ventilation therapy in most patients presenting severe symp-
toms of COVID-19 to avoid negative effects caused by hypoxaemia [3, 4]. In addition to
respiratory failure, patients with severe COVID-19 often present with lymphopenia, thrombo-
cytopenia and coagulation abnormalities and are at high risk of rapidly progressing to acute
cardiac injury, renal injury, hepatic injury, heart failure, neurologic manifestations, rhabdo-
myolysis, coagulopathy and shock or even death [5–9]. Therefore, a timely assessment of
the condition of patients with severe COVID-19 to facilitate administration of appropriate
treatments considerably saves a patient’s life.

Emerging data have revealed that people with pre-existing conditions such as cardiovascu-
lar diseases, chronic pulmonary disease, diabetes, carcinoma and obesity are more likely to
develop severe COVID-19 [10, 11], and that males and the elderly are thought to be prone
to developing severe symptoms, which could act as independent risk factors for poor progno-
sis. Fifty models have been used to predict risks of progression to severity or death in patients
with COVID-19 patients, and the prominent prognostic factors that are frequently considered
include comorbidities, age, sex, lymphocyte counts and C-reactive protein (CRP), among
others [12]. However, most current studies on COVID-19 have been conducted in populations
that are predominantly composed of males and the elderly, and often coupled with other
comorbidities [13–15]. However, the specific clinical indicators that contribute to progression
and severe symptoms in patients with COVID-19, which are independent of comorbidities,
advanced age and gender, remain indeterminate.

The aim of the present nested case−control study was to investigate risks associated with
suspected severe disease, and retrospectively analyse the clinical parameters in young and
middle-aged patients diagnosed with moderate and severe COVID-19 on admission, without
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comorbidities and based on sex, age and body mass index (BMI).
A prediction model combined with clinical data can provide
insights that could help mitigate the burden of care, thereby enab-
ling efficient triaging of patients, rational allocation of resources
and prompt treatments.

Methods

Study participants

A retrospective nested case−control study of patients with severe
COVID-19 was conducted. Clinical data of 1396 patients diagnosed
with COVID-19 admitted to the Infection Department of Wuhan
Tongji Hospital from 27 January to 12 February 2020 were
collected and compiled, and follow-up made until 12 March
2020. All patients were assessed comprehensively based on age,
comorbidity and severity of disease at admission. Exclusion criteria
included: (1) age >50 years or <18 years old or pregnant women,
(2) a history of comorbidities, including hypertension, chronic
respiratory disease, coronary heart disease, diabetes, chronic kidney
disease, tumour and other diseases (including history of surgery,
hepatitis, gout, anaemia, thyroid disease, breast disease, tuber-
culosis, obesity etc.). Middle-aged patients with no history of
comorbidities were divided into patients with moderate
COVID-19 (n = 129) and patients with severe COVID-19 (n =
67) with reference to the Chinese management guideline for
COVID-19 (version 7.0) [16]. The case group was matched with
the control group 1:1, based on same sex, age difference not exceed-
ing 2 years and similar BMI. Finally, 67 patients with severe
COVID-19 (case group) and 67 patients with moderate
COVID-19 (control group) were enrolled for the study (Fig. 1).

The study was approved by the National Health Commission
of China and the Institutional Review Committee of Tongji
Hospital (Wuhan) affiliated to Tongji Medical College of
Huazhong University of Science and Technology. The ethics
committee of the designated hospital waived the requirement
for obtaining informed consent.

Definitions

A positive COVID-19 case was defined as a positive high-
throughput sequencing of nasopharyngeal swab specimens or
positive nucleic acid detection by real-time reverse transcription-
polymerase chain reaction (RT-PCR), according to the World
Health Organization interim guidelines [17].

Patients with moderate disease were defined as patients diag-
nosed with COVID-19 presenting with fever and respiratory
symptoms, and pneumonia manifestations visible via imaging.

Patients with severe disease were defined as patients diagnosed
with COVID-19 and they met any of the following criteria: (1)
respiratory distress with RR ⩾30 times/min; (2) peripheral oxygen
saturation (SpO2)≤ 93% at rest and (3) arterial partial pressure of
oxygen (PaO2)/fraction of inspired oxygen (FiO2) ≤300 mmHg
(1 mmHg = 0.133 kPa).

History of comorbidities was defined as a documented acute or
chronic illness, surgical injury, or adverse physical condition prior
to infection with COVID-19.

Data collection

We evaluated clinical and laboratory parameters of the two case
and control groups of patients during hospitalisation, and all

data were extracted from the hospital’s electronic medical records.
Data were independently collected and reviewed by two or more
medical professionals using standardised data sets. Demographic
characteristics included sex, age, comorbidities, time from the
onset of illness to hospital admission and length of hospital stay;
clinical symptoms included fever, diarrhoea, cough, chest distress
and fatigue; treatments included antivirals, antibiotics, corticoster-
oids, high-flow nasal cannula oxygen therapy (HFNC), intravenous
immunoglobulin (IVIG), invasive mechanical ventilation (IV),
non-invasive mechanical ventilation (NIV), extracorporeal mem-
brane oxygenation (ECMO) and others. Laboratory parameters
included physiological parameters (heart rate, blood pressure,
respiratory rate and oxygen saturation) and biological parameters
(blood cell counts, blood chemistry analysis, assessment of coagu-
lation, liver and kidney function, measurement of electrolytes, mar-
kers of inflammation and myocardial injury). All laboratory tests
were performed at the laboratory of Wuhan Tongji Hospital.

Statistical analysis

Formatched cases, categorical variableswere expressed as counts and
numerical percentages (%) and analysed using McNemar’s test.
Continuous variables were expressed as median and inter-quartile
range (IQR), paired t-test and Wilcoxon signed-rank test were used
as appropriate based onwhether the data conformed to a normal dis-
tribution. When comparing differences in cases by gender, categor-
ical variables were analysed using chi-squared (χ2) test or Fisher’s
exact test as needed. Comparisons of continuous variables were
made using the Mann−Whitney U test for they did not conform
to the normal distribution. Non-parametric Spearman’s correlation
analysis was used to analyse the correlation between variables and
severe COVID-19. Receiver operating characteristic (ROC) curve
analysis, single variable andmultivariable conditional logistic regres-
sion model analyses were used to analyse risk factors associated with
severe COVID-19. The variables included in the stepwise multivari-
able model analyses were risk factors of P value < 0.2 in single vari-
able analysis, while sex and age were included in the adjusted
model. Relative risks were estimated by calculating an odds ratio
(OR) and an adjusted odds ratio (aOR) at corresponding 95% confi-
dence intervals (CIs). A two-tailedP value < 0.05was considered stat-
istically significant. All statistical analyses were performed using IBM
SPSS Statistic version 26.0 (IBM Corp., Armonk, NY, USA).

Results

Demographic and clinical characteristics of patients with
COVID-19 patients between case and control groups

A total of 134 young and middle-aged patients with COVID-19
were enrolled for the study after exclusion of hospitalised patients
with COVID-19 who were over 50 and under 18 years old, as well
as pregnant and patients with a history of comorbidities, with a
median age of 43 years, median time from onset of illness to hos-
pitalisation of 10 days, and a median time in hospital of 17 days,
and 72 (53.7%) were male, 62 (46.3%) were female. The most
prevalent symptoms were fever (90.3%), followed by cough
(81.3%), chest distress (44.8%), whereas fatigue (29.9%) and diar-
rhoea (19.4%) were less likely to present in patients with
COVID-19. The most common treatment interventions used
were antivirals (97%), followed by antibiotics (72.4%).

The length of hospital stay was significantly longer in the
severe cases group than in the moderate control group (median
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time: 20 days vs. 14 days, P = 0.006), which was consistent with
the anticipated presumptive results. With reference to treatment
modalities, the use of antibiotics (P = 0.015), corticosteroids
(P < 0.0001) and NIV was considerably higher in the case group
than in the control group. Clinical parameters including heart
rate (P = 0.001), respiratory rate (P = 0.001), neutrophils
(P = 0.003), lactate dehydrogenase (LDH) (P < 0.0001), CRP
(P < 0.0001), procalcitonin (PCT) (P = 0.001), fibrinogen
(P = 0.007), IL-8 (P = 0.045), IL-10 (P = 0.019) significantly
increased in the case group when compared to the control
group. In addition, SpO2 (P < 0.0001), lymphocytes (P < 0.0001)
and albumin (P = 0.003) were substantially decreased in the case
group when compared to the control group (Table 1).

Demographic and clinical characteristics of patients with
COVID-19 based on gender

To investigate the disparity between parameters among patients
with COVID-19 based on gender, we further grouped patients by
sex. The results of the analyses revealed that apart from haemoglo-
bin, which exhibited distinct gender characteristics, other indicators
such as LDH (P = 0.005), creatinine (P < 0.0001), creatine kinase
(P = 0.008), CRP (P = 0.001), PCT (P < 0.0001), serum ferritin

(SF) (P < 0.0001), fibrinogen (P = 0.01) and hs-cTnI (P = 0.008)
levels were significantly higher in males than in females
(Table 2). Furthermore, patients of different gender demonstrated
significant differences among certain indicators in both the case
and control groups (Supplementary Tables S1 and S2). The obser-
vation was consistent with the findings of previous studies, which
have supported the hypothesis that males are more likely to suffer
severe clinical symptoms than females when infected by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2).

Independent risk factors associated with severe COVID-19

The correlation between parameters recorded during initial clinical
testing on admission and the occurrence of severe COVID-19
symptoms was analysed using Spearman’s correlation analysis to
further explore risk factors associated with severe COVID-19.
The analyses results revealed that there were negative correlations
between the levels of SpO2 (r =−0.372, P < 0.0001), lymphocytes
(r =−0.356, P < 0.0001) and the occurrence of severe COVID-19;
however, the levels of CRP (r = 0.423, P < 0.0001) and IL-10 (r =
0.474, P < 0.0001) were positively correlated with the occurrence
of severe COVID-19 (Supplementary Table S3). In addition,
ROC curve analyses revealed that SpO2 (AUC= 0.713, 95% CI

Fig. 1. A flow diagram representing recruitment of patients with COVID-19 for the study. *Other diseases included surgical histories, hepatitis, gout, anaemia, thy-
roid diseases, breast diseases, tuberculosis and obesity. COVID-19, Coronavirus disease 2019.
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Table 1. Demographic and clinical characteristics of patients diagnosed with moderate and severe COVID-19 on admission

Variables All patients (n = 134) Cases (n = 67) Controls (n = 67) P value

Sex, n (%)

Male 72 (53.7) 36 (53.7) 36 (53.7) –

Female 62 (46.3) 31 (46.3) 31 (46.3) –

Age, year (IQR) 43 (38, 47) 43 (37, 47) 44 (39, 47) –

Time from the onset of illness to hospital
admission, days (IQR)

10 (7, 14) 10 (7, 13) 10 (7, 15) 0.521

Length of hospital stay, days (IQR) 17 (14, 22) 20 (15, 25) 14 (13, 20) 0.006

Symptom, n (%)

Fever (temperature ⩾ 37.3 °C) 121 (90.3) 63 (94.0) 58 (86.6) 0.267

Diarrhoea 26 (19.4) 15 (22.4) 11 (16.4) 0.481

Cough 109 (81.3) 57 (85.1) 52 (77.6) 0.359

Fatigue 40 (29.9) 18 (26.9) 22 (32.8) 0.541

Chest distress 60 (44.8) 32 (47.8) 28 (41.8) 0.618

Treatment, n (%)

Antibiotics 97 (72.4) 55 (82.1) 42 (62.7) 0.015

Antiviral treatment 130 (97.0) 64 (95.5) 66 (98.5) 0.625

Corticosteroids 46 (34.3) 33 (49.3) 13 (19.4) <0.0001

IVIG 29 (21.6) 16 (23.9) 13 (19.4) 0.678

HFNC 2 (1.5) 2 (3.0) 0 (0.0) –

NIV 5 (3.7) 5 (7.5) 0 (0.0) –

IV 2 (1.5) 1 (1.5) 1 (1.5) 1.000

ECMO 1 (0.7) 1 (1.5) 0 (0.0) –

Physiological parameter (IQR)

Heart rate, times per min 90 (80, 101) 95 (83, 106) 83 (76, 98) 0.001

Systolic pressure 123 (115, 130) 123 (119, 131) 121 (112,130) 0.154

Diastolic pressure 78 (72, 88) 81 (71, 89) 78 (72, 87) 0.913

RR, breaths per min 20 (20, 22), n = 133 20 (20,23), n = 66 20 (19, 20) 0.001

SpO2, % 97 (95, 98), n = 126 95 (92, 97), n = 60 97 (96, 98), n = 66 <0.0001

Biological parameters (IQR)

WBC, × 109/l 5.3 (4.0, 6.8) 5.4 (4.0, 7.3) 5.3 (4.0, 6.5) 0.078

Neutrophil, × 109/l 3.7 (2.4, 5.0) 4.0 (2.8, 5.6) 3.3 (2.2, 4.2) 0.003

Lymphocyte, × 109/l 1.17 (0.83, 1.46) 0.89 (0.68, 1.33) 1.3 (1.1, 1.6) <0.0001

Haemoglobin, g/l 131 (122, 142) 131 (118, 142) 132 (123, 143) 0.387

Platelet, × 109/l 234.5 (171.8, 306.0) 230.0 (165.0, 294.0) 241.0 (173.0, 324.0) 0.091

Albumin, g/l 36.3 (32.9, 39.1) 34.8 (31.3, 37.6) 37.9 (33.7, 40.2) 0.003

LDH, U/l 272.5 (218.0, 362.3) 301.0 (242.0, 431.0) 236.0 (199.0, 302.0) <0.0001

NaHCO3, mmol/l 23.9 (22.2, 25.3) 23.6 (21.8, 25.3) 24.1 (22.7, 25.4) 0.806

Urea, mmol/l 3.6 (2.8, 4.5) 3.8 (2.7, 4.7) 3.5 (3.0, 4.2) 0.510

Creatinine, μmol/l 65.0 (54.8, 79.0) 66.0 (52.0, 84.0) 65.0 (57.0, 78.0) 0.977

Creatine kinase, U/l 74.5 (44.0, 163.5), n = 42 80.5 (36.5, 316.8), n = 20 69.0 (46.8, 116.3), n = 22 0.201

CRP, mg/l 26.2 (3.9, 65.4), n = 132 58.9 (13.0, 101.0) 10.8 (2.1, 31.8), n = 65 <0.0001

PCT, ng/ml 0.06 (0.03, 0.98), n = 88 0.06 (0.04, 1.53), n = 54 0.04 (0.03, 0.07), n = 34 0.001

SF, μg/l 564.8 (212.0, 1069.6), n = 40 524.8 (251.7, 1104.2), n = 23 604.7 (108.0, 1104.3), n = 17 0.941

(Continued )
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0.620–0.807), lymphocytes (AUC= 0.706, 95% CI 0.616–0.795),
CRP (AUC = 0.744, 95% CI 0.659–0.829) and IL-10 (AUC =
0.742, 95% CI 0.602–0.881) were potential predictive values for
severe COVID-19 (Supplementary Fig. S1, Table S4).

Single variable and multivariable conditional logistic regres-
sion model analyses were further performed to elucidate the
risk factors for severe COVID-19 after classifying parameters
into sub-groups with a cutoff value in the ROC curve analysis.
We subsequently identified 13 potential indicators of severe
COVID-19 after adjusting for sex and age, with CRP as the
most significant indicator (aOR = 2.651, 95% CI 1.599–4.506,
P < 0.0001) (Table 3). Furthermore, results of the stepwise multi-
variable analyses demonstrated that the independent risk factors
associated with severe COVID-19 were CRP (OR 1.798, 95% CI
0.975–3.316, P = 0.060), SpO2 (OR 1.630, 95% CI 0.933–2.849,
P = 0.086) and lymphocyte (OR 1.521, 95% CI 0.847–2.731, P =
0.160) and after the inclusion of sex and age, CRP (OR 2.037,
95% CI 1.078–3.847, P = 0.028), SpO2 (OR 1.639, 95% CI
0.943–2.850, P = 0.080) and lymphocyte (OR 1.530, 95% CI
0.850–2.723, P = 0.148) substantially influenced progression to
severe COVID-19 (Table 4). The results suggest that apart from
the effects of comorbidities, sex and age, increased CRP is poten-
tially a key risk factor for the progression of patients from
moderate-to-severe COVID-19, and, that decreased SpO2 and
lymphocyte counts could be associated with the occurrence of
severe symptoms to a lesser extent.

Interestingly, when further exploring gender-specific inde-
pendent risk factors associated with severe illness, we found
that indicators characterising infection, inflammation and
organic damage, including neutrophil, PCT, LDH and IL-10, gen-
erally showed greater OR values in male than in female
(Supplementary Table S5). And lymphopenia appeared to be a
superior risk factor for male patients, whereas increased CRP
and decreased SpO2 were the dominant independent risk factors
for female patients (Supplementary Table S6).

Correlation between the levels of CRP, SpO2 and lymphocytes
on admission and the incidence of patients with severe
COVID-19

Generally, the clinically normal range for CRP is less than 10mg/l.
CRP was grouped into three levels: <10mg/ml, 10–50mg/ml and

>50mg/ml and differences among the three groups evaluated.
The results revealed that the incidence of severe COVID-19 was
significantly higher in the >50mg/ml CRP group (37/46, 80.4%)
than in <10mg/ml (12/46, 32.6%) and 10–50mg/ml (15/40,
37.5%) groups (both P < 0.0001). Similarly, SpO2 was divided
into ≤95% and >95% groups based on the clinically normal
range. The results of comparisons revealed that incidence of severe
COVID-19 was considerably higher in the ≤95% group (32/41,
78.0%) than in the >95% group (28/85, 32.9%) (P < 0.0001).
Lymphocyte, which was divided into ≤0.8 and >0.8 groups, also
demonstrated higher incidence of severe COVID-19 in the ≤0.8
group (26/32, 81.3%) than in the >0.8 group (41/102, 40.2%) (P
< 0.0001) (Fig. 2).

Notably, CRP was significantly higher in males than in females
(P = 0.001) in relation to the comparisons of key clinical para-
meters in patients with COVID-19 based on gender (Table 2).
Therefore, further analyses of the proportion of males and females
at each level of CRP were conducted. The results revealed that no
matter in moderate or severe group, the higher the CRP level on
admission, the greater the proportion of male, which was more
significant in severe cases (P = 0.008) (Supplementary Fig. S1).
The observation suggested that CRP, as a risk factor for the occur-
rence of severe COVID-19, could have a more pronounced eleva-
tion in male patients than in female patients.

Discussion

Elderly patients with coexisting conditions have undergone
immense suffering due to their weak immunity as a result of
infection with COVID-19, and previous studies have described
advanced age and pre-existing conditions as independent risk fac-
tors of COVID-19 [18–21]. Unlike previous studies, this study
focused on young and middle-aged patients with no influence
of previous comorbidities, and we established that increased
CRP and decreased SpO2 and lymphocyte counts were signifi-
cantly associated with adverse progression in patients with
COVID-19, thereby exacerbating the risk of developing severe
COVID-19. Furthermore, in comparison to females, males exhib-
ited remarkably higher levels of multiple indicators associated
with inflammation, myocardial injury and kidney injury, includ-
ing LDH, creatinine, creatine kinase, fibrinogen, CRP, PCT, SF
and hs-cTnI than the females.

Table 1. (Continued.)

Variables All patients (n = 134) Cases (n = 67) Controls (n = 67) P value

Fibrinogen, g/l 5.2 (3.9, 6.0), n = 109 5.6 (4.5, 6.5), n = 50 4.7 (3.6, 5.7), n = 59 0.007

hs-cTnI, pg/ml 2.7 (1.9, 4.9), n = 94 3.1 (1.9, 8.0), n = 48 1.9 (1.9, 4.2), n = 46 0.093

IL-2R, U/ml 693.0 (526.0, 886.0), n = 51 743.0 (536.0, 1028.0), n = 27 654.5 (461.5, 842.5), n = 24 0.535

IL-6, pg/ml 11.3 (3.0, 30.9), n = 51 20.3 (5.6, 41.7), n = 27 6.5 (1.7, 19.8), n = 24 0.088

IL-8, pg/ml 13.0 (7.8, 22.5), n = 51 18.5 (10.3, 22.5), n = 27 10.3 (6.9, 24.3), n = 24 0.045

IL-10, pg/ml 5.0 (5.0, 9.0), n = 51 7.3 (5.0, 11.4), n = 27 5.0 (5.0, 5.0), n = 24 0.019

NT-proBNP, pg/ml 62.0 (19.8, 188.8), n = 86 86.5 (22.8, 294.8), n = 44 43.0 (29.3, 1.2), n = 42 0.117

D-Dimer, μg/ml 0.57 (0.34, 1.16), n = 127 0.68 (0.39, 1.16), n = 63 0.44 (0.29, 1.19), n = 64 0.294

IQR, interquartile range; IVIG, intravenous immunoglobin; HFNC, high-flow nasal cannula oxygen therapy; NIV, non-invasive mechanical ventilation; IV, invasive mechanical ventilation; ECMO,
extracorporeal membrane oxygenation; RR, respiratory rate; SpO2, peripheral oxygen saturation; WBC, white blood cell count; LDH, lactate dehydrogenase; CRP, C-reactive protein; PCT,
procalcitonin; SF, serum ferritin; hs-cTnI, hypersensitive cardiac troponin I; NT-proBNP, N terminal pro B type natriuretic peptide.
Data are shown as the median (IQR), n (%), n, where n is the actual number with available data. Categorical variables were analysed using McNemar’s test and continuous variables were
analysed using paired t-test or Wilcoxon signed-rank test as appropriate based on whether the data conformed to a normal distribution.
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Table 2. Demographic and clinical characteristics of male and female patients with COVID-19 on admission

Variables Male patients (n = 72) Female patients (n = 62) P value

Age, year (IQR) 42 (37, 47) 45 (39,47) 0.111

Time from the onset of illness to hospital admission, days (IQR) 10 (7, 14) 10 (7, 14) 0.404

Length of hospital stay, days (IQR) 18 (14, 24) 17 (13, 22) 0.695

Symptom, n (%)

Fever (temperature ⩾ 37.3 °C) 65 (90.3) 56 (90.3) 0.993

Diarrhoea 11 (15.3) 15 (24.2) 0.193

Cough 58 (80.6) 51 (82.3) 0.801

Fatigue 19 (26.4) 21 (33.9) 0.345

Chest distress 35 (48.6) 25 (40.3) 0.336

Treatment, n (%)

Antibiotics 55 (76.4) 42 (67.7) 0.264

Antiviral treatment 69 (95.8) 61 (98.4) 0.386

Corticosteroids 30 (41.7) 16 (25.8) 0.054

IVIG 20 (27.8) 9 (14.5) 0.063

HFNC 2 (2.8) 0 (0.0) 0.186

NIV 1 (1.4) 4 (6.5) 0.123

IV 2 (2.8) 0 (0.0) 0.186

ECMO 1 (1.4) 0 (0.0) 0.352

Physiological parameter (IQR)

Heart rate, per min 92 (81, 102) 88 (78, 101) 0.110

Systolic pressure 124 (118, 132) 120 (113, 129) 0.070

Diastolic pressure 80 (72, 90) 76 (70, 86) 0.070

RR, breaths per min 20 (20, 21), n = 71 20 (20,22) 0.488

SpO2, % 96(95, 98), n = 68 97 (95, 99), n = 58 0.283

Biological parameters (IQR)

WBC, × 109/l 5.3 (4.4, 6.7) 5.4 (3.9, 7.0) 0.815

Neutrophil, × 109/l 3.8 (2.5, 5.0) 3.6 (2.2, 4.7) 0.693

Lymphocyte, × 109/l 1.1 (0.78, 1.4) 1.2 (0.9, 1.5) 0.269

Haemoglobin, g/l 138 (129, 146) 124 (114, 131) <0.0001

Platelet, × 109/l 210.5 (162.8, 295.8) 242.0 (184.0, 312.8) 0.131

Albumin, g/l 36.3 (33.1, 38.7) 36.6 (32.8, 39.8) 0.560

LDH, U/l 304.0 (222.0, 424.8) 247.0 (211.8, 294.3) 0.005

NaHCO3, mmol/l 23.6 (21.9, 25.2) 24.1 (23.0, 25.5) 0.141

Urea, mmol/l 3.6 (2.8, 4.5) 3.6 (2.7, 4.6) 0.510

Creatinine, μmol/l 75.0 (65.0, 84.0) 50.0 (55.5, 65.0) <0.0001

Creatine kinase, U/l 139.0 (64.5, 195.5), n = 21 52.0 (36.0, 86.0), n = 21 0.008

CRP, mg/l 47.3 (9.6, 92.4), n = 70 12.3(2.5, 36.3) 0.001

PCT, ng/ml 0.09 (0.04, 0.16), n = 45 0.04 (0.02, 0.06), n = 43 <0.0001

SF, μg/l 965.6 (677.7, 1536.5), n = 17 225.0 (106.1, 604.7), n = 23 <0.0001

Fibrinogen, g/l 5.7 (4.5, 6.5), n = 59 4.3 (3.7, 5.3), n = 50 0.001

hs-cTnI, pg/ml 3.6 (1.9, 6.5), n = 47 1.9 (1.9, 3.5), n = 47 0.008

IL-2R, U/ml 808.5 (530.8, 992.5), n = 24 675.0 (474.0, 755.0), n = 27 0.160

IL-6, pg/ml 18.3 (6.0, 42.0), n = 24 6.3 (1.9, 23.3), n = 27 0.061

(Continued )
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Patients with severe COVID-19 were matched to moderate
controls based on age, sex and BMI, to minimise the potential
influence of common relevant demagogic confounders on the
results. The case group had significantly longer hospital stays

and a considerable need for assisted ventilation, as well as ten-
dency to require more aggressive therapeutic interventions such
as antibiotics and corticosteroids when compared to the control
group, which was consistent with previous findings [22, 23].

Table 2. (Continued.)

Variables Male patients (n = 72) Female patients (n = 62) P value

IL-8, pg/ml 15.2 (8.1, 21.0), n = 24 11.8 (7.7, 25), n = 27 0.651

IL-10, pg/ml 5.1 (5.0, 10.2), n = 24 5.0 (5.0, 7.3), n = 27 0.184

NT-proBNP, pg/ml 62.0 (18.0, 158.8), n = 44 62.5 (19.8, 201.0), n = 42 0.628

D-Dimer, μg/ml 0.57 (0.37, 1.17), n = 68 0.56 (0.31, 1.14), n = 59 0.617

IQR, interquartile range; IVIG, intravenous immunoglobin; HFNC, high-flow nasal cannula oxygen therapy; NIV, non-invasive mechanical ventilation; IV, invasive mechanical ventilation; ECMO,
extracorporeal membrane oxygenation; RR, respiratory rate; SpO2, peripheral oxygen saturation; WBC, white blood cell count; LDH, lactate dehydrogenase; CRP, C-reactive protein; PCT,
procalcitonin; SF, serum ferritin; hs-cTnI, hypersensitive cardiac troponin I; NT-proBNP, N terminal pro B type natriuretic peptide.
Data are shown as the median (IQR), n (%), n, where n is the actual number with available data. Categorical variables were analysed using chi-squared (χ2) test or Fisher’s exact test as
needed. Comparisons of continuous variables were analysed using the Mann−Whitney U test for they did not conform to the normal distribution.

Table 3. Single variable conditional logistic regression model for risk factors associated with severe COVID-19 on admission

Variables Crude odds ratio (95% CI) P value Adjusted odds ratioa (95% CI) P value

HR, times per min (>89.5 vs. <89.5) 1.739 (1.055–2.865) 0.030 1.799 (1.087–2.977) 0.022

RR, breaths per min (>20.5 vs. <20.5) 1.722 (1.063–2.791) 0.027 1.744 (1.074–2.830) 0.024

SpO2, % (<95.5 vs. >95.5) 2.369 (1.427–3.935) 0.001 2.359 (1.419–3.923) 0.001

Neutrophil, × 109/l (>3.89 vs. <3.89) 1.773 (1.088–2.889) 0.022 1.779 (1.091–2.900) 0.021

Lymphocyte × 109/l (<0.97 vs. >0.97) 1.434 (1.434–3.806) 0.001 2.319 (1.407–3.823) 0.001

Albumin, g/l (<36.7 vs. >36.7) 2.149 (1.273–3.626) 0.004 2.196 (1.299–3.712) 0.003

LDH, U/l (>290.0 vs. <290.0) 1.825 (1.126–2.959) 0.015 1.911 (1.155–3.161) 0.012

CRP, mg/l (>34.8 vs. <34.8) 2.441 (1.474–4.042) 0.001 2.651 (1.559–4.506) <0.0001

PCT, ng/ml (>0.11 vs. <0.11) 1.732 (0.991–3.028) 0.054 2.022 (1.043–3.920) 0.037

Fibrinogen, g/l (>4.97 vs. <4.97) 2.503 (1.330–4.708) 0.004 2.668 (1.362–5.226) 0.004

hs-cTnI, pg/ml (>2.25 vs. <2.25) 1.962 (1.053–3.655) 0.034 2.185 (1.137–4.199) 0.019

IL-6, pg/ml (>11.94 vs. <11.94) 1.912 (0.876–4.177) 0.104 2.032 (0.882–4.683) 0.096

IL-10, pg/ml (>5.1 vs. <5.1) 2.635 (1.207–5.754) 0.015 2.724 (1.213–6.117) 0.015

NT-proBNP, pg/ml (>189.5 vs. <189.5) 1.949 (1.062–3.575) 0.031 1.939 (1.054–3.566) 0.033

HR, heart rate; RR, respiratory rate; SpO2, peripheral oxygen saturation; LDH, lactate dehydrogenase; CRP, C-reactive protein; PCT, procalcitonin; hs-cTnI, hypersensitive cardiac troponin I;
NT-proBNP, N terminal pro B type natriuretic peptide.
aAdjusted for age and sex. All variables were classified into sub-groups with a cutoff value in the ROC curve analysis.

Table 4. Multivariable conditional logistic regression model for risk factors associated with severe COVID-19 on admission

Model 1 Model 2 Model 3

Variables
Odds ratio
95% CI P value

Odds ratio
95% CI P value

Odds ratio
95% CI P value

CRP, mg/l (>34.8 vs. <34.8) 1.798 (0.975–3.316) 0.060 2.034 (1.074–3.850) 0.029 2.037 (1.078–3.847) 0.028

SpO2, % (<95.5 vs. >95.5) 1.630 (0.933–2.849) 0.086 1.622 (0.933–2.821) 0.087 1.639 (0.943–2.850) 0.080

Lymphocyte, × 109/l (<0.97 vs. >0.97) 1.521 (0.847–2.731) 0.160 1.555 (0.876–2.761) 0.131 1.530 (0.850–2.723) 0.148

Sex (male vs. >female) – – 0.726 (0.417–1.266) 0.259 0.713 (0.406–1.250) 0.237

Age (year) – – – – 0.990 (0.946–1.035) 0.649

Model 1 represents unadjusted CRP, SpO2 and lymphocyte model. Model 2 includes CRP, SpO2 and lymphocyte with an additional covariate of sex. Model 3 includes CRP, SpO2 and
lymphocyte with additional covariates of sex and age. CRP, C-reactive protein; SpO2, peripheral oxygen saturation. A total of 92.54% (124/134) cases with available data were included in the
analysis.
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COVID-19 is characterised by disruption of the endothelial bar-
rier and decreased or impaired function of the alveolar-capillary
oxygen transport and diffusion [12]. However, patients with
severe COVID-19 often present with acute respiratory distress
syndrome (ARDS) described by bilateral pulmonary infiltrates,
profound hypoxemia and pulmonary oedema [24], which could
explain the high demand for ventilation in severe cases. Recent
studies on COVID-19 interventions and standard treatments
have revealed that glucocorticoids could be remarkably effective
in reducing mortality rates and the need for mechanical ventila-
tion in patients with severe disease [25]. Consequently, proactive
treatment regimens are expected to influence prognosis of patients
with severe COVID-19.

Conditional logistic regression analyses were performed based
on Spearman’s correlation and ROC curve analyses to identify
the risk factors associated with severe COVID-19. The 13 risk fac-
tors identified in the single variable analyses could be associated
with severity of COVID-19. Notably, increased CRP and IL-10,
and decreased SpO2 and lymphocyte counts demonstrated a high
correlation with severe cases, thereby serving as potential predictive
values, and the observation was consistent with the findings of pre-
vious studies [26, 27]. However, only CRP, SpO2 and lymphocyte
counts were identified as independent risk factors in the multivari-
able analyses, with lymphocyte counts as specific risk factors for
male and CRP and SpO2 for female. And the incidence of severe
COVID-19 was considerably influenced by levels of the above indi-
cators. CRP is a key and most sensitive acute-phase reaction pro-
tein, which usually increases substantially during the early stages
of an infection or injury of organs, and the magnitude of increase
is positively correlated with the degree of infection. The dramatic
increase in CRP levels can serve as a potential biomarker to
guide prognosis and treatment of inflammation. Increased CRP
levels predict severity in patients with COVID-19, signifies an
increased risk of death, which often features in predictive models
for patient prognosis [28, 29]. SpO2 is an indicator of respiratory
functions and demonstrates variations in arterial oxygenation to
indicate hypoxemia in patients to a certain extent. Patients with
severe COVID-19 are regularly affected by hypoxemia despite
being under assisted ventilation due to respiratory dysfunction
and impaired ventilation, resulting in difficulties in the mainten-
ance of SpO2 at normal levels. Previous studies have revealed that
SpO2 coupled with other indicators, facilitate assessment of risks

associated with poor progression in patients to mitigate substantial
impairments induced by refractory hypoxemia and respiratory fail-
ure during early stage [30].

Lymphopenia has been extensively reported in patients with
severe COVID-19 [31]. SARS-CoV-2 directly attacks lympho-
cytes, while humoral and cellular immunity causes viral inflam-
mation, which prevents lymphangiogenesis and accelerates
lymphocyte apoptosis [32], leading to a progressive decrease in
lymphocyte counts in patients. As high as 83% of hospitalised
patients were described to have lymphopenia [33], and being
the most common haematologic abnormality observed in
patients, the parameter could lack specificity in predicting pro-
gression of patients’ condition from moderate-to-severe
COVID-19. Cytokine storms are underlying mechanisms in the
pathogenesis of severe COVID-19, and are regularly mediated
by multiple complex inflammatory cytokines, which could be
associated with inhibition of antiviral adaptive response indicated
by the dramatic increases in cytokines including IL-10, and
coupled with lymphopenia [34]. The bilateral immunomodula-
tory properties of IL-10 can regulate pro-inflammatory signals
and exert immunosuppressive effects through antigen-presenting
cells (APC) cells, as well as stimulate T and B lymphocytes [35].
IL-10 is highly expressed in influenza and is more prominent in
adaptive immune response [36], thus reflecting the level of
immune response and cytokine storm trends in patients with
severe disease to a certain extent. Overall, previous studies form
a theoretical basis for the findings of this study, suggesting that
CRP and SpO2 are prognostic factors for severe COVID-19, and
lymphocyte counts and IL-10 provide useful information.

Moreover, the findings indicated that males exhibited consid-
erably higher levels of multiple inflammatory factors and markers
of cardiac and renal injury than the females regardless of
comorbidities and advanced age, which could imply that the
male population is more vulnerable to infection with SARS-
CoV-2. Previous studies have demonstrated that angiotensin-
converting enzyme 2 (ACE2), which is a receptor for
SARS-CoV-2, is widely distributed in various organs, in which
the virus attacks bronchial epithelium and lung cells [37].
Upregulation of ACE2 receptors can increase susceptibility to
SARS-CoV-2 and exacerbates COVID-19 progression. In general,
males express higher levels of ACE2 than females, especially in the
lungs, which could be associated with hormonal differences [38].

Fig. 2. Percentages of patients with severe COVID-19 at different concentrations of (a) CRP, (b) SpO2 and (c) lymphocyte. In this study, approximately 98.51% (132/
134), 94.03% (126/134) and 100% (134/134) of patients with COVID-19 had examinations for CRP, SpO2 and lymphocyte counts, respectively. A high proportion of
patients with severe COVID-19 exhibited high CRP concentrations, low SpO2 concentrations and low lymphocyte counts. With reference to CRP, 10 mg/l is the 99th
percentile upper reference limit (99th % URL), 50 mg/l indicates 5 × 99th % URL of CRP, while for SpO2, 95% is the 99th percentile upper reference limit (99th% URL),
and for lymphocyte counts, 0.8 × 109/l is the 99th percentile upper reference limit (99th% URL). COVID-19, corona virus disease 2019; CRP, C-reactive protein; SpO2,
peripheral oxygen saturation.
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In addition, chronic smoking, which is prevalent among the male
population, has an effect on ACE2 expression [39]. In this study,
this finding could explain the variations in susceptibility to
COVID-19 among patients of different gender, suggesting that
treatments and interventions should be adopted based on gender.

This study had a few shortcomings that need to be addressed in
future studies. Firstly, being a retrospective study, data on patient
comorbidities and clinical manifestations were based on dictated
information, which could be biased. Secondly, data on certain
clinical parameters were incomplete and dynamic laboratory test
results were unavailable because of the sudden outbreak of
COVID-19 pandemic. Thirdly, the number of young and
middle-aged patients with COVID-19 patients with no comorbid-
ities in this study was relatively limited, especially because disease
severity was more homogeneous. Therefore, the results obtained
in this study should be validated using a larger population.
Finally, most of the patients with severe disease recruited in this
study survived via treatments; however, further studies are required
to obtain additional information on risk factors associated with
mortality cases without comorbidities and advanced age.

Nevertheless, this study has the following strengths. To the best
of our knowledge, this is the first study that adopted nested case−
control study to evaluate patients with COVID-19 independent of
disease history, and the effects of advanced age, gender mismatch
and BMI differences were excluded where necessary to explore
potential clinical risk indicators. A comparison of the clinical
examination results of patients with COVID-19 based on genders,
but with similarities in age and other demographic information,
facilitates designing of individualised treatment regimens and
rapid triaging of patients. Additionally, the information could be
helpful for early surveillance of the disease to assess risks of labora-
tory outcomes associated with disease progression among severe
cases, to promote effective planning and enhance quality of care.

Conclusions

Overall, this study revealed that increased CRP levels, decreased
SpO2 and lymphocyte counts could serve as potential predictors
of severe COVID-19, independent of comorbidities, advanced
age and sex, and that the greater the change in indicators, the
higher the incidence of disease severity. Furthermore, males
exhibited substantial increases in indicators of severe COVID-19
and inflammatory markers associated with organ impairment
including CRP when compared to the females, suggesting that
males are more susceptible to developing severe symptoms of
COVID-19 than females.
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