
www.biosciencetrends.com

BioScience Trends. 2020; 14(4):285-289. 285

Analysis of coagulation parameters in patients with COVID-19 in 
Shanghai, China

Ying Zou1,§, Hongying Guo1,§, Yuyi Zhang1, Zhengguo Zhang1, Yu Liu1, Jiefei Wang1, 
Hongzhou Lu2,*, Zhiping Qian1,*

1 Department of Severe hepatopathy, Shanghai Public Health Clinical Center, Fudan University, Shanghai, China;
2 Department of Infectious Disease and Immunology, Shanghai Public Health Clinical Center, Fudan University, Shanghai, China.

1. Introduction

Coronavirus disease 2019 is caused by a novel beta 
coronavirus, on February 12, 2020, the International 
Committee on Taxonomy of Viruses (ICTV) named the 
virus SARS-CoV-2 (severe acute respiratory syndrome 
coronavirus 2), and on the same day, the World Health 
Organization (WHO) named the disease COVID-19. 
As of March 2, 2020, the number of confirmed cases 
in China had exceeded 80,000 and the number of cases 
outside China had exceeded 10,000, resulting in more 
than 3,000 deaths and a crude case fatality rate close to 
3% (1), posing a huge threat to human life and safety. 
Up to date, the number of COVID-19 patients is still 
rapidly increasing worldwide, which is a threat to the 
health and lives of people all over the world. The main 
clinical symptoms of COVID-19 are fever, dry cough, 
and fatigue; while the main abnormalities in laboratory 
parameters are lymphopenia, elevated liver enzymes, 
elevated LDH, CRP, and erythrocyte sedimentation 

rate (1-5). Elevated troponin and D-dimer are observed 
in severe cases (6). In previous studies, 173 of 1,099 
patients were clinically classified as severe or critically 
ill, with a severity rate of 15.7% (3). Different studies 
reported mortality rates varied 4.3% to 14.6%. Organ 
insufficiency and coagulopathy were closely associated 
with high mortality (7,8).
 There have been few reports on the analysis of 
coagulopathy in patients with COVID-19. A previous 
study reported abnormalities in coagulation-related 
parameters in 183 patients at Wuhan Tongji Hospital 
at admission and during hospitalization. The study 
found that prothrombin time, fibrinogen, D-dimer, and 
fibrinogen degradation products of patients in the non-
surviving group were elevated compared to those in 
the surviving group, suggesting that coagulopathy may 
be associated with prognosis, and may guide clinical 
treatment (6). To further investigate the correlation 
between coagulopathy and disease, we analyzed 303 
patients in Shanghai diagnosed with novel coronavirus 
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To investigate the characteristic of coagulation function in 303 patients with Coronavirus disease 
2019 (COVID-19), we evaluated the correlation between coagulation function and disease status. We 
retrospectively analyzed 303 patients diagnosed with COVID-19 and evaluated the clinical data of 
240 patients who were discharged. The coagulation function of the two groups (mild and severe) was 
compared. Compared with the mild group, majority of patients in the severe group were male (76.9% 
vs. 49.8%) and elderly (median age 65 vs. 50), and the proportion with chronic underlying diseases 
was higher (73.1% vs. 36.1%). There were 209 abnormalities (69.0%) of coagulation parameters in 
303 patients admitted to hospital. Comparison of various indexes of coagulation function between 
the two groups in admission, the proportion of abnormal coagulation indicators in the severe group 
was higher than that in the mild group (100% vs. 66.1%). The median coagulation parameters in the 
severe group were higher than those in the mild group: international normalized ratio (1.04 vs. 1.01), 
prothrombin time (13.8 vs. 13.4) seconds, activated partial thromboplastin time (43.2 vs. 39.2) seconds, 
fibrinogen (4.74 vs. 4.33) g/L, fibrinogen degradation products (2.61 vs. 0.99) µg/mL, and D-dimer 
(1.04 vs. 0.43) µg/mL, the differences were statistically significant (p < 0.05). Coagulation dysfunction 
is common in patients with COVID-19, especially fibrinogen and D-dimer elevation, and the degree 
of elevation is related to the severity of the disease. As the disease recovers, fibrinogen and activated 
partial thromboplastin time also return to normal.



www.biosciencetrends.com

BioScience Trends. 2020; 14(4):285-289.

pneumonia and followed up on the dynamic changes 
of coagulation function in 240 patients who achieved 
clinical cure and were discharged.

2. Subjects and Methods

2.1. Research subjects

Between January 20 and February 24, 2020, 324 adult 
patients with confirmed COVID-19 were admitted to 
the Shanghai Public Health Clinical Center, of which a 
total of 303 patients were included in the study. Among 
them, there was 1 mild case, 276 moderate cases, 
10 severe cases, and 16 critical cases. All patients 
were diagnosed and classified based on the criteria 
in the "Diagnosis and Treatment Protocols for Novel 
Coronavirus Pneumonia (7th draft edition)" (9). As of 
February 24, 2020, 240 patients had been discharged, 
including 1 mild case, 234 moderate cases, and 5 severe 
cases.

2.2. Methods

Clinical data and baseline coagulation function data was 
collected from the 303 patients at the time of admission. 
Among them, the coagulation function of the 240 
patients, who recovered and were discharged, were 
retrospectively analyzed. These cases were divided into 
two groups based on disease severity: mild (including 
mild and moderate) and severe (including severe and 
critical). The baseline coagulation functions of the 
two groups were compared to assess the correlation 
between coagulation function and disease severity. The 
coagulation function of the 240 discharged patients at 
admission and at discharge were compared, and the 
changes in coagulation function were followed up.

2.3. Statistics

Data were processed using SPSS 19.0 statistical 
software. Non-normally distributed measurement data 
were presented using the median (interquartile range), 
and the Mann-Whitney test was used to compare 
between groups (for non-normally distributed data). 
Qualitative data were expressed as frequencies or rates, 
and the chi-square test or Fisher's exact test was used 
for comparisons between groups. Results with p < 0.05 
were considered statistically significant.

3. Results

3.1. Baseline characteristics of patients with COVID-19

A total of 303 patients diagnosed with COVID-19 were 
included in this study, consisting of 1 mild case, 276 
moderate cases, 10 severe cases, and 16 critical cases. 
These cases were divided into two groups based on 
the disease severity: a mild group (including mild and 
moderate) and a severe group (including severe and 
critical); the rate of severe cases was 8.6%. There were 
158 males and 145 females, the median age was 51 
years (Age range: 16-88 years). The median time from 
the disease onset to admission was 4 days (2-8 days). 
Mild and severe groups showed statistically significant 
differences in sex ratio, age distribution, and presence of 
chronic underlying diseases. In the severe group, there 
were more males, many patients were middle-aged or 
elderly, and there was a higher proportion of chronic 
underlying diseases, including 11 cases of hypertension, 
8 cases of fatty liver disease, 5 cases of coronary heart 
disease, 6 cases of diabetes, 3 cases of chronic bronchitis, 
1 case of malignant cancer, 1 case of chronic kidney 
disease, 1 case of cerebral infarction, and 1 case of 
hypothyroidism. There were no statistically significant 
differences between the two groups in smoking history 
or time from onset to admission (Table 1).

3.2. Analysis of abnormal coagulation parameters at 
admission

Coagulation function examination of the 303 patients at 
admission revealed abnormal parameters in a total of 209 
(69.0%) cases. The most common abnormal parameters 
were fibrinogen (FIB) (195 cases, 64.3%) followed by 
D-dimer (129 cases, 42.6%), prolonged prothrombin 
time (PT) (56 cases, 18.5%), abnormal activated partial 
thromboplastin time (APTT) (66 cases, 21.8%), which 
was increased in 57 cases (18.8%) and decreased in 
9 cases (3.0%); and elevated fibrinogen degradation 
products (FDP) in 19 cases (6.3%). The proportion of 
abnormal coagulation parameters in the severe group 
was higher than in the mild group (100% vs. 66.1%), of 
which the proportions of abnormal fibrinogen (80.8% 
vs. 62.8%), D-dimer (80.8% vs. 39.0%), activated partial 
thromboplastin time (34.6% vs. 20.6%), prothrombin 
time (38.5% vs. 16.6%), and fibrinogen degradation 
products (19.2% vs. 5.1%) were higher than in the mild 
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Table 1. Comparison of baseline demographic characteristics of patients in the mild and severe groups

Items

Males (patients (%))
Age (years)
Chronic underlying disease (patients (%))
History of smoking (patients (%))
Time from onset to admission (days)

Mild (n = 277)

138 (49.8%)
 50 (36-63)
100 (36.1%)
12 (4.3%)

  4.0 (2.0-8.0)

 p-value

   0.008
< 0.001
< 0.001
   0.607
   0.268

Severe (n = 26)

 20 (76.9%)
65 (63-76)
 19 (73.1%)
 2 (7.7%)

 5.5 (3.0-7.3)

Statistic

X2 = 7.0
       Z  = - 4.736

  X2 = 13.6
/

   Z  = -1.11
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3.3. Characteristics in coagulation function at admission 
and at discharge

The 240 patients who were discharged included 1 
mild case, 234 moderate cases, and 5 severe cases. 
The median time of hospital stay was 14 days (11-19 
days). Comparing the coagulation function of patients 
at admission and at discharge showed that fibrinogen 
degradation products were elevated. Median INR, 
prothrombin time, and D-dimer at discharge were 
decreased compared to the values at admission, but the 
differences were not statistically significant. Median 
fibrinogen decreased and median APTT was significantly 
shortened (Table 4).

4. Discussion

We analyzed the baseline data of 303 patients collected 
at the time of admission and found a total of 26 
severe and critical cases of COVID-19 diagnosed in 
the Shanghai area. The rate of occurrence of severe 

group (Figure 1).
 Comparison of coagulation function parameters at 
admission between the mild and severe groups showed 
that median INR, PT, APTT, FIB, FDP, and D-dimer 
were higher in the severe group compared to the mild 
group (Table 2); all differences were statistically 
significant (Table 3).
 Further analysis of fibrinogen and D-dimer, the 
two most frequently abnormal coagulation function 
parameters, showed that about half of the patients in 
the mild and severe groups had a mild elevation in 
fibrinogen, and the proportion of patients with fibrinogen 
> 7.0 g/L in the severe group was significantly higher 
than in mild group (19.1% vs. 5.7%). The proportion 
of patients with elevated D-dimer < 2 ULN was 64.8% 
in the mild group but only 33.3% in the severe group. 
Further, in the severe group, more than 50% of patients 
had elevated D-dimer > 2 ULN; particularly, the 
proportion with D-dimer > 10 ULN was significantly 
higher in severe groups than in the mild group (19.0% vs. 
3.7%) (Figure 2).

Table 2. Coagulation function parameters at admission in the 303 patients

Items

INR
PT (s)
APTT (s)
FIB (g/L)
FDP (µg/mL)
D-dimer (µg/mL)

Reference range

11.0-14.0
32.0-43.0
2.0-4.0
   0-5.0
   0-0.5

Maximum

  2.15
  24.4
110.6
  10.5
   150
  20.1

The table shows the reference range, median, interquartile range, maximum, and minimum values of coagulation function parameters for the 303 
admitted patients.

Median

1.01
13.4
39.6
  4.4
1.05
0.45

Interquartile range

0.97-1.05
13.0-13.8
36.4-42.7
3.65-5.41
0.58-2.09
0.31-0.81

Minimum

0.84
11.6
28.5
1.34
0.01
0.04

Table 3. Comparison of coagulation function parameters between the mild and severe groups

Items

INR
PT (s)
APTT (s)
FIB (g/L)
FDP (µg/mL)
D-dimer (µg/mL)

Mild (n = 277)

1.01 (0.97-1.05)
13.4 (13.0-13.8)
39.2 (36.3-42.4)
4.33 (3.57-5.37)
0.99 (0.52-1.98)
0.43 (0.31-0.77)

 p-value

   0.003
   0.003
< 0.001
   0.038
< 0.001
< 0.001

Severe (n = 26)

1.04 (1.01-1.14)
13.8 (13.4-14.8)
43.2 (41.0-49.7)
4.74 (4.21-5.84)
2.61 (1.44-4.48)
1.04 (0.73-1.72)

Statistic

Z = -2.965
Z = -2.943
Z = -3.792
Z = -2.080
Z = -4.478
Z = -5.156

Figure 1. Proportion of abnormal coagulation function parameters at admission in the 303 patients in the mild and severe groups. A: 
Proportion of abnormal coagulation parameters at admission in the 303 patients. B: Proportion of abnormal coagulation parameters at admission 
in the mild and severe groups. Legend: green, mild; blue, severe.
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cases was 8.6%, which was lower than previous 
reports (3,7,8). The severe cases had a relatively high 
proportion of males, were relatively older, and had 
more underlying diseases, which is consistent with 
previous reports (1,3). Analysis of coagulation function 
data showed that the incidence of abnormalities in 
conventional coagulation function parameters was 
higher in patients with severe cases compared to 
mild cases, and the magnitude of these increases was 
significant, suggesting that coagulopathy is more 
serious in severe patients, and significant coagulopathy 
correlates with the degree of disease severity to some 
extent (6).
 The incidence of coagulopathy in all patients at the 
time of admission showed abnormalities of varying 
degrees in conventional coagulation function parameters. 
In particular, the incidence of abnormal fibrinogen 
reached 64.3% and the occurrence of abnormal D-dimer 
was 42.6%. These results suggest that fibrinogen and 
D-dimer are not only significantly increased in patients 
with severe cases but also increased to varying extent in 
a considerable proportion of patients with mild cases; 
however, a more significant increase was observed in 
patients with severe cases. This finding is consistent 
with previous reports (6). More significantly, we 
found that fibrinogen indicators improved significantly 
by the time of discharge, suggesting that fibrinogen 
levels normalized during recovery. This indicator may 
be used as a serum biomarker for predicting disease 
outcomes and good prognosis of COVID-19. Fibrinogen 
is a coagulation protein synthesized by the liver and 
promotes platelet aggregation, red blood cell adhesion 
and thrombosis, and is an important factor in coagulation 

and thrombosis. Based on autopsy and histopathological 
biopsy observations of patients with COVID-1, fibrinous 
exudates, intravascular hyaline thrombi, and pulmonary 
interstitial fibrosis were found in the alveoli, and 
microthrombi were found in the liver and kidney (9). 
Previous studies have reported that fibrin was abnormally 
elevated in the lungs of patients infected with SARS-
CoV, and continuous excessive fibrin accumulation 
in the alveoli led to acute inflammation and chronic 
pulmonary fibrosis. Fibrin accumulation is a hallmark 
of acute respiratory distress syndrome and a reduced 
capacity to remove fibrin deposits results in poor clinical 
patient outcomes (10). Current research shows that 
SARS-CoV-2 is over 85% homologous to bat SARS-like 
coronavirus. So, it is speculated that a certain proportion 
of patients, especially critically ill patients, may have 
elevated fibrinogen after SARS-CoV-2 infection. 
Whether or not this is the underlying mechanism of the 
injury to the lung or other organs requires further study.
 A recent retrospective analysis of 21 COVID-
19-related fatalities showed that the incidence of 
disseminated intravascular coagulation (DIC) was 71.8% 
(6), which warns us that we must be highly vigilant 
about the possibility of DIC in critically ill patients. 
Current research suggests that cytokine release syndrome 
(CRS) caused by immune imbalance following 
SARS-CoV-2 infection may be an important cause of 
diffuse microvascular injury. Researchers analyzed 30 
immunological parameters in the blood of 33 COVID-19 
patients and speculated that the mechanism of 
inflammatory damage may be T cell activation following 
SARS-CoV-2 infection and production of a large amount 
of granulocyte-macrophage colony-stimulating factor 

Figure 2. Distribution of fibrinogen and D-dimer values in the mild and severe groups. A: Distribution of fibrinogen (g/L), B: Distribution of 
D-dimer (µg/mL). Legend: green, mild; blue, severe.

Table 4. Comparison of coagulation function parameters in the 240 patients at admission and at discharge

Items

INR
PT (s)
APTT (s)
FIB (g/L)
FDP (µg/mL)
D-dimer (µg/mL)

Admission

1.01 (0.97-1.05)
13.4 (13.0-13.8)
39.3 (36.4-42.2)
4.42 (3.61-5.24)
0.99 (0.52-1.93)
0.44 (0.31-0.78)

 p-value

   0.135
   0.140
< 0.001
< 0.001
   0.954
   0.473

Discharge

1.00 (0.96-1.03)
13.3 (12.9-13.7)
37.0 (34.7-39.5)
3.82 (3.27-4.79)
1.10 (0.46-1.90)
0.43 (0.29-0.71)

Statistic

Z = -1.495
Z = -1.477
Z = -5.895
Z = -4.534
Z = -0.058
Z = -0.717



www.biosciencetrends.com

BioScience Trends. 2020; 14(4):285-289. 289

and IL-6, which induces a cascade of inflammatory 
factors (11). IL-6 can cause coagulopathies through many 
pathways. Cytokine storm interacts with coagulopathies 
to form a vicious cycle, which is directly correlated with 
poor prognosis (12). For patients with elevated IL-6, 
timely administration of the IL-6 inhibitor tocilizumab 
may improve CRS and reduce the risk of DIC (13). 
We observed a significant difference in D-dimer and 
FDP between the severe and mild groups. In particular, 
the patients in the high D-dimer interval, there was a 
significantly higher proportion of patients with severe 
cases than patients with mild cases, which may be related 
to the higher probability of DIC in critically ill patients. 
Therefore, these are important evaluation parameters for 
DIC. In addition to CRS caused by inflammatory factor 
storms in critically ill patients, septic shock occurs in a 
significant proportion of the population, which is also 
one of the common causes of DIC (14,15).
 There are also many limitations in this study. The 
research data comes from a single-center clinical 
retrospective study. The rate of exacerbation and the 
incidence of coagulopathies in patients may not be 
representative of the entire disease population, and there 
was no in-depth dynamic follow-up and analysis of the 
relationship between coagulation function and prognosis 
in critically ill patients. A multi-center study with a larger 
sample size is needed to verify our results. Nevertheless, 
our study suggests that coagulopathy is common among 
COVID-19 patients and that DIC-related parameters 
are significantly elevated in patients with severe cases 
compared to those with mild cases. Nearly 65% of 
patients had elevated fibrinogen to varying degrees, 
and the increase was more pronounced in critically ill 
patients. This indicator improved correspondingly as they 
recovered from the disease, suggesting that fibrinogen 
may be associated with the disease process.
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