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D-dimer daily continuous tendency predicts
the short-term prognosis for COVID-19
independently: A retrospective study from
Northeast China
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Abstract.
BACKGROUND AND OBJECTIVE: To study whether D-dimer daily continuous tendency could predict the short-term
prognosis of COVID-19.
PATIENTS AND METHODES: According to the short-term prognosis, 81 COVID-19 patients were divided into two
groups, one of worse prognosis (Group W) and the other of better prognosis (Group B). The slope of D-dimer linear
regression during hospitalization (SLOPE) was calculated as an indicator of D-dimer daily continuous tendency. The SLOPE
difference between Group W and Group B was compared. The difference between the discharge results and the 3-month
follow-up results was also compared. COX regression analysis was used to analyze the relationship between SLOPE and
short-term prognosis of COVID-19.
RESULTS: There were 16 patients in Group W and 65 patients in Group B. Group W had more critical proportion (p < 0.0001),
indicating that the symptoms of its patients were more severe during hospitalization. ARDS, the most visible cause of worse
prognosis, accounted for up to 68.75%, and many symptoms merged and resulted in worse prognosis. The D-dimer levels of
Group W not only were significantly higher (p < 0.0001), but also showed an increasing trend. In addition, the D-dimer levels
at discharge were significantly higher than those at follow-up (p = 0.0261), and the mean difference was as high as 0.7474.
SLOPE significantly correlated with the short-term prognosis of COVID-19 independently (RR: 1.687, 95%CI: 1.345–2.116,
P < 0.0001). The worst prognosis occurred most likely during the first month after COVID-19 diagnosis.
CONCLUSION: Our study found that D-dimer daily continuous tendency independently correlates with worse prognosis
and can be used as an independent predictor of the short-term prognosis for COVID-19.
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1. Background and objective

Since December 2019, an outbreak of coronavirus disease 2019 (COVID-19) spread worldwide
and the World Health Organization declared the COVID-19 as a pandemic on March 11, 2020 [1–3].
Upon viral infection of endothelial cells (ECs) by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), ECs become activated and dysfunctional, which contribute to the elevated levels of pro-
inflammatory cytokines, chemokines, von Willebrand factor antigen and its activity, and factor. Higher
levels of acute phase reactants such as D-dimer are also associated with SARS-CoV-2 infection [4, 5].
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Therefore, it is reasonable to presume that endothelial dysfunction contributes to COVID-19-associated
vascular inflammation, particularly endothelitis, in lung, heart, and kidney, as well as COVID-19-
associated coagulopathy, pulmonary fibrinous microthrombi in the alveolar capillaries [6, 7]. The
endothelitis caused by the direct endothelial infection of SARS-CoV-2 and the indirect damage caused
by inflammation play a remarkable role in the development of COVID-19-associated coagulopathy [8].
Therefore, we deduce that the tendency of D-dimer can predict the severity and outcome of COVID-19.
D-dimer daily continuous tendency could be calculated using the slope of linear regression depending
on the daily D-dimer test results, which can be seen in the hospital information system. Our study
aimed to study whether D-dimer daily continuous tendency could predict the short-term prognosis
for COVID-19.

2. Patients and methods

2.1. General information collection

Retrospective analysis was performed on the clinical data of COVID-19 patients diagnosed at the
COVID-19 Treatment Center in Heilongjiang Province from February to May 2020, including demo-
graphic and clinical diagnosis information. Diagnosis and classification of COVID-19 were based on
China’s COVID-19 Diagnosis and Treatment Protocol (Trial Version 7th, promulgated by the National
Health Commission of China and the National Administration of Traditional Chinese Medicine, no
English version). There are four types of COVID-19: light, moderate, severe, and critical. Basic diseases
include respiratory failure, hypertension, thrombotic diseases (upper and lower limb vein, portal vein
thrombosis), diabetes mellitus, coronary heart disease (CHD), liver injury, anemia, infarction (lacunar
cerebral infarction, old cerebral infarction), hypoproteinemia, atrial fibrillation (AF), etc. Patients with
COVID-19 were followed up for 3 months to record their short-term prognosis. During the follow-up,
the worse prognosis was defined as coma, death and other malignant events, and the time as well as the
clinical diagnosis were recorded when the worse prognosis occurred. The better prognosis was defined
as the cure of COVID-19 without observing malignant events such as coma and death. According to
the short-term prognosis, COVID-19 patients were divided into one group of worse prognosis (Group
W) and another group of better prognosis (Group B). The identity documents of patients in the two
groups were IDW and IDB respectively. Statistics show that a total of 130 COVID-19 patients were
diagnosed and treated in our center, including 24 patients whose D-dimer levels were not tested and 25
patients whose D dimer levels were not tested continuously (defined as having 3 or more). Therefore,
81 COVID-19 patients were included in this study (Fig. 1).

2.2. D-dimer sample collection and detection

D-dimer samples were collected from the peripheral venous blood of COVID-19 patients with
109 mmol/L sodium citrate anticoagulant tube (3 ml, BD Company, USA). A low-speed centrifuge
was used to obtain plasma at 3500 rpm for 10 min. The detection reagent was an original D-dimer
detection kit produced by Japan SEKISUI Company, and the detection instrument was a Coapresta
3000 of Japan SEKISUI automatic coagulation analyzer. The unit was DDU: �g/ml, and the cutoff
value was 1.0 DDU (�g/ml). The D-dimer levels of COVID-19 patients were tested consecutively
during hospitalization and once at 3-month follow-up. The test frequency was 0.5–4 times per day
based on the needs of patients during hospitalization. The average of D-dimer levels tested multiple
times on the same day was used as the test result of D-dimer on the same day. The slope of linear
regression of D-dimer results (SLOPE) during hospitalization of each COVID-19 patient was calculated
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Fig. 1. a: The flowchart of subjects included in this study. b: Sex differences between the two groups was not significant.
c: Age differences between the two groups was not significant. d: COVID-19 types differences between the two groups
was significant (p < 0.0001), all COVID-19 type in Group W was critical, while the proportion of each type in Group B
was moderate (3.1%), severe (86.2%) critical (10.8%), respectively. But the basic disease composition between the two
groups was not significant. e: Length of stay in hospital differences between the two groups was not significant. f: When the
worse prognosis was occurred, clinical diagnosis was analyzed, visible causes of worse prognosis were ARDS, respiratory
failure (type I), shock (including septic shock and cardiac shock), sepsis, acute liver failure, heart failure, AE-COPD, fungal
infection, pulmonary embolism. ARDS accounted for the up to 68.75%. Abbreviations: CHD: coronary heart disease;
AF: atrial fibrillation; ARDS: acute respiratory distress syndrome; AE-COPD: acute exacerbation of chronic obstructive
pulmonary disease.

as an indicator of D-dimer daily continuous tendency, and the difference in SLOPE between Group
W and Group B was compared. D-dimer levels were tested once during the follow-up as the control
result. The difference between the discharge results and the follow-up results of Group B patients was
compared, and the change pattern of D-dimer levels during COVID infection was analyzed.

2.3. Statistical analysis

The measurement data was expressed as mean ± SD or median (P25, P75) interquartile spacing, and
the counting data was expressed as percentage. T-test was used for the comparison of normal distribu-
tion measurement data; non-parametric test was used for the comparison of non-normal distribution
measurement data, counting data and grade data (Mann-Whitney U test). Spearman correlation analysis
was used for univariate and multivariate correlation analysis; COX regression was used for univariate
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and multivariate regression analysis; and p-value<0.05 was used for all items included in regression
equation. COX regression analysis was used to analyze the factors affecting the worse prognosis of
COVID-19 patients, and to analyze whether SLOPE could be used as a predictor. SPSS19.0 statisti-
cal Software (IBM Inc., USA) was used for data analysis; GraphPad Prism 7.0 Software (GraphPad
Software Inc., USA) was used for graphics rendering; and COVID-19 survival factor COX nomogram
was drawn by RStudio (RStudio, Inc., USA), �= 0.05.

2.4. Ethical issues

The Ethics Committee of the First Affiliated Hospital of Harbin Medical University approved this
study (No. 202014), and all enrolled patients gave their written informed consent.

3. Results

3.1. General data analysis

In this study, 81 COVID-19 patients, 16 in Group W and 65 in Group B, were successfully included
(Fig. 1a). We analyzed the sex, age, COVID-19 type, and length of stay between the two groups. One
statistically significant difference between the two groups was the COVID-19 type (p < 0.0001): the
COVID-19 type of all patients in Group W was critical, while the proportion of each type in Group
B was moderate (3.1%), severe (86.2%), and critical (10.8%) respectively, showing that Group W
had more critical patients than Group B, and the symptoms were more severe during hospitalization
(Fig. 1b-1e). There was no significant difference in the basic symptom composition between the two
groups. When the worse prognosis occurred, the clinical diagnosis was analyzed, showing visible
causes of worse prognosis were acute respiratory distress syndrome (ARDS), respiratory failure (type
I), shock (including septic shock and cardiac shock), sepsis, acute liver failure, heart failure, acute
exacerbation of chronic obstructive pulmonary disease (AE-COPD), fungal infection, and pulmonary
embolism. ARDS accounted for the largest proportion, up to 68.75%, and many diseases often appeared
to merge and resulted in worse prognosis, the worst even exhibiting 6 different diseases at the same
time (Fig. 1f).

3.2. Analysis of D-dimer results showed that SLOPE positively correlated with poor prognosis of
COVID-19

Through analysis, we found that not only the D-dimer levels in Group W were significantly higher
than Group B (p < 0.0001) (Fig. 3c), but the test results showed an increasing trend as well (Figs. 2, 3a-
3b). The slope of the D-dimer level trend was calculated by linear regression, and a significant difference
was also found between the two groups (p = 0.0022) (Fig. 3d). Correlation analysis showed that SLOPE
significantly positively correlated with short-term worse prognosis (p = 0.0381). In addition, D-dimer
SLOPE significantly correlated with age (p = 0.0027) and diabetes diagnosis (p = 0.0140). Furthermore,
we analyzed the difference in D-dimer levels between discharge and follow-up. D-dimer levels at
discharge were significantly higher than those at follow-up (p = 0.0261), with mean difference as high
as 0.7474 (Fig. 3e).
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Fig. 2. D-dimer detection results of every patient in the two groups.

3.3. COX regression analysis showed that SLOPE was an independent predictor for short-term
prognosis of COVID-19

Univariate COX regression analysis showed that SLOPE significantly positively correlated with
short-term worse prognosis of COVID-19 (RR: 1.414, 95%CI: 1.186–1.678, p = 0.0001). Meanwhi-
le, ARDS (RR: 21.202, 95%CI: 7.369–61.002, p < 0.0001), shock (RR: 19.184, 95%CI: 6.799–54.132,
p < 0.0001), sepsis (RR: 15.016, 95%CI: 3.986–56.830, p < 0.0001) and heart failure (RR: 6.892,
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Fig. 3. 3a. D-dimer trends of Group W were increased. 3b. D-dimer trends of Group B were decreased. 3c.
D-dimer detection results in Group W were significantly higher than Group B (p < 0.0001). 3d. The SLOPE of the D-
dimer trend in Group W were significantly higher than Group B (p = 0.0022). D-dimer levels at discharge were significantly
higher than that at follow up (p = 0.0261).

95%CI: 1.542–30.814, p = 0.0115) were found to significantly correlate with short-term worse prog-
nosis of COVID-19. When conducting multivariate COX regression analysis, we excluded heart failure
due to insufficient data. Therefore, we incorporated the first 4 results and conducted multivariate COX
regression analysis. We found that SLOPE still significantly correlated with the short-term prognosis
of COVID-19 (RR: 1.687, 95%CI: 1.345–2.116, p < 0.0001). Finally, nomogram was drawn for the
short-term prognosis of COVID-19, and the results were further presented in Fig. 4. The nomogram
in our study also showed that the worst prognosis occurred most likely during the first month after
COVID-19 was diagnosed.

4. Discussion

COVID-19 has been the pandemic around the world by its highly sensitive to every single person and
has led to a widespread mortality [9]. Studies focused on the risk factors and predictors for the prognosis
of COVID-19 have been conducted for months since COVID-19 was first discovered [10–13]. Despite
several studies on the correlation between D-dimer levels and prognosis of COVID-19, the study on the
relationship between D-dimer daily continuous tendency and the 3 months’ prognosis is rarely seen.
Our study found that the D-dimer variation degree independently correlated with worse prognosis,
and could be used as an independent predictor of short-term prognosis for COVID-19. Monitoring
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Fig. 4. Nomogram was drawn for the short-term prognosis of COVID-19, showed that the worst prognosis occurred most
likely during the first month after COVID-19 diagnosis.

this indicator during the hospitalization can play an important role in predicting the prognosis of
COVID-19 patients.

Nomograms of D-dimer level were studied to predict the prognosis of COVID-19 patients [14, 15],
which showed that D-dimer levels were associated with mortality of COVID-19 patients. Several meta-
analyses also showed that a significantly increased D-dimer had a malign impact on the mortality among
COVID-19 patients [16–18]. The presence of elevation of D-dimer level (> 6 times the normal value)
was associated with worse prognosis in COVID-19 patients during hospitalization, with a hospital
mortality rate of 42% [1]. In our study, the average D-dimer level in Group W was also significantly
higher than that in Group B, exhibiting the same result as in previous studies. The nomogram in
our study also showed that the worst prognosis occurred most likely during the first month after
COVID-19 diagnosis.

D-dimer daily continuous tendency in our study independently correlated with worse prognosis.
The angiotensin converting enzyme 2 receptor (ACE2 receptor) is expressed on ECs, which mainly
in heart, lung, kidney, intestine, and particularly in systemic vessels (arteries, veins, venules, and
capillaries) [6]. Thus, in our study, we found that many diseases often appeared to merge and resulted
in worse prognosis, the worst even exhibiting 6 diseases at the same time. Cell entry is initiated by the
recognition of the host cell ACE2 receptor by the receptor-binding domain (RBD) of the spike protein of
SARS-CoV-2 [19]. The occurrence of specific comorbidities associated with renin-angiotensin system
(RAS) imbalance is mediated by the interaction between ACE2 and metalloproteinase domain 17
(ADAM17), along with specific genetic factors mainly associated with type II transmembrane serine
protease (TMPRSS2) expression. Indeed, the exacerbated ADAM17 mediated ACE2, TNF-�, and IL-
6R secretion emerges as a possible underlying mechanism for the acute inflammatory immune response
and the activation of the coagulation cascade [20]. Thus, the elevated D-dimer levels might be caused
by the following reasons. First, severe viral induced cytokine storms activated coagulation cascade.
Pro-inflammatory cytokines stimulated the expression of tissue factors on immune cells and then
activated trigger exogenous coagulation cascade. Second, the activity of urokinase-type plasminogen
activator was reduced, and the release of plasminogen activator inhibitor-1 was elevated, thus inhibiting
the fibrinolysis system. Third, platelets were activated by various pro-inflammatory cytokines and
combined with damaged endothelium. Fourth, endothelial injury caused by inflammation accelerated
the thrombosis response [21]. A retrospective analysis showed that in COVID-19 patients, D-dimer
levels were related to markers of inflammation but not venous thromboembolism (VTE) score [22]. In
our study, patients in Group W were in such critical condition that most of them had to lie in bed during
hospitalization, and some of them received endotracheal intubation, mechanical ventilation or even
Extracorporeal Membrane Oxygenation (ECMO) in the last few days to alleviate respiratory disorders.
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For these reasons the elevation of D-dimer daily continuous tendency in our study might be caused by
both COVID-19 infection and thromboembolism.

A reporting of D-dimer in COVID-19 concerned that potentially under-recognized by those reporting
on D-dimer is the considerable variation in reporting mode, thus the potential for misreporting of D-
dimer based on poor or incomplete reporting [23]. In our study, we provided information including the
unit (DDU: �g/ml), cutoff value, reagent, machine, so that our study can be clearly comparable with
other studies.

5. Conclusion

Our study found that D-dimer daily continuous tendency independently correlates with worse prog-
nosis and can be used as an independent predictor of short-term prognosis for COVID-19. The worst
prognosis occurred most likely during the first month after COVID-19 was diagnosed. Visible causes of
worse prognosis include acute respiratory distress syndrome (ARDS), respiratory failure (type I), shock
(including septic shock and cardiac shock), sepsis, acute liver failure, heart failure, acute exacerbation
of chronic obstructive pulmonary disease (AE-COPD), fungal infection, and pulmonary embolism.
ARDS accounted for up to 68.75%, and many diseases often appeared to merge and resulted in worse
prognosis. These observations might be helpful in clinical practice for COVID-19.
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