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Abstract

Background: Coagulopathy and inflammation are associated with coronavirus disease 2019

(COVID-19) severity. This study assessed D-dimer concentration and its correlation with inflam-

matory markers and COVID-19 severity.

Methods: This was a retrospective cross-sectional study involving 194 COVID-19 cases, with

the severity of infection graded in accordance with the World Health Organization (WHO)

guidelines. We measured D-dimer, C-reactive protein (CRP), and ferritin on admission and

determined the cutoff values for D-dimer and CRP and evaluated the correlation between

D-dimer and CRP and ferritin.

Results: Median D-dimer, CRP, and ferritin concentrations were 2240mg/L, 73.2mg/L, and

1173.8 mg/mL, respectively. The highest median D-dimer value was seen in mild and moderate

acute respiratory distress syndrome (ARDS). The highest ferritin concentration was seen in

severe ARDS. There was a significant correlation between D-dimer value and CRP (r¼ 0.327),

but no significant correlation between D-dimer and ferritin (r¼ 0.101). The area under the

receiver operating characteristic curve (AUC) for the combination of CRP �72.65mg/L and

D-dimer �1250 mg/L as a marker of COVID-19 severity was 0.722 (95% confidence interval

(CI): 0.615–0.781).
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Conclusion: The combination of CRP �72.65mg/L and D-dimer �1250 mg/L can be used as

marker of COVID-19 severity, with moderate accuracy.
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Introduction

Coronavirus disease 2019 (COVID-19) is

caused by the novel ß-coronavirus widely

known as sudden acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2).1,2

On 11 March 2020, the World Health
Organization (WHO) declared this disease

a global pandemic.3 As of 1 September

2020, global COVID-19 mortality was
3.34% and had reached 4.2% in Indonesia.4

Coagulopathy occurs in 50% of the

patients who die because of COVID-19.2

Coagulopathy can take the form of pulmo-

nary intravascular coagulopathy, venous
thromboembolism, and disseminated intra-

vascular coagulation (DIC).5,6 Zhang et al

reported that D-dimer value �2000 mg/L
at hospital admission was a mortality

predictor in COVID-19 patients.7 The
International Society on Thrombosis and

Haemostasis (ISTH) suggested monitoring

the coagulation parameters, D-dimer, pro-
thrombin time (PT), and fibrinogen, in

COVID-19 patients.8

Massive increases in the levels of proin-
flammatory cytokines (cytokine storm),

such as interleukin (IL)-6 and tumor necro-
sis factor-a (TNF-a), indicate severe inflam-

mation and coagulopathy, which could

worsen outcomes in COVID-19 patients.9–11

This inflammatory cascade is seen in the

incremental increases of inflammatory
markers, such as C-reactive protein (CRP).12

Ferritin is another acute phase-protein
that increases in infection or inflamma-
tion.13,14 A meta-analysis revealed that
higher ferritin levels were seen in COVID-
19 death cases compared with survivors and
in COVID-19 patients with thrombotic
complications.15

Many studies have shown that coagulop-
athy and inflammatory markers are impor-
tant and related to COVID-19 severity.2,5–7

However, limited numbers of studies have
evaluated coagulation profiles, especially
D-dimer, regarding the severity of
COVID-19 infection and its correlation
with inflammatory markers. Thus, we
aimed to evaluate D-dimer, CRP, and
serum ferritin values, and to determine the
correlations between these markers and dis-
ease severity in COVID-19 patients in
Rumah Sakit Cipto Mangunkusumo
(RSCM; Cipto Mangunkusumo National
Hospital), Jakarta.

Method

This was a retrospective cross-sectional
study, conducted at RSCM, Jakarta from
May 2020 to November 2020. The inclusion
criteria were patients with COVID-19 con-
firmed by positive SARS-CoV-2 polymer-
ase chain reaction (PCR) testing who were
admitted from 28 May 2020. The exclusion
criteria were: (1) patients receiving antico-
agulant therapy before contracting
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COVID-19; and (2) patients undergoing
routine blood transfusion and/or those
who had already received blood transfusion
at the time of treatment.

All data were extracted from electronic
medical records. We recorded the following
patients’ demographic data: age, sex, and
comorbidities. The severity of COVID-19
infection was determined in accordance
with the WHO guidelines (Supplementary
Table 1).16 D-dimer, CRP, and ferritin lab-
oratory testing was performed in the
Clinical Pathology Laboratory of RSCM
on the day of hospital admission. D-dimer
value was determined using a Sysmex 5100
analyzer (Siemens Healthcare Diagnostics,
Marburg, Germany), while CRP and ferri-
tin were determined using a Cobas analyzer
(Roche Diagnostics GmbH, Mannheim,
Germany).

The Faculty of Medicine Universitas
Indonesia Ethics Committee approved
this study (No. KET-1139/UN2.F1/ETIK/
PPM.00.02/2020). Verbal informed consent
was obtained from all patients for blood
testing, including D-dimer, CRP, and
ferritin.

The sample size for this study was based
on the sample size for a correlation study,
with an estimated a¼ 0.05, b¼ 0.20, and
correlation coefficient¼ 0.2. The calculated
required sample size was 194 patients. The
data were analyzed using Statistical
Package for the Social Sciences (SPSS) 23
software (IBM Corp., Armonk, NY, USA).
Continuous variables were presented as
median and interquartile range (IQR),
while categorical variables were presented
as frequencies. D-dimer, CRP, and ferritin
values were described at various degrees of
COVID-19 severity. The cut-off point for
D-dimer value as a marker of COVID-19
disease severity was determined using
receiver operating characteristics (ROC)
curve analysis. The correlations between
D-dimer, CRP, and ferritin were analyzed
using Spearman’s test. The reporting of this

study conforms to the Strengthening the

Reporting of Observational Studies in

Epidemiology (STROBE) guidelines.17

Results

There were 194 patients with COVID-19

enrolled in this study. The patients’ baseline

characteristics are shown in Table 1. The

patients’ age ranged from 37 to 63 years

(median: 53 years), and 62.4% were men.

The most common COVID-19 severity

was critical disease (43.8%), followed by

moderate disease (33%). Moderate acute

respiratory distress syndrome (ARDS) and

septic shock (10.8% for both) dominated

the critical disease category, and 89.7% of

the patients had at least one comorbidity.

The most prominent comorbidity was

hypertension (39.2%), followed by renal

disease (35.1%), and diabetes mellitus

(30.9%).
The overall D-dimer value ranged from

890 mg/L to 5640 mg/L, with a median value

of 2240 mg/L (Table 1). Table 2 and

Figure 1 show the D-dimer values accord-

ing to each COVID-19 disease severity cat-

egory. D-dimer values in patients with

severe COVID-19 disease were three-fold

higher than those in patients with mild

COVID-19 disease (median 1870 mg/L vs

630 mg/L, respectively). Patients with mild

ARDS had the highest D-dimer values

(median: 5725 mg/L), followed by the mod-

erate ARDS group (median: 4680 mg/L),
and septic shock group (median: 3740mg/L).
In comparison, patients with mild

COVID-19 disease had the lowest D-dimer

values (median: 630 mg/L). D-dimer values

in the mild ARDS group were significantly

higher than those in the mild COVID-19

disease group (median: 5725mg/L vs

630 mg/L, respectively; p¼ 0.002) and mod-

erate COVID-19 disease group (median:

5725 mg/L vs 1660mg/L, respectively;

p¼ 0.007) (Figure 1, Appendix 1).
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The median CRP value was 73.2mg/L

(IQR: 22.65–144.25mg/L). CRP (normal

value: <0.5mg/L) increased with COVID-

19 severity (Table 3, Figure 2a), with the

highest median value of 107.4mg/L (IQR:

30.65–243.35mg/L), in septic shock.

Moreover, the median serum ferritin level

was 1173.8 lg/mL (IQR: 431.37–3160.74

ng/mL). Ferritin (normal value: 20.0–

500.0 lg/mL) also increased with COVID-

19 severity, with the highest median value

of 2971.03 lg/mL (IQR: 966.24–3248.06lg/
mL) in severe ARDS (Table 3, Figure 2b).

There was no significant difference between

CRP and ferritin values between the

groups.

Table 1. The patients’ baseline characteristics.

Variable Result

Number of patients (N) 194

Age (years), median (IQR) 53 (37–63)

Sex (n,%)

� Male 121 (62.4)

Female 73 (37.6)

COVID-19 severity (n, %)

� Mild 39 (20.1)

� Moderate 64 (33.0)

� Severe 6 (3.1)

� Critical (Mild ARDS) 19 (9.8)

� Critical (Moderate ARDS) 21 (10.8)

� Critical (Severe ARDS) 14 (7.2)

� Critical (Sepsis) 10 (5.2)

� Critical (Septic shock) 21 (10.8)

Comorbidities (n, %)

� No comorbidity 20 (10.3)

� Hypertension 76 (39.2)

� Diabetes Mellitus 60 (30.9)

� Renal Disease 68 (35.1)

� Liver Disorder (Increased transaminase level) 25 (12.9)

� Hepatitis B 4 (2.1)

� Hepatitis C 4 (2.1)

� Lung tuberculosis 21 (10.8)

� HIV/AIDS 7 (3.6)

� Autoimmune Disease 5 (2.6)

� Congestive Heart Failure 27 (13.9)

� Coronary Heart Disease 25 (12.9)

� Chronic Obstructive Pulmonary Disease (COPD) 1 (0.5)

� Cerebrovascular Disease 15 (7.7)

� Malignancy 22 (11.3)

Coagulation profiles, median (IQR)

� D-dimer value (mg/L) 2240 (890.0–5640.0)

Inflammatory markers, median (IQR)

� CRP (mg/L) 73.2 (22.65–144.25)

� Ferritin (lg/mL) 1173.8 (431.37–3160.74)

IQR, interquartile range; COVID-19, coronavirus disease 2019; HIV, human immunodeficiency virus; AIDS, acquired

immunodeficiency syndrome; CRP, C-reactive protein.
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An analysis of the correlation between
D-dimer and the inflammatory markers,
CRP and ferritin, (Table 4) revealed a sig-
nificant but weak correlation between D-
dimer and CRP (r¼ 0.327, p< 0.001) and
no significant correlation between D-dimer
and ferritin (r¼ 0.101).

The area under the curve (AUC) for the
CRP value as a marker of COVID-19 sever-
ity was 0.652 (95% confidence interval (CI):
0.573–0.730). In comparison, the AUC for
D-dimer value as a marker of COVID-19
severity was 0.698 (95% CI: 0.615–0.781).
ROC curve analysis provided a CRP cut-off
value of �72.65mg/L, with 60% sensitivity
and 66% specificity, and a cut-off for D-
dimer of �1250 mg/L, with 83% sensitivity
and 53% specificity. The AUC for the com-
bination of CRP and D-dimer was 0.722
(95% CI: 0.615–0.781) (Figure 3).

Discussion

The clinical spectrum of COVID-19 illness
varies and ranges from asymptomatic or
mild illness to severe, life-threatening infec-
tion.18 COVID-19 patients may also have
variable laboratory findings. In the early
stages of infection, D-dimer and fibrinogen
levels are abnormally high, reflecting exces-
sive inflammation and hypercoagulabil-
ity.19,20 Furthermore, uncontrolled
inflammation combined with hypoxia and
the direct cytotoxic effects of the virus on
endothelial cells may contribute to throm-
boembolic complications.21

In the present study, the median overall
D-dimer value was 2240mg/L. Zhang et al
reported that D-dimer value �2000 mg/L at
hospital admission was a predictor of mor-
tality in COVID-19 patients.7 A retrospec-
tive case study involving 1000 COVID-19
patients in New York City suggested that
age and comorbidities, such as renal dis-
ease, were associated with death.
Moreover, sex and hypertension are consid-
ered risk factors for severe COVID-19T
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requiring intubation or resulting in death.22

Approximately 89% of our subjects had

comorbidities, such as hypertension, diabe-

tes, renal disease, congestive heart failure,

coronary artery disease, and malignancy,

that may increase the D-dimer level inde-

pendent of COVID-19. These comorbidities

could have contributed to the higher

D-dimer values in mild ARDS (median:

5725 mg/L) and moderate ARDS (median:

4680 mg/L) patients with COVID-19. In

addition, D-dimer values in patients with

severe COVID-19 disease were three-fold

higher than those in patients with mild dis-

ease (median 1870mg/L vs 630 mg/L, respec-
tively). This finding is similar to that from a

pooled analysis by Lippi and Favaloro.23 In

the present study, we identified that the

AUC for D-dimer reached almost 0.7

(AUC: 0.698), with a cut-off value of

1250 mg/L.

The physiological inflammatory process

begins immediately after tissue injury. One

of the systemic manifestations of this

inflammatory process is an increase in

acute-phase proteins, such as CRP and fer-

ritin.24 CRP, which is produced by the liver,

increases in infection, inflammation, and

cardiovascular diseases.25 A meta-analysis

by Huang et al elucidated that elevated

CRP levels were associated with severe

COVID-19 disease and the need for inten-

sive care unit (ICU) admission.26 The asso-

ciation between CRP and mortality is

inconclusive.25,27,28 Liu et al suggested

that a CRP cut-off value of >41.8mg/L

predicted more severe complications in

COVID-19 patients.29 In the present

study, the AUC of CRP was <0.7, with a

cut-off value of 72.65mg/L. This cut-off is

similar to the cut-off (>75mg/L) suggested

by the RECOVERY Collaborative Group

Figure 1. D-dimer values in the different groups of coronavirus disease 2019 (COVID-19) severity.
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to initiate tocilizumab treatment in hospi-

talized severe COVID-19 patients; confirm-

ing the consistency of our cut-off value.30

The lowest CRP levels were documented

in mild COVID-19 disease (median:

25.2mg/L). With severe disease, septic

shock was clearly associated with the high-

est CRP levels (median: 107.4mg/L).

Unfortunately, CRP value did not increase

proportionally with COVID-19 severity, as

seen in sepsis, with a median CRP value

of 47mg/L.
While ferritin levels correlate with

inflammatory activity, in a previous study,

elevated ferritin in COVID-19 patients was

reported in elderly patients and in thoseT
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Figure 2. Inflammatory marker values in the
different groups of coronavirus disease 2019
(COVID-19) severity: (a) C-reactive protein;
(b) ferritin.
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with hypertension, diabetes, cancer, and

thromboembolic events.15,31 Despite these

findings, iron parameters, such as ferritin,

were not mentioned in the most

recent guidelines for COVID-19.16,32

Interestingly, in 2014, Kell and Pretorius

reported that high ferritin levels were asso-

ciated not only with inflammation, but also

resulted from cellular damage, especially

when the value reached >600 lg/mL,

implying a relationship between ferritin

levels and organ damage.33 Qin et al

revealed that greater proportions of

COVID-19 patients with severe illness and

death had high ferritin levels.34 The

median ferritin value in our study was

1173.8 lg/mL. The lowest ferritin level was

seen in mild COVID-19 disease (median:

681 lg/mL), while severe ARDS was asso-

ciated with the highest ferritin level

(median: 5725mg/L).15

We observed a significant positive corre-

lation between D-dimer and CRP

(r¼ 0.327j; p< 0.001). Siemes et al reported

similar results in patients with pulmonary

embolism.35 A significant positive correla-

tion between D-dimer and CRP was also

seen in COVID-19 patients.36 However,

we failed to detect a correlation between

D-dimer and serum ferritin. These findings

suggest that hyperinflammation during the

immune response to COVID-19 activates

coagulation pathways.37

There are limitations in this study that

must be acknowledged. First, this was a

single-center study that was performed in

an Indonesian national referral hospital in

Jakarta. Therefore, the patients may have

had more complex conditions or comorbid-

ities than those in the general population.

Furthermore, additional studies are needed

in wider populations. Second, we did not

evaluate comorbid diseases, such as malig-

nancy or thrombophilia, which could

potentially have influenced higher D-dimer

levels in COVID-19 patients with mild

ARDS. Third, the sample size for patients

with severe COVID-19 disease was small,

which may have affected statistically signif-

icant differences.

Conclusion

Our data confirmed that COVID-19

patients showed sharp increases in

Table 4. Correlation between D-dimer, CRP, and ferritin values in COVID-19 patients.

Variable r p value Remarks

D-dimer and CRP 0.327 <0.001 Weak correlation

D-dimer and ferritin 0.101 0.284 Moderate correlation

CRP, C-reactive protein; COVID-19, coronavirus disease 2019.

Figure 3. ROC curve for the combination of
CRP and D-dimer to predict COVID-19 severity
ROC, receiver operating characteristic; CRP,
C-reactive protein; COVID-19, coronavirus
disease 2019.

8 Journal of International Medical Research



D-dimer values, as a marker of coagulation

dysfunction, and those of serum inflamma-

tory biomarkers (CRP and ferritin). The

combination of CRP �72.65mg/L and

D-dimer �1250 mg/L can be used as a

marker of COVID-19 severity, with moder-

ate accuracy.
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Appendix 1. Significance of D-dimer value comparisons (p values)
between the COVID-19 disease severity groups

Mild

COVID-19

Moderate

COVID-19

Severe

COVID-19

Mild

ARDS

Moderate

ARDS

Severe

ARDS Sepsis

Septic

shock

Mild COVID-19 1.000 1.000 0.002* 1.000 1.000 1.000 1.000

Moderate COVID-19 1.000 1.000 0.007* 1.000 1.000 1.000 1.000

Severe COVID-19 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Mild ARDS 0.002* 0.007* 1.000 0.917 1.000 1.000 1.000

Moderate ARDS 1.000 1.000 1.000 0.917 1.000 1.000 1.000

Severe ARDS 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Sepsis 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Septic shock 1.000 1.000 1.000 1.000 1.000 1.000 1.000

*p-value <0.05.

COVID-19, coronavirus disease 2019; ARDS, acute respiratory disease syndrome.

Sukrisman and Sinto 11


	table-fn1-03000605211059939
	table-fn2-03000605211059939
	table-fn3-03000605211059939
	table-fn4-03000605211059939
	table-fn5-03000605211059939
	table-fn6-03000605211059939



