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ARTICLE INFO ABSTRACT
Article history: Background: The COVID-19 pandemic has been associated with a significant
Received 25 February 2025 prevalence of thromboembolism. This study aimed to identify the predictive effect of
Revised 16 March 2025 D-dimer and ferritin on thromboembolism occurrences in hospitalized COVID-19
Accepted 29 March 2025 patients.

Methods: This retrospective study examined 304 patients with COVID-19, with a
Keywords: mean age of 62.33 + 17 years, hospitalized at Modares Hospital from March 2020 to
COVID-19; March 2021. The case group (PTE) comprised patients who experienced thrombosis
Thromboembolism; complications during hospitalization (152 patients), while the control group (Non-
Prognosis; PTE) consisted of patients who did not encounter thrombosis complications during
D-dimer, their hospital stay (152 patients). Demographic data, clinical information, and
Ferritin laboratory findings were gathered and documented from patient records. The study

examined the impact of D-dimer and ferritin as predictors of thromboembolism in

patients.

Results: In this study, 100 patients died, with 75 (75%) of these fatalities occurring
in the PTE group. The results indicated that PTE patients exhibited higher BMI (28.36
+ 1.87 vs. 27.76 + 1.31 kg/cmz, P<0.001), longer hospital stays (11.2 vs. 8.5 days,
P=0.0009), increased ICU admissions (61.8 vs. 26.3%, P<0.001), higher smoking
rates (21.9 vs. 4.8%, P<0.001), and greater prevalence of chronic lung disease (13.2
vs. 2.6%, P=0.001) compared to non-PTE patients. Analysis of the laboratory
findings indicated a significant increase in lymphocyte count (P=0.034) and C-
reactive protein (CRP) 3+ levels (P=0.04) in the PTE group compared to the non-
PTE group. The D-dimer concentration in the PTE group was 4178.80 + 1148.78
ng/ml, while in the non-PTE group it was 606.04 + 656.86 ng/ml (1.03 OR, 95%
Cl=1.04-1.02, P<0.001). The ferritin level in the PTE group was recorded at 1639.33
+514.38, while in the Non-PTE group, a measurement of 420.48 + 322.65 ng/ml was
recorded (OR: 1.06, C195%=1.07-1.04, P<0.001).

Conclusion: Elevated serum levels of ferritin and D-dimer in COVID-19 patients
correlate with an increased risk of thromboembolism. Consequently, elevated
concentrations of these parameters in hospitalized patients should serve as a warning
to clinicians, necessitating careful attention and prompt treatment interventions.
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Introduction

OVID-19 is an infectious disease caused by the

Severe Acute Respiratory Syndrome Coronavirus

2 (SARS-CoV-2). Initially, it was believed that
COVID-19 primarily affects the lungs. Chest CT scans
were primarily utilized to assess the lungs and served as
a significant aid for clinicians [1]. Subsequent research
has demonstrated that COVID-19 affects multiple
organs. Consequently, researchers looked for a systemic
parameter to assist clinicians in achieving a
comprehensive understanding of all organs, not solely the
lungs [2]. Inflammatory biomarkers were suggested as
indicators that assisted clinicians in assessing systemic
disease beyond the pulmonary system [3].

Inflammatory biomarkers in blood tests may assist
clinicians in assessing hospitalized patients and
predicting complications associated with COVID-19.
Studies indicate that increased levels of inflammatory
markers, specifically ferritin and D-dimer, in COVID-19
patients correlate with the severity of SARS-CoV-2
infection, the necessity for ICU admission, and in-
hospital mortality [4-6]. Inflammatory biomarkers may
contribute to the cytokine storm observed in COVID-19
patients, subsequently leading to lung injury. Lung injury
results in hypoxia and acute respiratory distress
syndrome (ARDS), which can lead to mortality. Cytokine
storm also induces pulmonary thromboembolism,
complicating the disease and increasing the risk of
mortality [7].

D-dimer, while nonspecific, serves as a marker for the
severity of COVID-19. Thus, it may provide data
regarding  both  inflammation and  pulmonary
thromboembolism (PTE) in patients with COVID-19.
This study evaluates the accuracy and power of ferritin
and D-dimer in predicting mortality and pulmonary
thromboembolism in hospitalized COVID-19 patients.

Methods

This study aimed to investigate the predictive role of D-
dimer and ferritin on the occurrence of thromboembolism
in COVID-19 patients hospitalized in 2019 at Modares
Hospital. This research constituted a single-center
retrospective analysis. Following the approval of the
project by the Research Council and the Ethics
Committee of Shahid Beheshti University of Medical
Sciences, sampling and data extraction commenced in
accordance with the established input criteria for the
samples.

Selection and randomization

The study included patients with COVID-19 who had
at least one positive PCR test and were indicated for
hospitalization from March 2020 to March 2021.

Exclusion criteria comprised patients with incomplete
file information, those with a history of coagulopathy,
and individuals who did not give informed consent for the
inclusion of their data in research projects. A total of 152
patients with COVID-19 experiencing thromboembolic
complications were selected as the case group, while 152
patients without thromboembolic complications were
assigned to the control group, resulting in 304 COVID-
19 patients within the specified time frame.

The control group was selected by randomly choosing
each case from the population of COVID-19 patients
under investigation over a one-year period, maintaining a
ratio of 1 control to 1 case in accordance with the
calculated sample size.

Following the selection of each case, a witness was
randomly chosen from the patient list acquired from the
medical records unit, based on the date and ward of
hospitalization. The control group was selected through
the allocation of 150 random numbers in an Excel file,
corresponding to a list of COVID-19 patients without
thrombosis over a one-year period.

Demographic and clinical information was obtained
from clinical records, while laboratory values, including
inflammatory factors and cardiac enzymes, were
extracted from reports during hospitalization, specifically
the first values recorded within the initial 24 hours of
admission.

Data analysis method

The normal distribution of quantitative variables was
initially assessed using a histogram. Quantitative
variables were reported using mean and standard
deviation (SD), while grouped variables were described
using frequency and percentage. The parametric t-test
was employed to compare the averages of quantitative
variables between two groups, while the non-parametric
Mann-Whitney U test was utilized when the quantitative
variables did not meet a normal distribution.

Appropriate statistical tests, such as the Chi-square test
or Fisher's exact test, have been employed to assess the
differences in the distribution of the grouped variables.
Regression models appropriate for the PTE outcome
were employed at both single and multiple levels to
examine the associated factors and control for potential
confounding variables.

A stepwise backward selection approach was employed
to identify the optimal variables for inclusion in the
regression models, utilizing a significance threshold of
less than 0.2 (P value <0.2). Logistic regression was
employed to assess the relationship between the
occurrence of PTE and selected variables at both
univariate and multivariate levels. The optimal multiple
logistic regression model was determined using the area
under the curve (AUC, ROC curve) and the Hosmer-
Lemeshow test. The Hosmer-Lemeshow test was
employed for model calibration.
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Results

Demographics, clinical, and laboratory findings

This study involved 304 patients, who were selected
based on the established entry and exclusion criteria, and
subsequently divided into two equal groups of 152
individuals each. (Table 1 and 2) present the
demographic, clinical, and laboratory findings of the
patients. The mean age of the patients was 60.76 years,
with a standard deviation of 16.59 years. No significant
difference was observed in the age of patients between
the two groups (P=0.105). Women comprised 51.97% of
the patient population, and the gender distribution was
consistent across both groups (P=0.357). Over 87% of
patients were married, with no significant difference in
marital status between the two groups (P=0.300).
Analysis of the employment status of patients revealed
that 55.92% were employed, 42.11% were housewives,
and 1.97% were unemployed. No significant difference
was observed in the occupational status of the patients
between the two groups (P=0.473). No significant
difference was observed in the drug history of patients
between the two groups (P=1).

The body mass index in patients without pulmonary
thromboembolism (28.36 kg/m?2) was significantly higher
than in those with pulmonary thromboembolism (28.06
kg/m?) (P<0.001). The assessment of hospital data across
two groups indicated that patients in the PTE group
experienced longer hospital stays (11.2 vs. 9.8 days,
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P=0.009) and higher rates of ICU admission (P<0.001)
compared to the non-PTE group. Analysis of the clinical
history of patients revealed that the prevalence of
smoking in the PTE group was significantly greater than
in the non-PTE group (P<0.001). Additionally, the
frequency of individuals with chronic lung disease was
notably higher in the PTE group (P=0.001).

Clinical symptoms and prognosis

Analysis of clinical symptoms in two groups revealed
that individuals in the PTE group experienced a higher
incidence of dyspnea (79.6% vs. 46.05%, P<0.001) and a
lower prevalence of fatigue (28.95% vs. 40.13%,
P=0.040) compared to the non-PTE group.

Analysis of hospitalization complications indicated that
patients in the PTE group had a higher incidence of
cardiac ischemia (25.66% vs. 15.79%, P=0.034) and deep
vein thrombosis (DVT) (5.92% vs. 0%, P=0.003) when
compared to the non-PTE group. The mortality rate in
patients with PTE was significantly higher compared to
those without PTE (P<0.001). Laboratory findings
indicated that the number of lymphocytes in patients with
PTE was significantly elevated compared to those
without PTE (25.9 vs. 23.7, P=0.034). A significant
relationship was observed between CRP levels and
disease severity, with an increase in CRP 3+ noted in
patients of the PTE group (P=0.04). In patients of the PTE
group, troponin levels decreased significantly (P=0.023),
while D-dimer (P<0.001) and ferritin levels (P<0.001)
increased significantly.

Table 1- Demographic, clinical, and laboratory findings of hospitalized patients with or without PTE

Variables P value Non-PTE (n=152) PTE (n=152) Total (n=304)
General information

Age (years) 0.105 62.33 £17.00 63.94 +17.31 60.76 + 16.59
Gender

Female 0.357 138 (45.39) 65 (42.76) 73 (48.03)
Male 166 (54.61) 87 (57.24) 79 (51.97)
Marital status

Married 0.300 254 (89.44) 127 (91.37) 127 (87.59)
Single 30 (10.56) 12 (8.63) 18 (12.41)
Job-status

Employed 0.473 174 (57.24) 89 (58.55) 85 (55.92)
Housewife 121 (39.80) 57 (37.50) 64 (42.11)
Unemployed/retired 9 (2.96) 6 (3.95) 3(1.97)
Body Mass Index (BMI, kg/cm?) <0.001* 28.06 + 1.64 28.36 + 1.87 27.76 £ 1.31
In-hospital information

Length of hospital stay (days) 0.0009* 9.82+6.54 11.17 £7.46 8.47+5.14
ICU admission

No <0.001* 170 (55.92) 58 (38.16) 112 (73.86)
Yes 134 (44.08) 94 (61.84) 40 (26.32)
Habits and underlying diseases (Yes)

Current smoker <0.001* 40 (13.47) 33 (21.85) 7(4.79)
Hypertension 0.896 79 (25.99) 39 (25.66) 40 (26.32)
Diabetes 0.882 55 (18.09) 27 (17.76) 28 (18.42)
Cardiovascular diseases 0.240 41 (13.49) 24 (15.79) 17 (11.18)
Dyslipidaemia 0.652 5(1.64) 3(1.97) 2 (1.32)
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Chronic pulmonary diseases 0.001*
Chronic Kidney Diseases (CKD) 0.787
DVT/PTE 1.000
Stroke 1.000
Drug history (Yes)

Anticoagulant 1.000
NOAC N/A
Heparin N/A
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24 (7.89) 20 (13.16) 4 (2.63)
72 (23.86) 37 (24.34) 35 (23.03)
1(0.33) 1 (0.66) 0 (0.00)
2 (0.66) 1 (0.66) 1 (0.66)
1(0.33) 1 (0.66) 0 (0.00)
0 (0.00) 0 (0.00) 0 (0.00)
0 (0.00) 0 (0.00) 0 (0.00)

Data describes as n (%) or mean = standard deviation, " statistically significant, P value < 0.05, N/A: Not Applicable.

Table 2- Clinical symptoms and prognosis of hospitalized COVID-19 patients with and without PTE

Variables Non-PTE (n=152) PTE (n=152) Total (n=304) P value

The chief complaint in admission (Yes)

Dyspnea 70 (46.05) 121 (79.61) 191 (62.83) <0.001*

Chest pain 12 (7.89) 11 (7.24) 23 (7.57) 0.828

Cough 50 (32.89) 51 (33.55) 101 (33.22) 0.903

Fever 70 (46.05) 61 (40.13) 131 (43.09) 0.297

Leg pain 11 (7.24) 17 (11.18) 28 (9.21) 0.234

Fatigue 61 (40.13) 44 (28.95) 105 (34.54) 0.040*

Less of appetite 20 (13.16) 15 (9.87) 35(11.51) 0.369

Loss of conscious 5(3.29) 7 (4.61) 12 (3.95) 0.556

Interval of initial symptoms to admission 5.08 £3.31 484 +3.15 4,96 + 3.23 0.771

(days)

Complications during hospitalization (Yes)

Cardiac ischemia 24 (15.79) 39 (25.66) 63 (20.72) 0.034*

Myocardial infarction 17 (11.18) 18 (11.84) 35(11.51) 0.857

DVT 0 (0.00) 9(5.92) 9 (2.96) 0.003*

Stroke 0 (0.00) 0 (0.00) 0 (0.00) N/A

Vital status

Expired 25 (16.45) 75 (49.34) 100 (32.89) <0.001*

Alive 127 (83.55) 77 (50.66) 204 (67.11)

Laboratory factors

White Blood Cell count (WBC, 10%/L) 8.32+3.50 9.15+4.63 8.73+4.12 0.190

Lymphocyte (%) 23.73+£10.27 25.86 + 11.45 24.80 £10.91 0.034*

Neutrophil (%) 72.15+10.64 70.54 + 10.96 71.34+£10.81 0.095

Neutrophil to Lymphocyte Ratio (NLR) 4.95+8.18 481+£7.25 488+7.71 0.051

C-reactive protein (CRP)

1+ 48 (31.58) 33(21.71) 81 (26.64) 0.040*

2+ 68 (44.74) 65 (42.76) 133 (43.75)

3+ 36 (23.68) 54 (35.53) 90 (29.61)

ESR (mm/hour) 33.96 £ 23.47 37.72 £ 27.87 35.82 £ 25.77 0.493

Troponin I (ng/ml) 0.16 £ 0.62 0.15+0.79 0.15+0.71 0.023*

D-dimer (ng/ml) 606.04 + 656.86 4174.80 + 2396.31 = <0.001*
1148.78 2017.09

Ferritin (ng/ml) 420.48 + 322.65 1639.33 £514.38  1027.89 + 745.71  <0.001*

Chest CT scan results:

Involvement (%) 40.06 + 20.82 58.17 + 24.41 49.15 + 24,41 <0.001*

Data describes as n (%) or mean =+ standard deviation, " statistically significant, P value < 0.05, N/A: Not Applicable

Univariate and multivariate
models

logistic  regression

(Table 3) presents the results of univariate and
multivariate models predicting PTE based on D-dimer
and ferritin factors. An independent examination of
laboratory factors in relation to the occurrence of PTE
revealed a significant relationship at the univariate level,
with both factors (P<0.001). A 10-unit increase in the D-

dimer factor corresponded to a significant 3% increase in
the likelihood of PTE occurrence (95% Cl=1.04-1.02,
OR=1.03, P<0.001). Following an independent
investigation into the predictive effect of ferritin on the
incidence of PTE, it was noted that after adjusting for
confounding variables, each 10-unit increase in ferritin
was associated with a 6% increase in the likelihood of
PTE occurrence (C195%=1.04-1.07, OR=1.06, P<0.001)
(Figure 1).
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Table 3- The results of multivariate and logistic regression models in the relationship between D-dimer and ferritin

with PTE

Factor Model 1: Pvalue Model 2: P value Model 3: P value

Crude OR?, 95% Adjusted OR, 95% Adjusted OR, 95%

Cl Cl Cl
D-dimer (per 10 1.02(1.01 -1.03) <0.001* 1.03(1.01-1.03) <0.001* 1.03(1.02-1.04) <0.001*
units)
Ferritin (per 10 1.05(1.04 - 1.07) <0.001* 1.05 (1.04 —1.07) <0.001* 1.06 (1.04 —1.07) <0.001*
units)

“statistically significant, P value < 0.05, *Odds ratio, 95% Confidence Interval, Model 1: intercept, D-dimer or ferritin, Model 2: intercept, gender,
age, BMI, smoking, CT involvement, and D-dimer or ferritin, Model3: intercept, gender, age, BMI, smoking, CT involvement, NLR, CRP, history
of chronic respiratory diseases, ICU admission, Length of hospital stay, occurrence of DVT during hospitalization, and D-dimer or ferritin
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Figure 1- The rock curve indicator is one of the indicators of the model's ability to distinguish people who have
experienced PTE from those who have not. According to the obtained results, the value of AUC for chart A,
demonstrates the predicting effect of Ferritin in the likelihood of PTE occurrence

Discussion

The findings of our study indicated that, when comparing
the PTE patient group to the non-PTE group, the
variables of BMI (28.36 vs. 27.76), duration of
hospitalization (11.2 days vs. 8.5 days), and ICU
hospitalization rates (61.8% vs. 26.3%) were
significantly elevated (P<0.05). PTE patients exhibited a
higher prevalence of smoking (21.9% compared to 4.8%)
and a history of chronic lung disease (13.2% versus
2.6%) with statistical significance (P<0.05). The
evaluation of clinical characteristics in patients indicated
an increased prevalence of dyspnea and fatigue among
those with PTE. The most prevalent complications during
hospitalization in patients included cardiac ischemia,
myocardial infarction, DVT, and stroke. DVT prevalence
was higher in the PTE group than in the non-PTE group.

Laboratory results revealed a notable increase in
lymphocytes and CRP levels in patients with PTE
compared to those without PTE. A significant increase in
ferritin level was observed in the PTE group compared to
the Non-PTE group (OR=1.06, P<0.001). The ferritin
level in patients with PTE was 3.9 times greater than that
in non-PTE patients, measuring 1639.3 ng/ml compared
to 420.5 ng/ml. Our results align with previous studies
indicating that elevated ferritin and D-dimer levels
correlate with disease severity and reduced survival in
COVID-19 patients, thereby confirming our findings [4-
6]. Ferritin serves as an acute phase reactant, exhibiting
elevated levels in response to inflammatory and
infectious diseases. Inflammation and infection are also
features of COVID-19. There are multiple associations
between ferritin and COVID-19. Initially, ferritin,
functioning as an acute phase reactant, exhibits an
increase in COVID-19 patients. Higher levels of ferritin
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are associated with increased severity of COVID-19.
Third, Ferritin has been linked to the duration of hospital
stay and the period of viral clearance [8-9]. Fourth,
elevated ferritin levels have been linked to an increased
incidence of venous thromboembolism  [10].
Additionally, ferritin has the potential to induce a
cytokine storm [11]. Cytokine storm may lead to
thromboembolic  events, including  pulmonary
thromboembolism, in COVID-19 cases [12]. However,
there is insufficient evidence to confirm its role in
predicting mortality or thromboembolic events. Our
findings indicate that elevated ferritin levels correlate
with an increased incidence of PTE and mortality. This
finding suggests that clinicians should regard elevated
ferritin levels as warning signs that require more
thorough evaluation and treatment [10].

An increase in D-dimer levels was observed in PTE
patients (OR=1.03, P<0.001) compared to non-PTE
patients. In our study, the average D-dimer level in the
PTE group was 4174.80 ng/ml, while in the non-PTE
group, it was 606.04 ng/ml, indicating an increase of 6.8
times. D-dimer is a sensitive biomarker for inflammation;
however, it lacks specificity. The increase may occur due
to various factors. Comorbidities, including diabetes and
stroke, may also induce an increase in this biomarker.
Consequently, the pathological role of D-dimer cannot be
interpreted as straightforwardly as that of ferritin [13].
Our findings align with previous studies indicating that
elevated D-dimer levels are associated with poor
COVID-19 prognosis [14]. Previous research has
indicated a correlation between D-dimer levels and
pulmonary thromboembolism, supporting our findings
[15]. Diabetes is a disease associated with inflammation
and cardiovascular diseases [16-18]. Future research on
the role of comorbidities of diabetes will be helpful.

Our findings may be incorporated into future research
utilizing artificial intelligence to predict mortality
associated with viral diseases. Incorporating additional
variables, such as ferritin and D-dimer, which are linked
to increased mortality in COVID-19 patients, has the
potential to enhance the efficacy of artificial intelligence
in clinical decision-making [19]. While prior research
supports our findings [4-6], other studies indicate that D-
dimer and ferritin levels do not correlate with PTE in
COVID-19 patients [20]. Future original studies,
systematic reviews, and meta-analyses on these markers
may contribute to resolving this controversy.

Limitation

This study has limitations. While all laboratory findings
recorded in the analysis pertain to the first 24 hours
following patient arrival and prior to treatment initiation,
co-morbidities or medications used for these conditions
may influence the blood parameters. Furthermore, our
study did not assess CT scan findings in the two groups
of PTE and non-PTE patients.

Conclusion

This study demonstrated that elevated D-dimer levels,
a nonspecific marker of coagulation issues, along with
increased ferritin levels, may assist in identifying
thromboembolism in  patients with COVID-19.
Predicting thromboembolism occurrence in the COVID-
19 patient population facilitates improved identification
of at-risk individuals and informs the prescription of
anticoagulant therapy.

Ethics approval

This study was approved by the Research Council and
the Ethics Committee of Shahid Beheshti University of
Medical Sciences (ir.sbmu.msp.rec.1401.478).
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