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Abstract

Aims and objectives This systematic review and meta-analysis study evaluated the association between mortality
due to COVID-19 and coagulative factors.

Methods A systematic search was conducted on electronic databases including PubMed, Scopus, and the Web

of Science from the beginning of the pandemic until October 2024 to identify relevant studies on COVID-19 patients
and their laboratory findings related to coagulation markers and mortality outcome. Eligibility criteria were defined
based on the PICO framework, and data extraction was performed by two authors independently using a standard-
ized sheet. Statistical analysis was accomplished using the random effects model, and heterogeneity among studies
was assessed using the I? test. R and RStudio were used for statistical analysis and visualization.

Results Our systematic literature search yielded 6969 studies, with 48 studies meeting the inclusion criteria for our
meta-analysis. The mean platelet count was significantly lower in deceased COVID-19 patients compared to survivors
(20.58), while activated partial thromboplastin time (aPTT) and fibrinogen levels did not show significant differences.
The pooled mean difference of D-Dimer, International Normalized Ratio (INR), and prothrombin time (PT) were sig-
nificantly lower in survived patients (-2.45, -0.10, and -0.84, respectively). These findings suggest that platelet count,
D-Dimer, INR, and PT may serve as potential indicators of mortality in COVID-19 patients.

Conclusion The results of our systematic review and meta-analysis revealed a significant reduction in the pooled
platelet count among deceased individuals when compared to survivors. However, no significant distinctions were
observed in the pooled mean activated aPTT and fibrinogen levels between the deceased and survivor groups.
On the other hand, there were noticeable variations in the pooled estimated mean of INR, PT, and D-Dimer levels,
with significantly higher values in the deceased group compared to those who survived.

Keywords COVID-19, Mortality, Coagulopathy, D-dimers, Fibrinogen, Prothrombin time, Meta-analysis

*Correspondence:

Samaneh Salarvand

sm.salarvand@gmail.com

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12879-024-10229-y&domain=pdf

Abdollahi et al. BMC Infectious Diseases (2024) 24:1373

Background

The global impact of the COVID-19 pandemic caused
by the SARS-CoV-2 virus has been profound, resulting
in a significant loss of lives in a relatively short period.
SARS-CoV-2 which belongs to the coronavirus family,
renowned for its ability to induce respiratory infections.
Notably, COVID-19 has been linked to coagulopathy,
leading to the development of intravascular thrombi
and fibrinogen deposition [1-3]. Extensive research has
demonstrated that COVID-19 infection triggers the
activation and dysregulation of the coagulation system,
leading to abnormalities in various coagulation param-
eters. Crucially, COVID-19-associated coagulopathy
exhibits unique characteristics that distinguish it from
other coagulation disorders. Initial reports from Wuhan,
China, have highlighted elevated levels of D-dimers and
fibrinogen, accompanied by alterations in platelet activa-
tion. These findings suggest a state of hypercoagulability
in individuals with COVID-19 [4-10].

Severe cases of COVID-19 have been found to fulfil the
criteria for disseminated intravascular coagulation (DIC),
signifying a serious and potentially life-threatening com-
plication associated with the disease [11-14]. However,
recent investigations have revealed that COVID-19-as-
sociated coagulopathy differs from coagulopathic disor-
ders caused by bacterial infections and other disorders.
Specifically, individuals with COVID-19 often exhibit
increased D-dimer and fibrinogen levels, while pro-
thrombin time and platelet count may not exhibit sig-
nificant changes during the early stages of the disease.
Given the observed coagulation abnormalities, the early
detection of elevated coagulation biomarkers becomes
paramount for risk stratification in COVID-19 patients
[15-20]. Thromboembolic complications have emerged
as potential causes of clinical deterioration in severe
cases, even after patients have been discharged from
the hospital. This underscores the significance of vigi-
lant monitoring of coagulation status in individuals with
COVID-19 [21-23].

To assess the reliability of risk stratification based on
early coagulation parameters and its impact on mortal-
ity and disease outcome, we conducted a comprehensive
meta-analysis of published research worldwide. By scru-
tinizing data from various clinical studies, we aim to gain
deeper insights into coagulation parameters in individu-
als with COVID-109.

Methods and materials

The present study was conducted based on the Preferred
Reporting Items for Systematic reviews and Meta-Anal-
yses (PRISMA) guideline 2020 [24] (see Supplemental
Table 1).
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Search strategy

A systematic search was accomplished on electronic
databases such as Web of Science, Scopus, and PubMed
from the beginning of the pandemic until October 2024.
The search strategy included a combination of relevant
medical subject heading (MeSH) terms and relevant key-
words for (“Covid-19” OR “Sars-Cov-2” OR “Coronavi-
rus”) AND (“Laboratory findings” OR “Coagulation” OR
“Biochemical markers”) AND (“Mortality’, “Survival’,
“Death’, “Outcome”) (see supplemental Table 2).

Eligibility criteria

We defined our eligibility criteria based on the PICO
framework: (P) Population: COVID patients (confirmed
by serum antibody tests, polymerase chain reaction,
or clinical symptoms after close exposure to proven
cases of COVID) who deceased (I) Intervention/Expo-
sure: Laboratory and coagulative measures. (C) Control:
COVID patients who survived (O) Outcome: Mortality.
The exclusion criteria were defined as: absence of labora-
tory findings, not reporting mortality as outcome, lack of
individual data, reporting only patients with confounding
conditions such as warfarin usage, pregnant women, can-
cer, coagulopathy disorder. Furthermore, articles in non-
English language were excluded. The kappa statistic was
used to measure inter-rater reliability in screening and
selecting the eligible studies and the results were inter-
preted as less than 0.2 represents no agreement; 0.21—
0.29 represents minimal agreement; 0.40—0.59 represents
weak agreement; 0.60—0.79 represents moderate agree-
ment; 0.80-0.90 represents strong agreement; greater
than 0.9 represents almost perfect agreement [25].

Data extraction and outcome measures

The methodological quality evaluation of the included
articles was assessed by the Newcastle-Ottawa Scale
(NOS) checklist [26]. The quality scores were classified as
follows: very good (score of 9-10), good (score of 7-8),
satisfactory (score of 5-6), or unsatisfactory (score of
0-5). The data extraction using a standardized sheet was
performed by two independent authors. A third-party
discussion was done when any disagreement occurred.
The standardized sheet included: authors’ name, year of
publication, total number of participants, mean age of the
participants, design of the study, and country of the study
along with mean platelet count and its standard deviation
(SD) and total number, mean prothrombin time (PT) and
its standard deviation (SD) and total number, mean acti-
vated partial thromboplastin time (aPTT) and its stand-
ard deviation (SD) and total number, mean D-Dimer level
and its standard deviation (SD) and total number, mean
fibrinogen level and its standard deviation (SD) and total
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number, and mean International Normalized Ration
(INR) and its standard deviation (SD) and total num-
ber. The aforementioned variables were extracted in two
groups: the survivors and the deceased.

Statistical analysis and data synthesis

The pooled mean difference was calculated using ran-
dom effects model and Hedges’ g along with SD esti-
mation. For assessing the heterogeneity of the included
studies, the I (I square) test was used. Moreover, <25%
considered low, 25-75% considered moderate, and >75%
considered high heterogeneity. Additionally, the leave-
one-out sensitivity analysis was conducted to assess
robustness of findings. The Mantel-Haenszel method
and random effects model was used for pooling the
effect sizes and SD was consequently calculated. For test-
ing the overall significance of the random model, z-test
was performed Potential publication bias was graphi-
cally assessed by creating funnel plots for each of the
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aforementioned groups. Furthermore, subgroup analy-
sis based on patients’ average age (>60 or<60 years)
and meta-regression was performed to find the source
of heterogeneity. Two independent reviewers evalu-
ated the certainty of synthesized evidence using GRADE
guidelines [27]. R (R Foundation for Statistical Comput-
ing, Vienna, Austria) and RStudio (RStudio, Inc., Boston,
MA) were used for the statistical analysis and creating
forest and funnel plots.

Results

Study selection and characteristics

Our systematic search of the literature obtained 6969
studies, primarily. After removing the duplicates
(n=2580), 4389 studies were screened based on their
title and abstract. Finally, 189 studies were included for
full-text evaluation. Based on our inclusion and exclusion
criteria, 48 studies [22, 28—74] were included in our final
meta-analysis model (Fig. 1). The agreement between
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Fig. 1 PRISMA flow diagram of the systematic search and study selection
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authors was moderate for the screening and selection
process (k=0.70). The detailed quality assessment of the
included studies is presented in supplemental Table 3.
Supplemental Tables 4—6 represent characteristics of
included articles and exact values of coagulative param-
eters of survived and deceased cases.

Results of syntheses

Based on our meta-analysis, the mean difference
between Platelet count among the survivors and the
deceased was 20.58 (95% CI: 12.28 to 28.88; P= <0.01)
based on the random effects model and was significantly
(p-value<0.01) lower among the deceased (Fig. 2). The
between-study heterogeneity was high (I>=80%). Results
of the Leave-one-out by sensitivity analysis method
showed no difference from excluding any studies (Supple-
mental Fig. 1). Current meta-analysis indicated the mean
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difference between aPTT count among the survivors and
the deceased was not statistically significant (MD: -0.609;
95% CI: -1.66 to 0.45; P=0.24) based on the random
effects model (Fig. 3). High heterogeneity (I>=95.3%)
was observed between the included studies. Leave-one-
out analysis indicated no significant difference by and
studies’ omission (Supplemental Fig. 2). Meta-analysis of
D-dimer levels revealed that the average D-dimer counts
were significantly lower in the survived compared to
non-survived patients (MD: -2.45; 95% CI: -3.24 to -1.66;
P<0.01) (Fig. 4). The included studies were highly het-
erogeneous (I°=92.5%). The pooled effect and hetero-
geneity were not statistically changed by removing any
studies using the leave-one-out method (Supplemental
Fig. 3). Meta-analysis of the difference in fibrinogen levels
among survival and deceased showed a non-significant
mean difference between the two groups (MD: -0.25; 95%

Survived Non-survived
Study Total Mean sD Total Mean sD Mean Difference MD 95%-Cl Weight
Fan et al. 26 207.22  93.33 47 168.35  65.00 —— 38.86 [ -1.54; 79.26] 1.9%
Luo et al. 214 20267 75.38 84 159.64 76.93 - 43.03 [ 23.73; 62.34] 3.0%
Muhammad et al. 155  222.00 94.00 45 200.00 74.00 i 22.00 [ -4.20; 48.20] 2.6%
Pan et al. 35 190.95 70.34 89 187.64  58.77 —- 3.31 [-22.99; 29.62] 2.6%
Satici et al. 626 198.50 60.92 55 195.82  47.96 E 3 2.68 [-10.86; 16.23] 3.2%
Tang et al. 315  231.00 99.00 134  178.00 92.00 - 53.00 [ 33.97; 72.03] 3.0%
Wang et al. 274 21275 81.23 65 164.23 87.94 —— 48.52 [ 25.07; 71.96] 2.7%
Wang et al. 175  230.50 86.50 24 221.00 114.00 — - 9.50 [-37.88; 56.88] 1.6%
Wu et al. 40 201.16  96.50 44 168.20 92.34 - 3296 [ -7.52; 73.44] 1.9%
Yan et al. 9 207.09 111.08 39 167.46  88.51 39.63 [-38.08; 117.34] 0.8%
Yang et al. 20 164.00  74.00 32 191.00  63.00 — -27.00 [-66.09; 12.09] 1.9%
Zhange et al. 40 17719  54.40 13 107.84 112.33 ——=—— 6934 [ 6.00;132.69] 1.1%
Zhou et al. 137 21964 7717 54 167.27  92.92 —— 52.37 [ 24.42; 80.32] 2.5%
Aljohani et al. 224 24360 94.80 22 213.90 75.50 T 29.70 [ -4.20; 63.60] 2.2%
Gayam et al. 276 226.00 89.42 132 21622  83.19 - 9.78 [ -7.91; 27.46] 3.0%
Peiro et al. 159  216.00 90.52 37 226.82 118.76 - -10.82  [-51.59; 29.96] 1.9%
Sai et al. 32 22547  98.79 15 173.47 107.84 — - 52.00 [-12.42;116.42] 1.1%
Valesco et al. 1677 197.33 12854 393 199.36 82.96 = -2.03 [-12.28; 8.23] 3.4%
Violi et al. 298  211.00 75.00 75 204.00 119.00 —— 7.00 [-21.25; 35.25] 2.5%
Gromadzinski et al. 770 23530 10820 270 211.60 93.00 E 3 23.70 [ 10.23; 37.17] 3.2%
Kurien et al. 331 220.00 80.00 60 230.00 110.00 -10.00  [-39.14; 19.14] 2.4%
Poskurica et al. 504  205.00 108.00 199 170.00 83.00 il 35.00 [ 20.10; 49.90] 3.2%
Raychaudhuri et al. 354 21113 4958 37 205.08 58.08 i 6.05 [-13.37; 25.46] 3.0%
Riddell et al. 58 19542  74.50 62 17171 81.97 T 23.71 [ -4.28; 51.71] 2.5%
Surme et al. 549 197.40 6243 18 236.89 143.99 —_— -39.49  [-106.21; 27.24] 1.0%
Wang et al. 17 189.00  74.00 11 173.00  39.00 —— 16.00 [-26.05; 58.05] 1.8%
Amado et al. 68 269.15 267.36 38 257.60 258.80 11.55 [-92.41; 115.52] 0.5%
Chopra et al. 276 21580 15744 124 18223 112.87 —— 3357 [ 6.37; 60.77] 2.5%
Hartantri et al. 586  270.15 8248 103 24552 115.79 — 2463 [ 1.29; 47.97] 2.7%
Laszl6 et al. 130  272.00 118.44 76 221.54 146.60 —I— 50.46 [ 11.72; 89.20] 2.0%
Pinheiro et al. 54 154.88  72.91 47 14149  9.55 - 13.39 [ -6.25; 33.03] 2.9%
Ghareeb et al. 85 254.00 85.97 19 178.66  80.09 P — 75.34 [ 34.96; 115.72] 1.9%
Alizad et al. 467 23166 91.46 97 201.83 73.37 - 29.83 [ 13.04; 46.62] 3.1%
Pertiwi et al. 200 354.13 121.20 53 27117  119.50 —— 82.96 [ 46.67;119.25] 2.1%
Guimaraes et al. 62 256.10 111.20 44 249.00 116.90 —— 7.10 [-37.16; 51.36] 1.7%
Siavoshi et al. 9342 210.90 87.10 2602 204.00 106.40 6.90 [ 2.45; 11.35] 3.5%
Uzem et al. 221 257.60 104.60 51 255.00 125.00 —— 2.60 [-34.37; 39.57] 2.0%
Kutlusoy et al. 119 28059 99.57 249  229.88 115.97 —— 50.71 [ 27.74; 73.68] 2.8%
Dwivedi et al. 6904 213.66 87.49 457  228.00 108.57 -14.34  [-24.51; -4.17] 3.4%
Lipski et al. 91 202.66 66.28 50 20250 76.33 — 0.16 [-25.00; 25.32] 2.7%
Ikiz et al. 431 221.08 85.89 67 178.46  80.92 —l— 4262 [ 21.62; 63.62] 2.9%
Ergenc et al. 245 186.28  74.65 179 22052 90.32 E = -34.24  [-50.44;-18.04] 3.1%
Random effects model 26596 6312 l I <o | ‘ 20.59 [ 12.29; 28.89] 100.0%

Heterogeneity: /2 = 80%, 1 = 480.4544, p < 0.01
Meta-analysis for Platelet counts
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Fig. 2 The mean difference between Platelet count among the survivors and the deceased was 20.58 and was significantly higher

among the survivors
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Survived Non-Survived
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Zhange et al. (a) 32 40.25 4.65 10 39.99 7.12 0.26 [-4.44; 4.96] 2.4%
Yan et al. 9 37.79 7.69 39 40.28 7.23 -249  [-8.00; 3.02] 2.0%
Wu et al. 40 29.80 9.03 44 2495 467 4.84 [ 1.72; 7.96] 3.6%
Lietal 60 35.11  6.30 14 3741 7.16 -2.30 [-6.37; 1.78] 2.8%
Du et al. 158 35.09 6.13 21 36.61 8.50 -1.563  [-5.28; 2.23] 3.0%
Pan et al. 35 3868 6.72 89 3747 7.23 1.21 [-1.48; 3.89] 3.9%
Wang et al. (a) 274 28.37 417 65 2945 333 -1.08  [-2.03;-0.13] 5.4%
Wang et al. (b) 175 39.38 6.05 24 4129 732 -1.92 [-4.98; 1.15] 3.6%
Sai et al. 32 3372 9.25 15 36.15 15.29 -242  [-10.80; 5.95] 1.1%
Valesco et al. 1677 3046 3.33 393 30.08 4.16 0.38 [-0.06; 0.83] 5.7%
Gayam et al. 276 3142 3.94 132 3144 475 -0.02  [-0.95; 0.91] 5.4%
Aljohani et al. 190 36.70 19.20 22 60.70 47.90 -24.00 [-44.20; -3.80] 0.2%
Raychaudhuri et al. 354 30.14 4.25 37 3137  7.10 -1.23  [-3.56; 1.10] 4.3%
Riddell et al. 58 36.12 7.60 62 37.84 8.72 -1.72 [-4.64; 1.20] 3.7%
Kurien et al. 331 35.50 58.30 60 3290 9.20 2.60 [-4.10; 9.30] 1.5%
Hilda et al. 235 30.54 574 52 30.26 6.02 0.29 [-1.51; 2.08] 4.8%
Citu et al. 65 22.00 3.95 17 2710  5.90 -5.10  [-8.06; -2.14] 3.7%
Poskurica et al. 504 3140 7.70 199 33.10 8.00 -1.70  [-3.00;-0.40] 5.2%
Gromadzinski et al. 770 31.00 1240 270 30.80 10.00 0.20 [-1.28; 1.68] 5.0%
Wang et al. (c) 17 30.30 6.10 11 3250 6.10 -220 [-6.83; 2.43] 2.4%
Huyut et al. 2336 3534 758 232 31.00 2.00 4.34 [ 3.94; 4.74] 5.7%
Alizad et al. 467 3160 5.27 97 33.20 6.62 -1.60  [-3.00;-0.20] 5.1%
Guimarées et al. 62 3430 6.20 44 40.60 9.80 -6.30 [-9.58;-3.02] 3.4%
Siavoshi et al. 9342 3190 10.10 2602 33.30 10.00 -1.40  [-1.84;-0.96] 5.7%
Dwivedi et al. 5112 3240 3.63 426  33.00 542 -0.60 [-1.12;-0.08] 5.6%
Ikiz et al. 431 2792 4.39 67 26.78 6.83 1.14 [-0.55; 2.83] 4.9%
Random effects model 23042 5044 -0.61 [-1.67; 0.45] 100.0%

Heterogeneity: /2 = 95%, 1% = 4.1279, p < 0.01
Meta-analysis for activated Partial Thromboplastin Time

T 1
20 40

Fig. 3 The mean difference between aPTT count among the survivors and the deceased was -0.60 and was not significantly lower

among the deceased

CI: -0.62 to 0.11; P=0.16) (Fig. 5). The between-study
heterogeneity was markedly high (I*=91%). Further sen-
sitivity analysis using the leave-one-out method indicated
that removing any studies did not significantly alter the
polled results (Supplemental Fig. 4). The meta-analysis
results based on the random effects showed signifi-
cantly higher INR count in deceased than in the survived
patients (MD: -0.10; 95% CI: -0.14 to -0.05; P<0.01)
(Fig. 6). High between-study heterogeneity (I*=93.9%%)
in the included studies was observed. Furthermore, the
Leave-one-out sensitivity analysis resulted in no signifi-
cant difference by removing any selected studies (Sup-
plemental Fig. 5). The findings of the meta-analysis
indicated significantly lower PT levels in the survived
compared to the deceased (MD: -0.84; 95% CI: -1.09 to
-0.59; P<0.01) (Fig. 7). The included articles were mod-
erately heterogeneous (I*=73.5%). Sensitivity analysis by
the leave-one-out method did not reveal any significant
change in pooled estimate results or heterogeneity by any
studies’ omission (Supplemental Fig. 6).

Subgroup analyses

Subgroup analyses were performed based on age (Figure
Supplemental 7-12). The tests of between-group differ-
ences were non-significant for all variables except for
fibrinogen (P value=0.02) and INR (P value<0.01). In

both Fibrinogen and INR analyses, only a subgroup of
studies with an average age of less than 60 years showed
significant mean differences between survived and non-
survived cases (Figure Supplemental 10 and 11). Fur-
thermore, the between-study heterogeneity within each
group remained in the same category as the overall het-
erogeneity for all variables.

Meta-regression

Meta-regression analysis with year of publication, sam-
ple size, and age was performed for all variables and pre-
sented in supplemental Table 4. Findings of platelet, PT,
D-dimer, INR and aPTT meta-regression were non-sig-
nificant. However, the age in fibrinogen analysis signifi-
cantly accounted for heterogeneity.

Certainty of evidence

Supplemental Table 5 shows a detailed investigation
of the quality of polled results. The certainty was low
in platelet, aPTT, INR, and PT results and very low in
D-dimer and fibrinogen findings.

Risk of publication bias

The risk of publication bias was assessed by visual inves-
tigation and statistical tests (Figure Supplemental 13-18).
The funnel plots of platelet, aPTT, Fibrinogen, and INR
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Survived Non-survived
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Zhange et al. (a) 40 0.44 0.19 11 3.26 3.42 —I— -2.82  [-4.84;-0.80] 2.1%
Yan et al. 9 0.53 0.55 39 6.27 4.47 i -5.74  [-7.18;-4.29] 2.3%
Tang et al. (a) 315 217 2.51 134 9.27 1467 —— -7.10  [-9.60; -4.60] 1.9%
Wau et al. 40 0.67 0.67 44 2.79 3.35 . -2.12 [-3.14; -1.11] 2.4%
Fan et al. 26 0.66 0.63 47 3.27 4.87 : -2.61 [-4.02;-1.19] 2.3%
Lietal. 60 0.70 0.75 14 2.27 3.78 i -1.57 [-3.56; 0.42] 2.1%
Satici et al. 626 0.91 0.66 55 1.83 1.69 -0.92  [-1.37;-0.47] 2.5%
Du et al. 158 0.68 0.67 21 4.23 8.02 —— -3.55  [-6.98;-0.12] 1.6%
Pan et al. 35 240 3.85 89 4.27 5.44 i+ -1.87  [-3.57;-0.16] 2.2%
Luo et al. (b) 214 0.64 0.60 84 773 1221 —— -7.09  [-9.70;-4.48] 1.9%
Wang et al. (a) 274 1.22 1.14 65 776 11.89 —— -6.53  [-9.43;-3.64] 1.8%
Zhou et al. (a) 137 0.64 0.52 54 9.51 14.92 —,— -8.88  [-12.86; -4.90] 1.4%
Wang et al. (b) 174 1.12 1.06 24 4.38 5.15 -3.26  [-5.33;-1.20] 2.1%
Muhammad et al. 155 240 343 45 3.68 5.09 -1.28  [-2.86; 0.30] 2.3%
Sai et al. 32 2.40 2.25 15 895 12.82 -6.55  [-13.08; -0.01] 0.8%
Peiro et al. 159 0.79 0.72 37 1.90 1.34 -1.11 [-1.55; -0.66] 2.5%
Valesco et al. 1677 0.63 0.50 393 1.20 1.05 -0.58 [-0.68;-0.47] 2.5%
Violi et al. 298 1.35 1.20 75 2.46 2.89 -1.12  [-1.78;-0.45] 2.5%
Gayam et al. 276 1.99 1.51 132 5.22 6.05 -3.23  [-4.28;-2.18] 2.4%
Aljohani et al. 231 2.80 5.80 22 4.70 6.00 -1.90 [-4.52; 0.72] 1.9%
Raychaudhuri et al. 354 1.56 2.78 37 5.46 4.99 -390 [-5.54;-2.27] 2.2%
Riddell et al. 58 1.64 1.36 62 3.1 3.58 -1.47  [-2.43;-0.51] 2.4%
Kurien et al. 331 1.29 2.08 60 4.01 3.53 : -2.72  [-3.64;-1.80] 2.4%
Hilda et al. 235 7.34 1485 52 8.23 14.91 ; -0.89  [-5.36; 3.59] 1.3%
Citu et al. 65 0.65 0.77 17 1.95 1.36 | -1.30  [-1.97;-0.63] 2.5%
Poskurica et al. 504 0.94 1.14 199 1.09 1.51 -0.15  [-0.38; 0.08] 2.5%
Gromadzinski et al. 770 1.09 0.97 270 1.76 1.52 -0.67 [-0.87;-0.48] 2.5%
Surme et al. 549 0.70 0.47 18 0.98 0.74 -0.28 [-0.62; 0.06] 2.5%
Wang et al. (c) 17 1.22 1.29 11 1.36 2.20 L3 -0.14  [-1.58; 1.29] 2.3%
Amado et al. 68 2.06 1.74 38 243 2.04 -0.37  [-1.14; 0.40] 2.5%
Hartantri et al. 586 1.01 1.04 103 2.60 2.85 I | -1.59  [-2.15;-1.04] 2.5%
Laszl6 et al. 130 1.63 2.02 76 2.03 2.04 -040 [-0.97; 0.18] 2.5%
Shrestha et al. 716 1.64 2.51 31 4.49 3.53 L -2.85 [-4.11;-1.59] 2.4%
Ghareeb et al. 85 0.63 0.87 19 3.78 2.96 E 3 -3.15  [-4.49;-1.81] 2.3%
Huyut et al. 2336 0.54 0.59 232 1.28 0.18 ] -0.74  [-0.77;-0.70] 2.5%
Alizad et al. 467 0.60 0.65 97 0.65 0.64 -0.05 [-0.19; 0.09] 2.5%
Pertiwi et al. 200 1.18 2.00 53 6.63 10.60 —— -5.45  [-8.32;-2.58] 1.8%
Guimarées et al. 62 2.06 2.31 44 2.90 2.01 -0.84  [-1.66;-0.01] 2.5%
Siavoshi et al. 9342 0.95 125 2602 1.70 1.97 ] -0.75  [-0.83;-0.67] 2.5%
Uzem et al. 221 0.75 1.12 51 1.72 3.03 -0.97  [-1.81;-0.12] 2.4%
Kutlusoy et al. 119 2.80 4.16 249 3.88 5.99 -1.08  [-2.13;-0.03] 2.4%
Dwivedi et al. 5118 1.51 1.29 412 1246 16.71 s 3 -10.95 [-12.56; -9.34] 2.3%
Lipski et al. 91 0.90 0.63 50 1.49 1.34 -0.59  [-0.98;-0.19] 2.5%
Ikiz et al. 431 0.60 0.72 67 2.49 2.90 -1.89  [-2.58;-1.19] 2.5%
Ergenc et al. 245 1.95 7.51 179 1315 2617 —#&— ; -11.20 [-15.15; -7.25] 1.5%
Random effects model 28036 6429 @ -2.46 [-3.25;-1.67] 100.0%

Heterogeneity: /2 = 93%, 1% = 5.4596, p < 0.01
Meta-analysis for D-dimer
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Fig. 4 The mean difference between D-Dimer count among the survivors and the deceased was -2.45 and was significantly lower

among the survived

meta-analyses were symmetrical, and statistical tests did
not demonstrate a significant risk of publication bias. In
contrast, funnel plots of DD and PT analyses were asym-
metrical, representing probable risk of publication bias
confirmed by the Begg test (P values < 0.05).

Discussion

According to the results of our systematic review and
meta-analysis study, the estimated pooled platelet count
was significantly lower among the deceased compared to
the survivors. Also, the pooled mean aPTT and fibrino-
gen levels did not show any significant difference among

the deceased and the survivors. The pooled estimated
mean of INR, PT, and D-Dimer was significantly higher
among the deceased compared to those who survived.
Platelets play a critical role in maintaining haemosta-
sis and contribute to thrombo-inflammatory processes
during viral infections. Changes in platelet production
or destruction at various stages of viral infection can
lead to coagulation imbalances, resulting in pro-throm-
botic events or platelet dysfunction and bleeding risks.
Thrombocytopenia (low platelet count) has emerged as
a significant marker of COVID-19 severity and mortality
[75-78]. Thrombocytopenia has diverse reasons and may
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Survived Non-survived
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Wang et al. (b) 174 503 1.79 24 562 1.33 —I—— -0.59 [-1.19; 0.00] 5.6%
Yan et al. 9 480 1.38 39 508 250 —— -0.28 [-1.48; 0.92] 3.7%
Lietal. 60 476 113 14 463 1.07 — 0.14  [-0.49; 0.77] 5.5%
Zhange et al. (a) 32 468 1.19 10 377 215 — 091 [-0.48; 2.30] 3.2%
Pan et al. 35 453 1.1 89 434 152 0.19  [-0.29; 0.67] 6.0%
Satici et al. 626 351 064 55 406 091 : 5 -0.55 [-0.79; -0.30] 6.5%
Valesco et al. 1677 684 171 393 6.82 1.79 ] 0.01 [-0.18; 0.21] 6.6%
Gayam et al. 276 565 193 132 489 091 E 3 0.77  [0.49; 1.04] 6.5%
Poskurica et al. 504 626 2.06 199 522 2.09 - 1.04 [0.70; 1.38] 6.3%
Citu et al. 65 563 262 17 6.09 2.02 = -0.46 [-1.61; 0.69] 3.9%
Riddell et al. 58 536 0.98 62 536 1.13 -l 0.00 [-0.38; 0.38] 6.3%
Raychaudhuri et al. 354 4.81 1.75 37 6.15 246 —— -1.34  [-2.15;-0.53] 4.9%
Surme et al. 549 4.77 1.47 18 5.20 2.21 —— -043 [-1.46; 0.59] 4.2%
Hilda et al. 235 417 1.61 52 6.05 2.41 —— -1.88  [-2.57;-1.19] 5.3%
Wang et al. (c) 17 358 053 11 381 087 —— -0.23  [-0.80; 0.34] 5.7%
Huyut et al. 2336 321 077 232 350 0.05 -0.29 [-0.32;-0.26] 6.8%
Dwivedi et al. 5074 351 1.05 425 398 1.94 i -0.47 [-0.66; -0.28] 6.6%
Ikiz et al. 431 404 137 67 525 1.63 - -1.21 [-1.62; -0.80] 6.2%
Random effects model 12512 1876 < -0.26 [-0.62; 0.11] 100.0%
Heterogeneity: /2 = 91%, 1 = 0.4580, p < 0.01 f T T !
2 -1 0 1 2
Fig. 5 The mean difference between Fibrinogen count among the survivors and the deceased was -0.25 and was not significantly lower
among the deceased
Survived Non-survived
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Lietal 60 1.06 0.07 14 1.13 0.16 : -0.06 [-0.15; 0.02] 6.5%
Aljohani et al. 189 120 0.20 22 140 040 —— -0.20  [-0.37;-0.03] 3.7%
Gayam et al. 276 117 013 132 118 017 = -0.01  [-0.05; 0.02] 8.4%
Gromadzinski et al. 770 116 0.14 270 120 0.20 -0.05 [-0.07;-0.02] 8.6%
Raychaudhuri et al. 354 1.10 024 37 142 060 —=&—— -0.32 [-0.51;-0.13] 3.1%
Riddell et al. 58 110 0.5 62 110 0.5 i 0.00 [-0.05; 0.05] 7.8%
Poskurica et al. 504 1.07 019 199 1.09 0.20 = -0.02  [-0.05; 0.01] 8.5%
Citu et al. 65 1.02 0.15 17 110 0.38 — -0.08 [-0.26; 0.10] 3.4%
Wang et al. (c) 17 1.02 017 11 110 0.16 — -0.08  [-0.20; 0.04] 5.1%
Kurien et al. 331 099 0.18 60 121 042 —— -0.22  [-0.33;-0.11] 5.7%
Huyut et al. 2336 110 013 232 125 0.24 = -0.15  [-0.18;-0.12] 8.5%
Alizad et al. 467 1.08 0.12 97 1.25 0.26 E 3 -0.17  [-0.22;-0.12] 7.8%
Guimarées et al. 62 1.15 0.57 44 121 0.35 — - -0.06 [-0.24; 0.12] 3.6%
Siavoshi et al. 9342 1.10 0.30 2602 1.30 0.50 -0.20 [-0.22;-0.18] 8.7%
Dwivedi et al. 5179 1.04 0.07 434 1.09 0.14 -0.05 [-0.06; -0.04] 8.8%
Ikiz et al. 431 1.1 0.81 67 1.25 1.12 -0.14  [-0.42; 0.14] 1.9%
Random effects model 20441 4300 [ : < | | -0.10 [-0.15; -0.05] 100.0%

Heterogeneity: 12 = 94%, t* = 0.0054, p < 0.01

04 -02 0 02 04

Fig. 6 The mean difference between INR count among the survivors and the deceased was -0.10 and was significantly lower among the survived

include early suppression of platelet production, damage
to bone marrow, and hemo-phagocytosis [79-83].

In the convalescent phase of COVID-19, some patients
may experience reactive thrombocytosis following initial
thrombocytopenia. The increase in immature reticulated
platelets observed in COVID-19 patients may impact the
effectiveness of anti-platelet therapies [84—88]. Changes
in platelet parameters and reactivity have been associ-
ated with severe COVID-19 infections. Moreover, studies
have reported dysfunction of megakaryocytes (platelet
progenitors) in COVID-19 patients, with elevated and

abnormal megakaryocytes found in various organs,
including the lungs, heart, brain, and bone marrow. The
lungs appear to play a significant role in platelet biogen-
esis, and hypoxia-induced thrombocytopenia is linked to
reduced lung megakaryocytes and impaired platelet gen-
eration in the lungs [89-95].

The SARS-CoV-2 virus has been implicated in up-
regulating megakaryocyte progenitors and elevating cir-
culating megakaryocytes in severe COVID-19, possibly
through infection of early megakaryocyte progenitors.
This suggests the possibility of viral RNA transfer from
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Survived Non-Survived
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Zhange et al. (a) 40 13.71  1.03 13 14.99 1.70 —— -1.28 [-2.26;-0.31] 3.2%
Yan et al. 9 13.74 1.04 39 15.48 2.77 —— -1.74  [-2.85; -0.64] 2.7%
Tang et al. (a) 315 1460 210 134 1650 8.40 — -1.90 [-3.34;-0.46] 1.8%
Wu et al. 40 11.71 115 44 11.73 1.02 = -0.02 [-0.48; 0.45] 6.0%
Fan et al. 26 1113 141 47 11.88 1.55 - -0.75 [-1.45;-0.05] 4.5%
Lietal. 60 13.34 1.36 14 13.95 2.80 -0.60 [-2.11; 0.90] 1.7%
Du et al. 158 13.77 2.09 21 14.19 3.18 -0.42 [-1.82; 0.98] 1.9%
Pan et al. 35 13.66 1.15 89 1413 1.65 el -0.47  [-0.98; 0.05] 5.7%
Wang et al. (a) 274 12.07 0.74 65 1297 1.66 » -0.90 [-1.31;-0.49] 6.4%
Yang et al. 20 10.90 2.70 32 1290 2.90 —— -2.00 [-3.55;-0.45] 1.6%
Zhou et al. (a) 137 11.47 1.64 54 12.35 1.90 R 3 -0.88 [-1.45;-0.30] 5.3%
Wang et al. (b) 175 1400 090 24 1490 1.26 s 3 -0.90 [1.42;-0.38] 56%
Saietal. 32 1254 1.76 15 13.67 3.10 —-—— -1.13  [-2.81; 0.55] 1.4%
Valesco et al. 1677 1287 118 393 1331 141 -0.44  [-0.59; -0.28] 7.9%
Raychaudhuri et al. 354 14.09 252 37 1729 544 — -3.20 [-4.97;-1.43] 1.3%
Riddell et al. 58 12.04 1.67 62 12.05 1.59 3 -0.01  [-0.59; 0.58] 5.2%
Hilda et al. 235 15.18 8.23 52 18.33 9.23 e -3.14 [-5.86;-0.42] 0.6%
Citu et al. 65 12.30 1.60 17 13.31  3.10 i -1.01  [-2.53; 0.51] 1.7%
Gromadzinski et al. 770 1273 185 270 13.04 238 -0.31 [-0.62; 0.01] 71%
Wang et al. (c) 17 11.80 200 11 1280 1.80 —a -1.00 [-2.43; 0.43]  1.9%
Huyut et al. 2336 13.10 1.50 232 14.83 14.20 r -1.73  [-3.56; 0.10] 1.2%
Alizad et al. 467 13.10 0.96 97 1435 218 = -1.25  [-1.69; -0.81] 6.2%
Guimaraes et al. 62 13.90 1.90 44 156.30 3.20 —— -1.40 [-2.46;-0.34] 2.9%
Siavoshi et al. 9342 1300 230 2602 14.10 3.70 -1.10 [-1.25;-0.95] 7.9%
Dwivedi et al. 5186 1213 1.1 434 12.73 215 -0.60 [-0.80; -0.40] 7.7%
Ikiz et al. 431 12.09 254 67 1471 1233 r -2.62 [-5.58; 0.34] 0.5%
Random effects model 22321 4909 ¢ -0.84 [-1.09; -0.60] 100.0%
T T 717 1

Heterogeneity: /2 = 74%, 12 = 0.1545, p < 0.01
Meta-analysis for Prothrombin Time
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Fig. 7 The mean difference between PT count among the survivors and the deceased was -0.84 and was significantly lower among the survived

megakaryocytes to platelets and circulating plasma extra-
cellular vehicles (EVs) [96—100]. Notably, plasma SARS-
CoV-2 RNA has been strongly associated with increased
mortality in COVID-19 patients. However, there is a gap
in our knowledge of platelet non-canonical function and
regeneration, so other research is essential to compre-
hensively grasp COVID-19 pathogenesis and identify
increased thromboembolic risk [96—106].

Publication bias and variability in cut-off values for
D-dimer (DD) measurement across studies may influ-
ence reported outcomes. Haemostasis tests, including
D-dimers, may have limited usefulness because there
is some differences in methodologies, antibody origin,
detection methods, calibrators, and diagnostic thresholds
among different laboratories.

Autopsy findings have shown that increased DD lev-
els can be linked to fibrin deposits in the pulmonary
extravascular space and alveoli. However, these elevations
may not always be specific to intravascular fibrin forma-
tion. Elevated DD levels, along with increased neutrophil
counts, have been identified as predictors of pulmonary
embolism in COVID-19 patients. DD and fibrinogen
(FIB) levels are elevated in both COVID-19 and throm-
boembolism, making them non-specific and unhelpful
as single tests to distinguish between these conditions
[107-110]. The lack of specificity might be attributed to

the involvement of various systems, such as endothelial
cells, complement activation, and hypo-fibrinolysis, in
the abnormal coagulation processes during COVID-19,
leading to changes that routine tests may not capture.
Initial reports from China indicated a decreased acti-
vated partial thromboplastin time (APTT) as a marker
of hypercoagulation [111-114]. However, later studies
reported prolonged APTT, which could suggest deficien-
cies in clotting factors or the presence of inhibitors, such
as heparin therapy. Another explanation could be the
presence of antiphospholipid antibodies (aPL) or lupus
anticoagulant (LA) which is observed in patients affected
by COVID-19. Prolonged APTT may also be influenced
by increased heparin therapy usage, especially in severe
cases of COVID-19 [55, 115-117].

There are conflicting reports regarding fibrinogen levels
and COVID-19 severity. Some studies show high fibrino-
gen levels in COVID-19 patients, while others report
alternative findings. Severe COVID-19 infection may
induce fibrinolysis shutdown, contributing to high levels
of D-dimers and fibrinogen. However, other reports sug-
gest increased plasmin-antiplasmin complexes and mild
consumption coagulopathy in COVID-19 patients [118—
123]. Tissue-type plasminogen activator elevation has
also been found in severe COVID-19 cases. Fibrinogen
plays a crucial role in linking coagulation, complement
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system, and inflammation in COVID-19. Recent post-
mortem studies have identified microvascular thrombi in
multiple organs, indicating a hypercoagulable state with
impaired fibrinolysis. However, the association between
abnormal visco-elastometric testing (VET) patterns and
clinical outcomes has not been demonstrated in patients
affected by COVID-19 [124-128].

Routine coagulation tests which are taken at the time
of admission can be helpful in differentiating severe and
non-severe COVID-19 patients. The mechanisms of
fibrinolysis shutdown may involve reduced fibrinolysis
factors (plasminogen) and elevated inhibitors of fibrinol-
ysis (such as a2-antiplasmin and plasminogen activator
inhibitor PAI-1). Longitudinal observational studies are
crucial for understanding COVID-19 infection dynam-
ics and disease outcomes. Daily changes in relevant hae-
mostasis parameters, including D-dimers and PT, have
been observed in severe COVID-19 patients. However,
it’s essential to consider the variability in disease progres-
sion and admission timepoints when interpreting study
results.

The current study has certain constraints. Included
studies may have used different methods and kits for per-
forming coagulation tests. Furthermore, the timing of
tests could vary from study to study, while coagulation
parameters may change throughout the disease. Addi-
tionally, the vaccination may affect the coagulation tests
[129], and since study publications varied from 2020 to
2023, some of the differences may have contributed to
vaccinations. Likewise, several underlying conditions,
such as cancers, pregnancy, and receiving anticoagulants,
may alter the results of coagulation tests. Unfortunately,
detailed analyses on each condition were not allowed due
to the incomplete reports of patients’ conditions in the
included articles, and readers should interpret our find-
ings with caution. Further investigation, considering all
the confounding factors mentioned, should be necessary
to evaluate the findings of the current study.

Conclusion

The outcomes of our systematic review and meta-analysis
indicate a significant decrease in the estimated pooled
platelet count in deceased individuals compared to sur-
vivors. However, no significant differences were found
in the pooled mean aPTT and fibrinogen levels between
the deceased and survivor groups. Conversely, there were
notable variations in the pooled estimated mean of INR,
PT, and D-Dimer levels, which were significantly higher
in the deceased group compared to those who survived.
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