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Abstract
Background: COVID-19 has been shown to increase the risk of thrombosis, 
where this mechanism occurs due to cell damage that triggers the release 
of various proinflammatory cytokines and chemokines, thereby activating 
the coagulation cascade. Thus, an increase D-dimer levels in COVID-19 
patients occurs. Patients’ length of hospital stay (LOS) is pivotal in order 
to improve patient care, lower overall expenses, and distribute resources 
effectively.
Purpose: This study aims to identify the association between D-dimer and 
other parameters as a predictor of LOS in COVID-19 survivors.
Methods: This observational analytic study included COVID-19 patients 
who were admitted to Universitas Sebelas Maret Hospital in Sukoharjo, 
Indonesia, from November 2020 to January 2021. The data were taken from 
the medical records of patients diagnosed with COVID-19. Age, gender, 
comorbidities, admission oxygen saturation, D-dimer, neutrophil-lymphocyte 
ratio (NLR), haemoglobin, platelet count, white blood cells (WBC), estimated 
glomerular filtration rate (eGFR), and LOS were analysed in this study. 
Binary logistic regression was applied to determine the correlation between 
potential predictors on LOS.
Results: A total 104 patients was included in the final analysis. The median 
LOS was 13 days (IQR 9-17 days). There was an increase of D-dimer in 79 
patients with the median 759.39 ng/ml. Patients with prolonged LOS tend 
to have higher D-dimer levels (Median 924.95 vs 591.54 ng/ml, p = 0.018). 
However, D-dimer and other parameters were not associated with prolonged 
LOS in COVID-19 survivors (D-dimer p = 0.188; Age p = 0.138; Diabetes 
mellitus p = 0.172; NLR p = 0.859; Platelet count p = 0.097).
Conclusion: D-dimer levels do not accurately predict prolonged LOS in 
COVID-19 survivors. Therefore, we suggest D-dimer solely should not be 
used as a tool to predict a patient’s LOS.
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Introduction
COVID-19, a pandemic affecting healthcare systems worldwide (di Gennaro 
et al., 2020), originated in late 2019 when a novel coronavirus, later identified 
as SARS-CoV-2, was linked to acute respiratory illnesses in Wuhan, 
China. Subsequently, in March 2020, this virus was officially declared a 
pandemic (Güner et al., 2020). It was found that COVID-19 is a systemic 
disease that can affect vascularisation in the pulmonary alveolar tissue, 
glomerular capillary loops, small intestines capillary, and myocardiocytes, 
and, therefore, has a high risk of thrombosis. This situation can certainly be a 
life-threatening situation in COVID-19 patients. Thus, anticoagulation is the 
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cornerstone treatment in thromboembolic (Ortega-
Paz et al., 2021). 

D-dimer levels elevated from 3.75% up to 68% in 
COVID-19 patients. D-dimer is one of the products 
of fibrin breakdown process, namely the fibrinolysis 
process. Pathological and non-pathological 
conditions that increase both fibrin production 
and fibrin breakdown will increase D-dimer levels 
in plasma (Yao et al., 2020). This thrombosis 
mechanism occurs due to cell damage caused 
by the COVID-19 virus which triggers release of 
various proinflammatory cytokines and chemokines, 
thereby activating the coagulation cascade, 
and compensated by the process of fibrinolysis 
which makes the patient’s D-dimer level increase 
(Kasinathan & Sathar, 2020). D-dimer levels serve 
as a valuable marker for assessing the severity and 
prognosis of COVID-19 patients, with higher levels 
indicating a more unfavourable outcome. Research 
has demonstrated that D-dimer levels surpassing 
2.14 mg/L are associated with an increased risk of 
mortality in COVID-19 patients (Yao et al., 2020). As 
a result, D-dimer examinations remain an essential 
practice in the early evaluation of hospitalized 
COVID-19 patients (Zhan et al., 2021a). 

The rapid spread of COVID-19 presents a 
significant challenge to healthcare systems, 
particularly hospitals, as they face an increasing 
caseload (Mahboub et al., 2021). Length of Hospital 
Stay (LOS) is a crucial metric that determines the 
number of days an in-patient remains hospitalized 
(Stone et al., 2022). It has proven to be instrumental 
in improving patient care, reducing overall expenses, 
and optimizing resource distribution based on 
staff and patient needs. Additionally, LOS provides 
valuable insights into hospital care unit efficiency 
and patient flow. Accurate prediction of patient 
LOS holds great benefits for healthcare specialists, 
enabling them to make informed medical decisions, 
allocate medical teams and resources effectively, and 
ensure adequate bed capacity (Abd-Elrazek et al., 
2021). The use of clinical data to predict the demand 
for hospital and Intensive Care Unit (ICU) beds in 
COVID-19 patients has become indispensable in 
optimizing therapy effectiveness (Rees et al., 2020; 
Vekaria et al., 2021). Currently, there is no existing 
study investigating the association between D-dimer 
levels and LOS in COVID-19 survivors, particularly 
in Indonesia. Hence, the main objective of this study 
is to establish the correlation between D-dimer and 
other relevant parameters as potential predictors of 
LOS in COVID-19 survivors.

Materials and Methods

Design
This study follows an observational analytic design 
with a cross-sectional approach. The research was 
carried out on hospitalized patients diagnosed with 
COVID-19 at Universitas Sebelas Maret Hospital 
in Sukoharjo, Indonesia, during the period from 
November 2020 to January 2021. Participants were 

selected based on specific inclusion and exclusion 
criteria.

Sample and  setting
The inclusion criteria in this study were patients 
with a positive diagnosis of COVID-19 which was 
confirmed through a real-time polymerase chain 
reaction (RT-PCR), discharged patients with the 
approval of medical personnel, and patients who 
had D-dimer examination within three days of 
admission. Patients who died during hospitalisation, 
discharged at personal request, pregnant during 
hospitalisation, had history of anticoagulant therapy, 
and who were not tested with D-dimer examination 
within three days of admission were excluded from 
this study. A total of 104 samples was obtained.

Data collection
We collected patient demographic, clinical 
characteristics, and laboratory data. The data 
was taken from the medical records of patients 
diagnosed with COVID-19 at the Universitas 
Sebelas Maret Hospital including age, gender, 
comorbidities, oxygen saturation at admission, 
D-dimer, neutrophil-lymphocyte ratio (NLR), 
haemoglobin, platelet count, white blood cells 
(WBC), estimated glomerular filtration rate (eGFR), 
and LOS. Admission oxygen saturation were divided 
into two groups (i.e., < 95% and  95%). In this study, 
LOS was calculated as the duration from the date 
the patient was admitted to the hospital until the date 
they were discharged. If a patient was transferred to 
the Intensive Care Unit (ICU) or a non-COVID-19 
ward during their hospitalization, the LOS continued 
to be recorded until the patient was ultimately 
discharged from the hospital. Median was used as 
cut-off for prolonged LOS. All blood panels were 
measured using automatic haematology analyzer 
with flow cytometry. For calculating eGFR, we used 
the 2021 CKD-EPI equation. D-dimer levels were 
measured using a latex turbidimetric immunoassay, 
and the results were given in ng/ml. Elevated 
D-dimer defined as  500 ng/ml.

Data analysis
In this study, all statistical analyses were conducted 
using IBM SPSS Statistics Version 26. Continuous 
data were presented as either frequency, mean ± 
standard deviation, or median with interquartile 
ranges (IQR). The choice between the independent 
t-test or Mann-Whitney U test depended on whether 
the data followed a normal distribution. Categorical 
data were presented as frequency with percentages, 
and the differences between variables based on 
Length of Hospital Stay (LOS) were assessed 
using either Pearson’s Chi-square test or Fisher’s 
exact test. For the normality test of the data, the 
Kolmogorov-Smirnov test was employed. To identify 
the correlation between potential variables and 
LOS, variables with a p-value less than 0.25 in 
the univariate analysis were included in the binary 
logistic regression. A p-value less than 0.05 was 
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considered statistically significant.

Ethical consideration
This study was conducted after obtaining ethical 
approval from the Health Research Ethics 
Commission of Dr. Moewardi Hospital (ethics 
number 393/III/HREC/2021).

Results

This study included 104 patients who were 
hospitalised in Universitas Sebelas Maret Hospital 
between November 2020 and January 2021, 
consisting of 55 (52.9%) males and 49 (47.1%) 
females. The median age of the study population 
was 52 years (IQR 43.25 to 58.75 years). Fifty-one 
percent of the patients had no comorbidity, while 
the most common comorbidities found in this study 
were diabetes mellitus (32.7%) and hypertension 
(21.2%). Admission oxygen saturation 95% was 
found on 64.4% of the population. The median of 

Table 1. Baseline Characteristics of Hospitalized COVID-19 Patients
Characteristics All patients 

(n=104)
Length of hospital stay p

<13 days (n=49) 13 days (n=55)
Age (years), median (IQR) 52 (43.25-58.75) 50 (38-57) 54 (46-61) 0.199m
Gender, n (%)
Male 55 (52.9) 25 (59) 30 (54.5) 0.719c
Female 49 (47.1) 24 (41) 25 (45.5)
Comorbidities, n (%)
Without Comorbidity 53 (51) 23 (46.9) 30 (54.5) 0.439c
Hypertension 22 (21.2) 10 (20.4) 12 (21.8) 0.86c
Diabetes Mellitus 34 (32.7) 19 (38.8) 15 (27.3) 0.212c
Asthma 2 (1.9) 1 (2) 1 (1.8) 1.000f
Acute Kidney Injury 2 (1.9) 1 (2) 1 (1.8) 1.000f
Congestive Heart Failure 4 (3.8) 2 (4.1) 2 (3.6) 1.000f
Oxygen saturation at admission, n (%)
<95% 37 (35.6) 20 (40.8) 17 (30.9) 0.292p
95 67 (64.4) 29 (59.2) 38 (69.1)
Laboratory parameters
D-dimer (ng/dl), median (IQR) 759.39 (485.42-

1548.55)
591.54 (455.93-

1187.99)
924.95 (579.03-

1839)
0.018*m

NLR, median (IQR) 4.12 (2.85-6.34) 3.69 (2.36-5.83) 4.7 (3.18-6.76) 0.082m
Hemoglobin (g/dL), mean  SD 13.63  1.8 13.54  1.69 13.73  1.91 0.597t
Platelet count (103/L), median 
(IQR)

246 (185-309) 252 (201-347) 233 (176-301) 0.201m

WBC (103/L), median (IQR) 7.59 (5.89-9.68) 6.74 (5.77-9.42) 7.77 (6.26-10.98) 0.324m
eGFR (ml/min/1,73m2), medi-
an (IQR) (n=95)

97 (58-111) 97 (64.5-116.5) 93 (54.25-108.25) 0.553m

Note: Labelled with *: significant; t: independent t test; m: mann-whitney U test; c: pearson’s chi-square; 
f: Fisher’s exact test; IQR: interquartile range; NLR: neutrophil-lymphocyte ratio; WBC: white blood cells; 
eGFR: estimated glomerular filtration rate based on CKD-EPI equation.

Table 2. Analysis of Potential Risk Factor for Prolonged Length of Hospital Stay

Variables
Length of hospital stay

OR (95% CI) p
D-dimer (mg/dl) 1.000 (1.000-1.001) 0.188
Age (years) 1.028 (0.991-1.066) 0.138
DM (yes) 0.539 (0.222-1.308) 0.172
NLR 1.010 (0.914-1.115) 0.859

Note: DM: diabetes mellitus; NLR: neutrophil-lymphocyte count.
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LOS in this study was 13 days; therefore, prolonged   
LOS is defined as LOS 13 days. Laboratory findings 
collected in this study were D-dimer, haemoglobin, 
platelet count, WBC, and eGFR. There were 79 
patients having elevated D-dimer with the median of 
D-dimer 759.39 mg/dl. Patients with prolonged LOS 
tend to have higher D-dimer levels (Median 924.95 
vs 591.54 ng/ml, p = 0.018). The differences in 
demographic, clinical, and laboratory data between 
LOS of less than 13 days and LOS of 13 days or 
more are shown in Table I.

D-dimer, age, patients with diabetes mellitus, 
NLR, and platelet count were included in binary 
logistic regression analysis (p < 0.25). The results of 
the binary logistic regression are shown in Table II. 
There were no independent factors associated with 
prolonged LOS in this study. All independent factors 
had p  0.05 (D-dimer p = 0.188; Age p = 0.138; 
Diabetes mellitus p = 0.172; NLR p = 0.859; Platelet 
count p = 0.097).

Discussion
This cross-sectional study analysed baseline 
characteristics and the association between potential 
risk factors with prolonged LOS in COVID-19 patients 
at Universitas Sebelas Maret Hospital, Sukoharjo, 
Indonesia. We found the median of D-dimer levels in 
104 COVID-19 patients was higher than the normal 
range (759.39 ng/ml), while the normal range is 
<500 ng/ml (Soni et al., 2020). Similar result was 
found from a retrospective study in China, where the 
median of D-dimer was 800 ng/ml (Yu et al., 2020). 
Patients with prolonged LOS tend to have higher 
D-dimer levels. Several studies showed COVID-19-
driven pro-inflammatory state and hypoxia (Cidade 
et al., 2022). This condition leads to hyperactive 
coagulation and complement system followed by 
an increase in the fibrinolysis process in COVID-19 
patients, resulting in an increase of plasmin activity. 
Increased plasmin activity will cause a significant 
increase in D-dimer levels (Kasinathan & Sathar, 
2020; Page & Ariëns, 2021). Higher D-dimer levels 
are linked to greater severity (Zhan et al., 2021b). 
As a result, we assumed that patients with greater 
severity would require more time to recover. 

The median LOS in this study was 13 days 
(IQR 9-17). Thus, LOS more than 13 days was 
considered as prolonged LOS. LOS was found 
to be heterogenic across the world. Previous 
retrospective cohort study at Guangzhou Eighth 
People’s Hospital reported higher median of LOS 
(18 days) compared to this study (Chen et al., 
2021). Nevertheless, several European countries 
have shorter median LOS (seven days) (Wise, 
2020). This difference might be due to difference  in 
strategies used to control COVID-19 infection (Thai 
et al., 2020). Hence, we assumed that LOS may 
vary around the world due to different criteria for 
patient discharge used by every country to control 
COVID-19 infections.

Previous study from South India showed that 

there was an association between D-dimer levels 
and LOS for COVID-19 patients (Thiruvengadam et 
al., 2021). However, our study clearly showed that 
D-dimer was not a good marker to predict prolonged 
LOS in COVID-19 survivors. A study from China 
also had a  similar result where the study examined 
risk factors during admission that affect LOS of 
COVID-19 and revealed there was no relationship 
between D-dimer levels and the prolonged LOS 
in COVID-19 patients (Guo et al., 2021). D-dimer 
levels are influenced by many factors such as 
female sex, increased age, neurologic immobility, 
and other factors (Kabrhel et al., 2010). Therefore, 
the D-dimer levels during admission may vary 
among patients (Soni et al., 2020). We suggested to 
not use  D-dimer as a single predictor for prolonged 
LOS. However, clinicians should be aware of the 
elevated D-dimer levels in COVID-19 since higher 
D-dimer levels are associated with greater severity 
and mortality in COVID-19 patients (Zhan et al., 
2021b).

Although we did not find significant association 
between age, NLR, patients with diabetes mellitus, 
platelet count and prolonged LOS, previous study 
reported that older age and NLR were associated 
with longer LOS (Chen et al., 2021; Zhao et 
al., 2016). Older age might be associated with 
decreased immune responses to control   viral 
replication (Busse & Mathur, 2010), An elevated 
NLR can indicate an increase in neutrophils, which 
may be associated with bacterial infections and 
worsening infections. Simultaneously, a decrease 
in lymphocyte count suggests a weakened immune 
function. NLR is considered to be a potential marker 
for assessing inflammation and the severity of 
various diseases, including infectious diseases like 
COVID-19 (Ye et al., 2020). A retrospective cohort 
study found   weak evidence of diabetes mellitus 
associated with longer LOS because diabetes 
mellitus might suppress immunological function (Wu 
et al., 2020). Patients with thrombocytopenia were 
associated with increased LOS and mortality (Zhu 
et al., 2021). Further evidence is needed to explain 
the  association between platelet and LOS. Different 
results between this study and others  might be 
due to different  criteria for patient discharge  used 
by every country in order to control COVID-19 
infections. 

This study’s findings have provided an updated 
major review of predictor prolonged LOS especially 
among COVID-19 survivors in Indonesia. We strictly 
chose our sample using the inclusion and exclusion 
criteria; therefore, making the result more reliable. 
However, this study has some limitations. First, 
this is a unicentral study hence making it lack of 
heterogeneity, and has low sample size. Second, 
we only used the first D-dimer examination. Thus, 
D-dimer levels may vary in every patient depending 
on their clinical condition. It is recommended to 
identify the correlation between serial D-dimer and 
LOS in hospitalised COVID-19 survivors.

Wijayanto, M. A., et al. (2023)
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Conclusion
D-dimer serum levels do  not accurately predict 
prolonged LOS in COVID-19 survivors. Therefore, 
we suggested D-dimer solely should not be 
used as a tool in order to predict a patient’s LOS. 
However, the presence of elevated D-dimer levels in 
COVID-19 should be highly noted by clinicians, as 
higher D-dimer levels have been linked to greater 
severity and mortality.
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