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Background. The COVID-19 pandemic was caused by the SARS-CoV-2 virus. Many studies have shown that D-dimer levels were elevated in
patients hospitalised for severe COVID-19, and that they served as a marker of poor prognosis with increased mortality in this subpopulation.
There is a paucity of data on the prognostic value of D-dimer levels during the COVID-19 pandemic in the African population.
Objectives. To investigate the relationship between elevated D-dimer levels on admission and in-hospital mortality associated with
COVID-19. The study also examined the sociodemographics of the study population, clinical characteristics, length of hospital stay and
outcomes, stratified by D-dimer levels.

Methods. A retrospective observational review of COVID-19 patients admitted via acute medical admissions at Livingstone Tertiary
Hospital, Ggeberha, South Africa, was conducted between 1 October 2020 and 30 September 2021, using the national COVID-19 hospital
surveillance (DATCOV) database. D-dimer levels that were measured within 48 hours of admission and patient outcomes (discharge and
in-hospital all-cause mortality) were analysed. Statistical significance was set at p<0.05.

Results. Of 423 patients with COVID-19, 267 (63.1%) had elevated D-dimer levels (>0.5 pg/mL) and 156 (36.9%) had normal D-dimer levels
(0.5 pg/mL). Of the 267 with elevated D-dimer levels, 113 (42.3%) died during their hospital stay, whereas of the 156 with normal D-dimer
levels, 38 (24.4%) died in hospital. D-dimer levels >1.1 ug/mL were associated with increased in-hospital all-cause mortality (odds ratio (OR)
2.717; p<0.001). Patients with D-dimer levels between 1.1 and 2 ug/mL were 2.3 times more likely to die in hospital compared with patients
who had a normal D-dimer level (OR 2.311; p=0.005), and patients with D-dimer levels >2.0 ug/mL were three times more likely to die in
hospital compared with patients with levels <0.5 ug/mL (OR 3.047; p<0.001). Apart from elevated D-dimer levels, age 270 years (OR 4.112;
p<0.001), the presence of at least one comorbidity (OR 3.638; p<0.001), and specifically hypertension as a comorbidity (OR 3.224; p<0.001),
were also found to be significantly associated with increased in-hospital COVID-19 mortality.

Conclusion. Elevated D-dimer levels on admission were associated with increased COVID-19 in-hospital all-cause mortality (OR 2.279;
p<0.001).
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Study synopsis

What the study adds. This study aimed to evaluate whether an elevated D-dimer level on admission was associated with in-hospital
mortality in COVID-19 patients in Africa, specifically in the Eastern Cape region of South Africa.

Implications of the findings. D-dimers may be a helpful biomarker in risk stratification of COVID-19 patients. The study may stimulate
further research and guidance in the management of future COVID-19 patients.

COVID-19 is a viral infectious disease caused by SARS-CoV-2, a novel
betacoronavirus that has had a substantial impact on humankind,!!
resulting in both morbidity and mortality. As of January 2022, there had
been over seven million deaths due to COVID-19 worldwide, of which
just over 100 000 were in South Africa (SA)."! A more comprehensive

measure of the total impact of the COVID-19 pandemic on deaths
is to look at excess deaths. According to the South African Medical
Research Council report for the week ending 21 May 2022, Eastern
Cape Province had the highest excess deaths, at 814 per 100 000
population.® Nationally, it is estimated that 85 - 95% of these excess
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natural deaths were attributable to COVID-19. The remaining 5 - 15%
were attributable to collateral damage due to health services being
overwhelmed during surges in the pandemic.”!

Several studies in America, Asia and Europe concluded that
D-dimer elevation was associated with severe disease and poorer
outcomes, including mortality.**) In SA, a prospective study by
Allwood et al.®! at Tygerberg Hospital in Cape Town found that
mortality of patients with COVID-19 admitted to the intensive care
unit was associated with elevated D-dimer levels and a low standard
bicarbonate (HCO3") level.

The D-dimer is a fibrin degradation product produced when plasmin
cleaves cross-linked fibrin during the breakdown of a clot."*!") For
D-dimers to be elevated, a clot must occur first. Elevated D-dimer levels
were a hallmark of severe COVID-19 infection. The spectrum of the
disease ranged from asymptomatic (World Health Organization (WHO)
stage 1) to mild or moderate illness (stage 2), severe multisystemic
inflammation (stage 3) and critical illness with endothelial damage
and thrombosis (stage 4).%'*"1 According to the WHO staging above,
thrombosis was associated with the most severe stage 4 disease. While
the pathophysiology of COVID-19 and the underlying mechanisms of
its clinical manifestations remain unclear, evidence has emerged that
an acquired prothrombotic state may have driven some complications
associated with the COVID-19 syndrome.!'*"!

Numerous studies indicate that individuals hospitalised with severe
COVID-19 often had elevated D-dimer levels, which may be linked
to a higher mortality rate among these patients and could have served
as a marker of poor prognosis. In a similar vein, this study aimed to
explore whether higher admission D-dimer levels were associated with
in-hospital mortality among COVID-19 patients in Africa, specifically
in the Eastern Cape region of SA. The study also examined the
sociodemographics of the study population, clinical characteristics,
length of hospital stay and outcomes, stratified by D-dimer levels. The
findings of this study will contribute to the existing body of knowledge
on this topic.

Methods

Study design and setting

The study was a retrospective, observational record review of
the first 423 consecutive COVID-19 acute medical admissions at
Livingstone Tertiary Hospital, Gqeberha, between 1 October 2020
and 30 September 2021, using the national COVID-19 hospital
surveillance (DATCOV) database. Livingstone Tertiary Hospital is a
512-bed facility that offers tertiary and regional healthcare services
in the western region of Eastern Cape. The study period straddles
the second and third waves of the COVID-19 pandemic in SA,
with infections caused by the SARS-CoV-2 Beta variant (November
2020 - February 2021) and Delta variant (May - September 2021),
respectively.!

Study population

All records of adults aged =18 years admitted via acute medical
admissions between 1 October 2020 and 30 September 2021 with
confirmed positive COVID-19 tests (polymerase chain reaction and/
or rapid antigen test) were reviewed (Fig. 1). They included patients
with a primary diagnosis of COVID-19 and those with incidental and
comorbid COVID-19 infections. Only patients with D-dimer level

results within 48 hours were included. The cut-off was set at 48 hours
because prolonged hospitalisation in itself can lead to elevated D-dimer
levels. Patients with untraceable or unrecorded results, as well as those
with conditions that may result in elevated D-dimer levels (such as
pregnancy, deep-vein thrombosis, pulmonary embolism, malignancy
and gunshot wounds), were also excluded from the study (Fig. 1).
The D-dimer levels were divided into four groups, 0 - 0.5 pg/mL,
0.6 - 1.0 ug/mL, 1.1 - 2.0 ug/mL and >2.0 ug/mL, and the number of
patients who survived to discharge was determined. Different groups
were necessary to compare our study with previous research that
divided D-dimer levels into twol'*!#! or three!"**! groups, as well as to
establish the D-dimer cut-off level above which the risk of mortality
increases. Odds ratios (ORs) for the groups with elevated D-dimer
levels were calculated relative to the group with normal D-dimer levels
(0.5 pg/mL). D-dimer levels were measured on a Sysmex CS-2500
coagulation analyser (Siemens, Germany) in the National Health
Laboratory Service laboratory at the hospital. The laboratory reference
range for a normal D-dimer value was 0 - 0.5 pg/mL.

Ethical considerations

Ethical clearance for the study was obtained from the Faculty of
Medicine and Health Sciences and the Biosafety Committee at
Walter Sisulu University, Mthatha (ref. no. 034/2022). The Eastern
Cape Department of Health and Livingstone Tertiary Hospital also
approved the research.

Data source and collection

The study was a retrospective, observational record review of the
national DATCOV database for COVID-19 patients admitted
to Livingstone Tertiary Hospital between 1 October 2020 and
30 September 2021. At the onset of the COVID pandemic, there
was no hospital surveillance system in place. The National Institute
for Communicable Diseases (NICD) developed a DATCOV system
for both public and private hospitals to report COVID cases. Our
hospital reported to DATCOV on a daily basis. The first consecutive
423 patients were analysed according to the inclusion and exclusion
criteria. Data collection sheets contained no patient identifiers, and
data were entered into a password-protected computer.

Statistical analysis

The sample was described using descriptive statistics and frequency
distributions. The study aimed to assess whether mortality
(dependent variable) was predicted by categories of D-dimer level
groups (independent variable) while controlling for specified
comorbidities (asthma, cancer, chronic obstructive pulmonary
disease, diabetes mellitus, HIV, hypertension and obesity). The
relationship between independent and dependent variables was
assessed using binary logistic regression. The likelihood of the
event (non-survival/death) occurring was determined based
on the independent variables. This method also allowed for the
determination of ORs for each significant independent variable.
ORs provide the likelihood (or odds) of a particular result (death)
given a specific level of an independent variable. Cross-tabulations
and x? association tests were used to determine the level of
association between categorical variables. The level of significance
was set at p<0.05.
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Results

Sociodemographics of the study population

The study population comprised 174 males (41.1%) and 249 females
(58.9%). Their ages ranged from 18 to 97 years, with a mean (standard
deviation) of 56.8 (14) years. Of the 423 patients, 186 (44%) were
aged 260 years. Of these, 135 (72.6%) had elevated D-dimer levels
(>0.5 pg/mL) and 51 (27.4%) had normal levels (<0.5 pug/mL). Of
the 81 patients aged >70 years, 68 (84.0%) had elevated D-dimer
levels and 13 (16.0%) had normal levels, and of the 237 patients aged
<60 years, 132 (55.7%) had elevated D-dimer levels and 105 (44.3%)
had normal levels.

Clinical characteristics of the patients

Patients with at least one comorbidity accounted for 54.8% (n=232)
of the patients available for final analysis, while those with no
comorbidities comprised 45.2% (n=191). Of the 232 patients with
comorbidities, 178 (76.7%) had hypertension and 105 (45.3%) had
diabetes mellitus.

Length of hospital stay
Hospital stay ranged from <24 hours to 78 days. The mean length

of stay was 7.01 days, with 30 patients (7.1%) having stayed in the
hospital for <24 hours, 56 (13.2%) for a day, 124 (29.3%) for 2 - 3
days, 98 (23.2%) for 4 - 7 days, and 109 (25.8%) for 8 - 28 days. Only
6 patients (1.4%) stayed beyond 28 days.

D-dimer levels

Fig. 2 shows that 36.9% of the patients (#=156) had normal
D-dimer levels (0 - 0.5 pg/mL), while 63.1% (1n=267) had elevated
levels. Of the groups with elevated D-dimer levels, the largest had
levels >2 pg/mL (n=105; 39.3% of the patients with elevated levels)
(Fig. 2).

Outcome
The outcomes for each D-dimer level group are summarised in Fig. 3.
Among patients with elevated D-dimer levels, mortality was highest
in those with D-dimer levels >2 ug/mL. Almost 50% of the patients
with D-dimer levels >2 ug/mL died, whereas 24.4% of the patients
with normal D-dimer levels died.

Of the 423 patients, 272 were discharged and 151 died, representing
64.3% and 35.7% of the cohort, respectively. The number of deaths in
the group with normal D-dimer levels (0 - 0.5 ug/mL) was 38 (24.4%).

Total records reviewed
N=721

Patients available for final analysis,

n=423

Excluded from the study:

No D-dimer results, n=262
D-dimer after 48 hours, n=3
No COVID-19 result confirmed, n=19
Re-admissions, n=10
Age <18 years, n=1
Prostate cancer, n=1
Deep-vein thrombosis, n=1

Gunshot, n=1

Fig. 1. Flow diagram showing systematic review of records and number of patients available for final analysis.
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Fig. 2. Proportion of patients in each D-dimer level group.
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Of the 267 patients with an elevated D-dimer level, 87 had a level of
0.6 - 1.0 pg/mL, of whom 58 (66.7%) were discharged and 29 33.3%)
died. Of the 75 patients with D-dimer levels of 1.1 - 2.0 pg/mL,
43 (57.3%) were discharged and 32 (42.6%) died, and of the 105
patients with a D-dimer level >2 pg/mL, 53 (50.5%) were discharged
and 52 (49.5%) died. Importantly, Fig. 4 shows a linear progression
of how elevation in the D-dimer level increased the chances of death
for each category.

Factors associated with mortality

Analysis of the sociodemographic characteristics showed that
mortality was highest in patients >70 years of age. Of the 81 (19.1%)
patients in this age group, 42 (51.9%) died and 39 (48.1%) were
discharged.

Of the 423 patients, 232 (54.8%) had at least one comorbidity. Of
these, 120 (28.4% of the total) were discharged, while 112 (26.5%)
died. Of the 191 patients with no comorbidities (45.2%), 152 (35.9%)
were discharged and 39 (9.2%) died.

Logistic regression
The binary logistic regression showed that patients aged 60 - 69 years
were 3.2 times more likely to have a death outcome compared with
patients aged <40 years (OR 3.215; p<0.003). The risk quadrupled
in patients aged >70 years compared with those aged <40 years (OR
4.112; p<0.001).

It was found that patients with at least one comorbidity were 3.6
times more likely to have a death outcome compared with patients
who did not have any comorbidities (OR 3.638; p<0.001).

N=423

Cases available for final analysis

D-dimer >0.5 pg/mL

D-dimer <0.5 pg/mL
n=156 (36.9%)

0.6 - 1.0 pg/mL
n=87 (32.6%)

Died

o
n=38 (24.4%) d

n=29 (33.3%)

n=267 (63.1%)

1.1-2.0 ug/mL
n=75 (28.1%)

>2.0 yg/mL
n=105 (39.3%)

Died
n=32 (42.6%)

Died
n=52 (49.5%)

Fig. 3. Flow diagram illustrating outcome according to D-dimer level group.
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Fig. 4. Outcome according to D-dimer level group.
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With regard to individual comorbidities, patients with hypertension
were 3.2 times more likely to have a death outcome compared with
patients who did not have hypertension (OR 3.224; p<0.001).

D-dimer levels and mortality
The D-dimer groups were re-coded into two summarised categories:
normal D-dimer level (0 - 0.5 ug/mL) and elevated D-dimer level
(>0.5 ug/mL). It was found that patients with elevated D-dimer levels
were 2.2 times more likely to have a death outcome compared with
patients who had normal D-dimer levels (OR 2.279; p<0.001).

Table 1 shows that the likelihood of dying of COVID-19 increased
with an increase in D-dimer levels.

Discussion

The results of this study conducted in Eastern Cape, SA, were similar
to international studies demonstrating that patients with elevated
D-dimer levels had a significantly higher risk of death compared with
those with normal D-dimer levels, and that elevated D-dimer levels can
effectively predict in-hospital mortality in patients with COVID-19.
11821 Patients with D-dimer levels >0.5 pg/mL were 2.3 times more
likely to die than those with normal levels (OR 2.279; p<0.001). This
increase becomes even more significant for D-dimer levels >2 pg/mL
(four times the upper limit of normal), as the likelihood of death rises
to three times that of individuals with normal levels (crude OR 3.047,
adjusted OR 2.836; p<0.001). The rise occurs because COVID-19 is
associated with a hypercoagulable state, microthrombi and endothelial
injury, which increase D-dimer levels, particularly in patients in WHO
classes 3 and 4. D-dimers serve as an indicator of fibrin degradation,
which is pertinent to both venous thromboembolism and the systemic
inflammatory response observed in severe COVID-19.

The study also demonstrated that D-dimer levels are often elevated in
individuals with COVID-19 and that levels >1.1 pg/mL were the strongest
predictor of in-hospital mortality related to COVID-19 infection. This
observation aligns with findings from various international and local
studies. Chilimuri et al™l reported similar findings, with admission
D-dimer levels >1 ug/mL effectively predicting death outcomes (OR
3.16; 95% confidence interval (CI) 1.75 - 5.73; p<0.0001). The D-dimer
level above which mortality increases could have been determined using
D-dimer as a continuous variable. However, most studies in the literature
have used categorical values,*'®!* hence our selection of D-dimer level
categories.

A prospective study in SA by Allwood et al.”) also concluded that
elevated D-dimer levels were associated with an increased risk of
death (hazard ratio (HR) 1.05; 95% CI 1.00 - 1.11) and that D-dimer
levels were higher among patients who died compared with those who
survived (median (interquartile range) 1.51 (0.65 - 4.86) ug/mLv. 0.41
(0.24 - 0.95) pg/mL; p<0.001). Whereas Allwood et al.”! compared the

number of people who died with elevated D-dimer levels (HR) with
those with normal D-dimer levels, our study demonstrated the odds
of dying in hospital for patients with elevated D-dimer levels (OR).
Adjusted ORs were used to provide a more precise evaluation of the
relationship between D-dimer level and in-hospital mortality, while
controlling for other potential confounders.

Besides elevated D-dimers, the following factors were significant
predictors of in-hospital all-cause mortality: increasing age, at least
one comorbidity, and hypertension, all of which were independent
of D-dimer level. International studies, such as a study in the USA,!
had similar findings.

Study limitations

The nature of this study, which was retrospective and conducted at
a single centre, may introduce selection bias. Although all eligible
patients were included, some were excluded owing to lack of D-dimer
results at the time of admission. There were various reasons for
unavailability of D-dimer results, including ‘it was not done) ‘the
wrong tube was used, ‘underfilled, ‘clotted blood, ‘no date on the
specimen;, and ‘too old’ Attempts were made to address some of
these challenges by including specimens taken up to 48 hours after
arrival. Obesity may have been under-reported, as most patients
were likely to have been too unwell to stand for weight and height
measurements. Furthermore, staff may have been overwhelmed by
the massive influx of patients, resulting in the omission of weight and
height measurements, even for those who were able to stand. Another
limitation is that only the D-dimer level was examined in this study,
while many factors can influence mortality, including the severity
of illness, treatments received, and the time taken to seek medical
attention. Furthermore, normal D-dimer levels tend to increase with
age. Using adjusted ORs aimed to address this limitation by assessing
the relationship between D-dimers and COVID-19 mortality while
controlling for all other factors.

Conclusion
Elevated D-dimer levels on admission were associated with increased
in-hospital all-cause mortality from COVID-19. The findings of this
article are especially significant in resource-limited settings, as they
suggest that resource allocation during the COVID-19 pandemic could
depend on a relatively simple blood test, specifically the D-dimer. The
research should probably be extended to other respiratory pathogens,
as the number of COVID-19 infections has dramatically decreased
worldwide. Nonetheless, the article has value, particularly in view of
the paucity of local African research information.

Finally, COVID-19 patients with comorbidities, especially
hypertension, should be prioritised for intensive treatment, as they
tend to have a poorer prognosis.

Table 1. Elevated D-dimer level groups with crude and adjusted ORs

D-dimer level group (ug/mL) Crude OR (95% CI) Adjusted OR (95% CI) p-value
0.6-1.0 1.553 (0.872 - 2.763) 1.369 (0.743 - 2.521) 0.313
11 =200 2.311 (1.287 - 4.151) 2.302 (1.230 - 4.307) 0.009
>2.0 3.047 (1.795 - 5.172) 2.836 (1.616 - 4.976) <0.001

OR = odds ratio; CI = confidence interval.
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