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ABSTRACT

Background and aims: Creatine kinase (CK), a marker of muscle damage, is potentially associated with a
more severe COVID-19. In this systematic review and meta-analysis, we aim to evaluate the association
between the elevated CK and severity and mortality in COVID-19.
Methods: We performed a systematic literature search on PubMed, Scopus, and Embase up until January
26, 2020. The main outcome was poor outcome, a composite of mortality and severe COVID-19.
Results: There are 2471 patients from 14 studies included in this systematic review and meta-analysis.
The incidence of elevated CK in this pooled analysis was 17% (11%, 22%) and the incidence of poor
outcome in this pooled analysis was 27% (19%, 34%). Elevated CK was associated with poor outcome in
patients with COVID-19 (OR 3.01 [2.21, 4.10], p < 0.001; I%: 10.2%). The effect estimate did not vary with
age (p = 0.610), male (p = 0.449), hypertension (p = 0.490), and diabetes (p = 0.457). Elevated CK has a
sensitivity of 0.24 (0.17, 0.32), specificity of 0.91 (0.86, 0.94), PLR of 2.6 (1.9, 3.7), NLR of 0.84 (0.78, 0.90),
DOR of 3 (2, 5), and AUC of 0.62 (0.57, 0.66) for predicting poor outcome in patients with COVID-19. In
this pooled analysis, elevated CK confers to a 49% probability for poor outcome and a non-elevated CK
confers to a 24% probability. Subgroup analysis and univariate meta-regression indicates that the
sensitivity and specificity does not vary with age, male, hypertension, and diabetes.
Conclusion: Elevated CK was associated with increased mortality and severity in patients with COVID-19.
PROSPERO: CRD42021233435.

© 2021 Published by Elsevier Ltd on behalf of Diabetes India.

1. Introduction

given the limitations of human and medical resources.
Several inflammatory markers, including D-dimer, procalcito-

More than a year since the coronavirus disease 2019 (COVID-19)
was first discovered in Wuhan (China), the pandemic has infected
nearly 100 million people [1]. The clinical features of patients range
from asymptomatic to fatal. Those with a severe course of disease
may develop acute respiratory syndrome (ARDS) with respiratory
failure, heart failure, coagulopathy, sepsis, and multiorgan failure,
requiring close care in the intensive care unit and mechanical
ventilation [2]. the sorting of patients must be decided carefully
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nin, ferritin, and C-reactive protein, frequently elevated with
increasing disease severity [3]. Creatine kinase (CK), which is a
marker of muscle damage, was also often found to be elevated in
deceased patients and those with severe disease [4,5]. Therefore,
higher CK could be used as a prognostic marker to indicate more
severe clinical picture of COVID-19. In this systematic review and
meta-analysis, we aim to evaluate the association between the
elevated CK and severity and mortality in COVID-19.
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2. Material and methods

This is a Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines compliant meta-analysis. This
study is registered in PROSPERO (ID: CRD42021233435).

2.1. Eligibility criteria

The inclusion criteria were: 1) retrospective and prospective
observational studies 2) reporting COVID-19 patients 3) elevated
and non-elevated CK and 2) mortality/severe COVID-19/need for
intensive unit care (ICU)/invasive mechanical ventilation (IMV).

Studies were excluded if it fulfils one of the following criteria: 1)
preprints, 2) conference abstracts, 3) case reports, 4) abstract-only
publication, 5) review articles.

2.2. Search strategy and study selection

We performed a systematic literature search on PubMed, Sco-
pus, and Embase with keywords “SARS-CoV-2” OR “2019-nCoV”
OR”COVID-19” AND “creatine kinase” up until January 26, 2020.
Duplicates were then removed and the title/abstracts were
screened by two independent authors. Discrepancies in this process
were resolved by discussion.

2.3. Data extraction

Data extraction of the included studies were performed by two
authors independently. The data of interest includes the author,
design of the study, baseline characteristics, cut-off for elevated CK,
and the outcome of interest.

The key exposure was elevated CK, defined as elevation of CK
beyond cut-off point reported in each studies. The main outcome
was poor outcome, a composite of mortality and severe COVID-19.
Severe COVID-19 was defined as patients with COVID-19 who fulfill
the criteria for severe CAP or the need for ICU care or IMV. The
effect estimate was odds ratio (OR). Sensitivity, specificity, positive
and negative likelihood ratio (PLR & NLR), diagnostic odds ratio
(DOR), and area under curve (AUC) analysis were performed.

2.4. Risk of bias assessment

We performed risk of bias assessment using the Newcastle-
Ottawa Scale (NOS), this was performed by two independent au-
thors and discrepancies were resolved by discussion.

2.5. Statistical analysis

Prevalence was pooled using the meta-analysis of proportion.
DerSimonian-Laird method was selected to perform random-
effects meta-analysis to generate OR and its 95% Cl. A p-value
<0.05 was considered as significant. I-squared (1) and Cochran Q
test were performed to evaluate heterogeneity, a value of <50% or
p < 0.10 indicates substantial heterogeneity. Sensitivity, specificity,
PLR, NLR, DOR, and AUC were generated to evaluate the prognostic
value. To assess small-study effects and publication bias, deek’s
funnel-plot analysis and Deek’s asymmetry test were performed.
REML meta-regression was performed for the main outcome, using
baseline characteristics as moderator. STATA 16 (Stata Corp) was
used to perform meta-analysis.

3. Results

There are 2471 patients from 14 studies included in this sys-
tematic review and meta-analysis (Fig. 1) [6—19]. The baseline
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characteristics of the included studies can be accessed in Table 1.
The incidence of elevated CK in this pooled analysis was 17% (11%,
22%) and the incidence of poor outcome in this pooled analysis was
27% (19%, 34%).

Elevated CK was associated with poor outcome in patients with
COVID-19 (OR 3.01 [2.21, 4.10], p < 0.001; I>: 10.2%, p = 0.341)
[Fig. 2]. The effect estimate did not vary with age (p = 0.610), male
(p = 0.449), hypertension (p = 0.490), and diabetes (p = 0.457).
Elevated CK has a sensitivity of 0.24 (0.17, 0.32), specificity of 0.91
(0.86,0.94), PLR 0f 2.6 (1.9, 3.7), NLR 0f 0.84 (0.78,0.90), DOR of 3 (2,
5), and AUC of 0.62 (0.57, 0.66) [Fig. 3] for predicting poor outcome
in patients with COVID-19. Fagan’s nomogram indicated that in this
pooled analysis, elevated CK confers to a 49% post-test probability
for poor outcome and a non-elevated CK confers to a 24% post-test
probability for poor outcome [Fig. 4]. There is no indication of
publication bias in the Deek’s funnel plot [Fig. 5] and asymmetry
test (p = 0.21). Subgroup analysis and univariate meta-regression
indicates that the sensitivity and specificity does not vary with
age, male, hypertension, and diabetes [Fig. 6].

4. Discussion

This meta-analysis indicates that elevated CK was associated
with increased poor outcome with a sensitivity of 24% and speci-
ficity of 91%. Thus elevated CK is best used as a rule-in test rather
than rule-out test.

Several parameters and comorbidities may affect the prognosis
in patients with COVID-19 [20—24]. Meta-regression analysis
showed that the association between elevated CK and poor
outcome was not affected by age, male, hypertension, and diabetes.
Although it is important to evaluate chronic kidney disease and
cardiovascular disease as variables, there are insufficiently reported
to enable meta-regression analysis.

The majority of symptomatic patients present with respiratory
tract symptoms or related complications. They tend to present as a
viral pneumonia with fever, cough, fatigue, dyspnoea, and some-
times complaint musculoskeletal or neurological symptoms such as
headache, muscle pain, joint aches, and smell impairment [4,5].
However, a study [25] reported myalgia as the initial presentation
in 22% of cases. One study [25] found that skeletal muscle pain and
increased serum CK (>200 U/L) were significantly more common in
severe cases [26], while another study [27] reported a higher
prevalence of muscle pain in milder cases.

Rhabdomyolysis, a syndrome characterized by muscle weak-
ness, pain, and red coloured urine, is a possible but rare compli-
cation in COVID-19 patients. CK and troponin, enzymes located in
the muscle tissue, will rise sharply due skeletal muscle damage and
necrosis in rhabdomyolysis [28]. Therefore, patients with severe
muscle damage may experience multiorgan dysfunction, including
more severe kidney and liver abnormalities [26]. Urgent and
aggressive fluid challenge and management of electrolyte imbal-
ances are crucial in preventing progression to acute renal failure
and severe metabolic abnormalities. However, there are no pro-
tocols that recommend extensive fluid resuscitation in the early
stage of COVID-19 treatment [5].

The new coronavirus may possibly cause viral myositis, as seen
previously in other coronavirus infections, such as severe acute
respiratory syndrome (SARS), and other influenza infections
(influenza A and B) [29]. It is understood that the novel coronavirus
(2019-nCoV or SARS-CoV-2) uses angiotensin converting enzyme 2
(ACE-2) receptor to enter human respiratory cells and cause
infection. Due to its presence in various tissues, it is possible that
the virus directly invades the skeletal muscle and nervous system
via the same pathway. The Immune-mediated pathway might also
contribute to cause muscle injury in COVID-19 patients. Moreover,
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Fig. 1. PRISMA flowchart.

Table 1
Baseline characteristic of the included studies.

First Author Design Cut-off (U/L) Samples Age Male HT (%) DM (%) CKD (%) CVD (%) CLD (%) Outcome NOS
Giacomelli 2020 [12] PC NR 104 NR 30.9 NR NR NR NR NR Mortality 7
Guan 2020 [7] RC 200 657 47 58.1 15 7.4 0.7 NR 1.1 Severe 6
Hong 2020 [8] RC NR 98 55.4 38.8 30.6 9.2 NR 2 3.1 ICU 6
Huang 2020 [6] RC 185 40 49 73 15 20 NR 15 2 ICU 6
Jang 2020 [19] RC 145 110 56.9 43.6 33.6 26.4 NR 9.1 3.6 Severe 8
Jiang 2020 [18] RC 185 59 64 49 42 15 NR 44 3 ICU 6
Mertoglu 2020 [17] RC NR 377 49 57.5 NR NR NR NR NR ICU 8
Wan 2020 [16] RC 200 135 47 53.3 9.6 8.9 NR 5.2 NR Severe 6
Wang 2020 [11] RC NR 252 49 46.5 19.6 6.2 1.5 NR NR Severe 7
Wei 2020 [10] RC 200 81 51 56.2 17 5.1 NR NR 25 Severe 7
Zhang 2020 [15] RC 200 138 57 50.7 30 12.1 14 NR 14 Severe 7
Zhao 2020 [14] RC NR 91 46 53.8 19.8 33 1.1 NR 1.1 Severe 7
Zheng 2020 [9] RC 190 161 45 49.7 13.7 43 NR NR 3.7 Severe 6
Zhou 2020 [13] RC 185 168 56 62 30 19 1 NR 3 Mortality 8

CKD: Chronic Kidney Disease, CVD: Cardiovascular Disease, CLD: Chronic Lung Disease, HT: Hypertension, RC: Retrospective Cohort, NOS: Newcastle-Ottawa Scale, NR: Not

Reported.

muscle atrophy due to disuse and/or critical illness myopathy and/
or polyneuropathy may occur and cause weakness in critically ill
patients [4]. In addition, dehydration and hypovolaemia in COVID-
19 patients may contribute to renal impairment and subsequent
increase in CK levels [30]. It is therefore plausible to suggest CK
monitoring in COVID-19 patients, especially when they complain of
muscle pain and weakness.

Whether the increase in CK levels is caused by viral myositis,
immune hyperactivation, toxic effect of cytokines, or other mecha-
nisms is unclear. Electromyography (EMG), muscle imaging, and
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muscle histopathology are rarely performed in COVID-19 cases,
let alone carrying out a PCR test for detection of SARS-CoV-2 in
muscle tissue. A muscle-biopsy specimen of a patient [31] with
COVID-19 and myopathy shows evidence of virus-induced type 1
interferonopathy. The specimen revealed mild perivascular inflam-
matory infiltration in a few vessels without regenerating or necrotic
fibers or perifascicular atrophy. Immunohistochemical analysis did
not detect SARS-CoV-2 in the muscle, but showcased abnormal
expression of major-histocompatibility-complex class I antigen on
sarcoplasm and sarcolemma and abnormal presence of myxovirus
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Elevated CK and Poor Outcome
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Fig. 2. Elevated CK and poor outcome. Forest plot demonstrating that elevated CK was associated with poor outcome. CK: Creatine Kinase.

SROC with Prediction & Confidence Contours

o
[6)]
|

Sensitivity

Observed Data

Summary Operating Point
SENS =0.24 [0.17 - 0.32]
SPEC =0.91[0.86 - 0.94]
SROC Curve

AUC =0.62 [0.57 - 0.66]

95% Confidence Contour

95% Prediction Contour

1I
0.5
Specificity

0.0

Fig. 3. Summary receiver operating characteristic of elevated CK. CK: Creatine Kinase.

resistance protein A on muscle fibers and capillaries. This type I
interferon-inducible protein is released in response to viral in-
fections, including SARS-CoV-2, and its deposition is an early sign of
dermatomyositis, followed by characteristic perifascicular atrophy.

Another report of COVID-19 patient [29] with myalgia, proximal
weakness (limb, bulbar, and fascial muscles), increased serum CK,
and muscle edema on MRI. Diagnosed with myositis and myas-
thenia gravis, the muscle biopsy demonstrated perivascular
inflammation with endomysial extension, regenerating fibers, and
upregulation of HLA Class ABC expression on non-necrotic fibers.
Histochemiscally, the enzyme cytochrome oxidase/succinic dehy-
drogenase were unremarkable. On electron microscopy, vacuolar
change and curvilinear bodies indicating hydroxychloroquine were
absent.

4.1. Clinical implications

Elevated CK signifies poor prognosis in patients with COVID-19,
however, due to low sensitivity; it cannot be used to rule out poor
prognosis. Thus, elevated CK is better combined with other vari-
ables to form a prediction model rather than used alone.

4.2. Limitations

There is a possibility of publication bias in which only positive
studies are being published. There is also slight variation in cut-off
points. Some of important variables such as cardiovascular diseases
and chronic kidney disease cannot be assessed due to insufficient
reporting. Finally, most of the studies were retrospective in nature,
and is more prone to bias.

5. Conclusion
Elevated CK was associated with increased mortality and

severity in patients with COVID-19.
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AUC Area Under Curve
CK Creatine Kinase
DOR Diagnostic Odds Ratio
OR Odds Ratio
PLR Positive Likelihood Ratio
NLR Negative Likelihood Ratio
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Univariable Meta-regression & Subgroup Analyses
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Fig. 6. Univariate meta-regression analysis and subgroup analyses for age, gender,
hypertension, and diabetes.
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