
O R I G I N A L  R E S E A R C H

The Association Between Rhabdomyolysis, Acute 
Kidney Injury, Renal Replacement Therapy, and 
Mortality

This article was published in the following Dove Press journal: 
Clinical Epidemiology

Finn Erland Nielsen 1,2 

Johan Joakim Cordtz1 

Thomas Bøjer Rasmussen3 

Christian Fynbo Christiansen 3

1Department of Emergency Medicine, 
Slagelse Hospital, Slagelse DK-4200, 
Denmark; 2Department of Emergency 
Medicine, Bispebjerg and Frederiksberg 
Hospital, Copenhagen DK-2400 NV, 
Denmark; 3Department of Clinical 
Epidemiology, Aarhus University Hospital, 
Aarhus N 8200, Denmark 

Background: We examined the association between creatine phosphokinase level in rhab
domyolysis patients and risk of acute kidney injury, renal replacement therapy, and death 
within 30 days.
Methods: The cohort included patients admitted with rhabdomyolysis from November 1, 2011 
to March 1, 2014. Rhabdomyolysis was defined as a creatine phosphokinase level higher than 
1000 U/L. Information on laboratory variables was obtained from a laboratory database. Medical 
data were obtained from registries. Acute kidney injury was defined according to the Kidney 
Disease Improving Global Outcome (KDIGO) guidelines. The 30-day risk of outcomes was 
estimated using the cumulative incidence method. Spline regression applied to imputed datasets 
with adjustment for baseline variables was used to assess the appropriateness of the categoriza
tion chosen for creatine phosphokinase (1000–5000 U/L, 5001–15,000 U/L, and 15,000+ U/L).
Results: The study included 1027 patients (58.2% male) with a median age of 73.5 years. The 
median creatine phosphokinase level at rhabdomyolysis diagnosis was 2257 U/L (interquartile 
range=1404–3961 U/L). The 30-day risks of acute kidney injury according to the three creatinine 
phosphokinase levels were 42% (95% CI=38–45%), 44% (95% CI=36–52%), and 74% (95% 
CI=57–85%), respectively, and the risks of renal replacement therapy for the three levels were 3% 
(95% CI=2–5%), 4% (95% CI=2–7%), and 11% (3–23%), respectively. The 30-day risk of death 
was 17% (95% CI=14–20%), 16% (95% CI=11–22%), and 11% (95% CI=3–23%), respectively. 
With increasing creatine phosphokinase levels, the spline plots supported the increasing risk of 
acute kidney injury and renal replacement therapy, as well as a decreasing risk of death. However, 
the risk estimates for renal replacement therapy and death were imprecise.
Conclusion: Elevated initial creatine phosphokinase values were associated with an 
increased risk of acute kidney injury, while estimates of the risk of renal replacement therapy 
and death were imprecise.
Keywords: acute kidney injury, cohort study, mortality, renal replacement therapy, 
rhabdomyolysis, spline plots

Plain Language Summary
Rhabdomyolysis is a condition in which muscle damage leads to accumulation of toxic muscle 
substances in the blood. Serious complications include acute kidney injury and death. 
Diagnosis of rhabdomyolysis can be difficult, and a robust method of predicting the risk of 
complications is lacking.

In this study we examined a group of patients with elevated levels of the enzyme creatine 
phosphokinase in their blood. Increased amounts of this enzyme are released into the blood 
when there is muscle damage.
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We examined whether different blood levels of creatine 
phosphokinase are associated with an increased risk of kidney 
complications and death. We found an association between high 
levels of creatine phosphokinase and increased risk of acute 
kidney injury and the need for dialysis, but a lowered risk of 
death. We suggest that future research focus on developing 
kidney injury prediction models that include increased creatine 
phosphokinase levels as a key factor.

Introduction
Rhabdomyolysis (RM) is caused by a variety of diseases 
and disorders and has a wide range of symptoms, includ
ing acute kidney injury (AKI).1–7

The incidence of AKI among patients with RM has 
been difficult to ascertain due to a lack of accurate defini
tions for RM and AKI.6,8,9 Research to date suggests that 
the incidence ranges from 4.7% to 94% in both trauma- 
and nontrauma-induced RM.6,8 However, due to different 
clinical situations, settings, small sample sizes, and con
founding factors, precise estimates have been difficult to 
obtain.8 Consequently, further studies are needed to pro
vide estimates of the risk of AKI among RM patients and 
associated mortality, as well as to delineate the determi
nants of AKI. The purpose of the current study was to 
examine the risk of AKI, administration of renal 

replacement therapy (RRT) to patients with RM, and 
their mortality. Also, the study evaluated the association 
between initial levels of creatinine phosphokinase (CK) 
and 30-day risk of AKI, RRT, and mortality.

Methods
Study Design and Setting
We conducted this registry-based cohort study among 
patients admitted to any hospital in the Danish region of 
Zealand (approximately 830,000 inhabitants) during the 
period November 1, 2011 to March 1, 2014. We identified 
RM patients from a laboratory database covering all hos
pitals in the region.

Rhabdomyolysis Cohort
We identified all adult patients (aged 18 years or older) with 
a hospital admission and blood samples analyzed for CK, 
whose results were available in the laboratory database 
during the study period (Figure 1). All patients included in 
the study had CK levels >1000 U/L within 72 hours after an 
admission whose indication was compatible with an RM 
diagnosis (index admission).1,2,5,7 Patients with preexisting 
renal disease treated with RRT and patients with increased 
CK levels due to acute myocardial infarction were 

Figure 1 Flowchart of patients who met inclusion or exclusion criteria for the study.
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excluded. If a patient had multiple valid rhabdomyolysis 
diagnoses, only the first was included in the study.

The baseline creatinine level was defined as the mean 
of all outpatient results in the period from 365 days prior 
to the index hospitalization to 7 days before the index 
hospitalization. The date of the first CK value >1000 U/L 
registered within the first 3 days of hospitalization was 
defined as the index date.

We used the unique Danish civil registration number 
assigned to all Danish residents at birth or upon 

immigration to link individual patients to national health 
registries containing information on medical history, med
ical treatment, emigration, and date of death.10

Registries
Data on hospital history were obtained from the Danish 
National Registry of Patients (DNRP).11,12 Use of medications 
was determined from redeemed prescriptions in the year prior 
to the index hospitalization, as recorded in the Danish National 
Health Service Prescription Database.13 Information on vital 

Table 1 Baseline Characteristics in Relation to Initial Creatine Phosphokinase Level Among Patients with Rhabdomyolysis

1000–5000 (U/L) 
(N=828)

5001–15,000 (U/L) 
(N=161)

15,001+ (U/L) 
(N=38)

All Patients 
(N=1027)

Gender

Female; N (%) 358 (43.2) 62 (38.5) 9 (23.7) 429 (41.8)

Age; years; median (IQR) 74.0 (61.4–83.7) 71.6 (57.1–80.5) 64.2 (53.4–79.0) 73.5 (60.0–83.2)

Discharge diagnosis

Infectious diseases 111 (13.4) 37 (23.0) 5 (13.2) 153 (14.9)

Toxins (alcohol/medicine) 18 (2.2) 5 (3.1) 2 (5.3) 25 (2.4)
Endocrine disorders 62 (7.5) 12 (7.5) 6 (15.8) 80 (7.8)

Others 637 (77.0) 107 (66.5) 25 (65.8) 769 (74.9)

Surgery during index hospitalization, 

N (%)

241 (29.1) 47 (29.2) 12 (31.6) 300 (29.2)

CCI score, N (%)

0 319 (38.5) 57 (35.4) 20 (52.6) 396 (38.6)

1–2 327 (39.5) 63 (39.1) 12 (31.6) 402 (39.1)
3+ 182 (22.0) 41 (25.5) 6 (15.8) 229 (22.2)

Laboratory tests; median (IQR)
Creatinine (µmol/L)

Baselinea,b 83.8 (66.5–104.7) 80.0 (66.0–100.0) 73.3 (67.5–79.8) 81.3 (66.5–103.7)

Upon hospital arrival 89.0 (67.0–134.0) 100.5 (71.0–144.5) 131.5 (67.0–200.0) 91.0 (67.0–139.0)
Calcium (mmol/L)c 1.15 (1.08–1.20) 1.13 (1.04–1.19) 1.10 (1.02–1.13) 1.14 (1.07–1.20)

Bicarbonate (mmol/L)d 22.0 (18.0–25.0) 22.0 (18.0–25.0) 20.0 (18.0–24.0) 22.0 (18.0–25.0)

Potassium (mmol/L)e 3.8 (3.4–4.2) 3.8 (3.3–4.3) 3.9 (3.6–4.1) 3.8 (3.4–4.2)
INRf 1.0 (1.0–1.2) 1.1 (1.0–1.2) 1.1 (1.1–1.2) 1.0 (1.0–1.2)

Platelet count (x109/L)g 213 (166–270) 206 (148.5–254) 203 (151–254) 212 (161–267)

Medical treatment upon admission; 

N (%)

Diuretics 300 (36.2) 65 (40.4) 13 (34.2) 378 (36.8)
Metformin 63 (7.6) 10 (6.2) 1 (2.6) 74 (7.2)

Statins 215 (26.0) 43 (26.7) 8 (21.1) 266 (25.9)

ACE-I/AT2A 269 (32.5) 51 (31.7) 10 (26.3) 330 (22.4)
NSAID 182 (22.0) 39 (24.2) 9 (23.7) 230 (29.8)

Acetaminophen 251 (30.3) 45 (28.0) 10 (26.3) 306 (29.8)

Notes: aThe median of all outpatient creatinine values measured during the 12 months before the index hospitalization. b55.3% missing. c38.0% missing. d39.5% missing. 
e4.2% missing. f11.6% missing. g9.9% missing. 
Abbreviations: ACE-I/AT2A, angiotensin-converting enzyme inhibitors/angiotensin-2 receptor antagonists; CCI, Charlson Comorbidity Index; INR, international normal
ized ratio; IQR, interquartile range; NSAID, non-steroidal anti-inflammatory drug.

Dovepress                                                                                                                                                         Nielsen et al

Clinical Epidemiology 2020:12                                                                                               submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
991

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


status and date of death was obtained from the Danish Civil 
Registration System (CRS).10

Acute Kidney Injury
Kidney Disease improving Global Outcome (KDIGO) 
guidelines were used to evaluate AKI.14 AKI was defined 
as an increase in serum creatinine (SCr) ≥26.5 µmol/L 
(0.3 mg/dL) from baseline or a greater than 1.5-fold 
increase from baseline.

Comorbidities
We obtained data from the DNRP to estimate comorbidity 
burden based on Charlson Comorbidity Index (CCI) 
scores. The CCI score was divided into three levels: low 
(score 0), moderate (scores 1–2), and high (score 3+).15

Statistical Analysis
For each outcome, we followed patients from the index 
date until diagnosis of a specific outcome, death, end of 
the study period, emigration, or end of the 30-day follow- 
up period, whichever came first.

We computed the 30-day risk of AKI (≥stage 1), RRT, 
and death according to three levels of CK (1000–5000 U/L; 
5001–15,000 U/L; and >15,000 U/L), using the cumulative 
incidence method, treating death as a competing risk for the 
AKI and RRT outcomes. For each outcome, spline regres
sion was applied to further assess the relationship between 
CK on a continuous scale and the outcomes of interest.

In each of the spline regressions, we adjusted for 
gender, age, CCI score, primary diagnosis at hospital dis
charge, surgery during the index admission, medication 
use (Table 1) up to 1 year prior to the index admission, 
and laboratory results for the baseline period and on the 
date of the index admission (Table 1). We included CK 
results using a restricted cubic spline with five knots 
placed at the 5, 27.5, 50, 72.5, and 95 percentiles of the 
index CK level, using the CK level of 3000 U/L as the 
reference.

We used multiple imputation with predictive mean 
matching to impute missing baseline values of laboratory 
tests (Table 1) in the regression analyses.16 Multiple 
imputation was done separately for each outcome spline 
regression using 100 imputed datasets. For the outcomes 
death and RRT, the imputation models included the fol
lowing variables: Initial CK level, gender, age, CCI 
score, surgery during index hospitalization (yes/no), pri
mary discharge diagnosis, medical treatment on admis
sion, laboratory test results, outcome event indicator, and 

Nelson-Aalen estimate of the cumulative baseline hazard 
at the time of event/censoring. When imputing laboratory 
test values for the analyses using AKI as an outcome, we 
did not include an event indicator or baseline cumulative 
hazard estimate in the models. The imputed baseline 
creatinine values were used to calculate a median base
line creatinine level, and this median value was used to 
define AKI outcomes.16

Analyses were performed using the statistical software 
package SAS, version 9.4 (SAS Institute, Inc., NC).

Results
Study Population
The study included 1027 patients aged 18 years or older, with 
a CK value >1000 U/L at hospital admission (Figure 1). The 
patients were 58.2% male with a median age of 73.5 years.

Baseline Characteristics
Baseline characteristics are shown in Table 1 according to 
CK level. The median CK level was 2257 U/L 
(IQR=1404–3961 U/L), with 828 (80.6%) patients having 
a CK value of 1000–5000 U/L, 161 (15.7%) having a CK 
value of 5001–15,000 U/L, and 38 (3.7%) having a CK 
value >15,001 U/L (Table 1).

Baseline creatinine results were available for 44.7% of 
the patients. Creatinine values measured upon hospital 
arrival increased as the level of CK increased (Table 1).

Risk of AKI, RRT, and Death
The 30-day risk of AKI according to CK level was 42% 
(95% CI=38–45%), 44% (36–52%), and 74% (95% 
CI=57–85%), respectively, and the risk of RRT was 3% 
(95% CI=2%-5%), 4% (95% CI=2–7%), and 11% (3–
23%), respectively (Table 2).

The 30-day risk of death was 17% (95% CI=14–20%), 
16% (95% CI=11–22%), and 11% (95% CI=3%-23%) 
according to the three CK levels, respectively (Table 2).

Spline Regression
The adjusted spline plots showed an association between 
CK level and the outcomes (Figure 2). The adjusted HRs 
of AKI and RRT increased while the HR of death 
decreased with increasing CK level.

Discussion
We found that a high initial CK level was associated with 
an increased risk of AKI. Increasing CK level was also 
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associated with increased risk of RRT, but decreased risk 
of death. However, the risk estimates of RRT and death 
were imprecise.

Our findings for the incidence (risk) of AKI are in the 
wide range found in other studies (from 4.7% to 
94%).2,6-9,17–23 This range can be explained by use of differ
ent definitions for AKI and RM and different cut-off points 
for CK categories. Also, the studies had different designs, 
settings, and sample sizes; included a range of comorbid 
conditions; and their participants had different causes of 
RM.8,24 In general, these study differences make their results 
difficult to compare. However, in one retrospective cohort 
study of 30-day outcomes that resembles our study (with 
AKI defined in accordance with the KDIGO criteria), AKI 
occurred in 38% of 400 RM patients with CK values >1000 
U/L.9 In our study, the 30-day risk of acute kidney injury 
according to the three creatinine phosphokinase levels was 
42% (95% CI=38–45%), 44% (36–52%), and 74% (95% 
CI=57–85%), respectively.

Whether CK is a prognostic factor for AKI remains 
controversial. While CK was found to have limited or 
no prognostic value in some studies,6,7,9,17-21 others 
found a low risk among patients whose CK level was 
less than 15,000–20,000 U/L.6 In a retrospective study 
of patients whose CK levels were in excess of 5000 U/ 
L, CK was independently associated with AKI.22 AKI 
has been observed among patients with CK values as 
low as 5000 U/L, but usually in the setting of coexisting 
conditions such as sepsis, dehydration, and acidosis.6 

A review and meta-analysis of the value of CK in 
predicting risk of RM-induced AKI identified 
a significant correlation between mean CK level and 
risk of crush-induced AKI.24

A study of a risk prediction score based on demo
graphic, clinical, and laboratory variables at hospital 
admission found that CK levels alone were not sufficiently 
predictive of AKI.21

Relatively few patients in our study developed a need 
for treatment with RRT. Although our results indicated that 
patients with the highest CK levels are at increased risk of 
RRT, our estimates were imprecise and should be inter
preted with caution.

In the literature, reported mortality rates in RM patients 
have ranged from 3.4% to 59%.6,9,17,19,21,22 Differences in 
study populations, incidence of kidney complications, 

Table 2 Cumulative Incidence (Risk) of Acute Kidney Injury, 
Renal Replacement Therapy, and Death Within 30 Days by 
Initial Level of Creatine Phosphokinase (U/L) in 1027 Patients 
with Rhabdomyolysis

1000–5000 
(U/L) 
(N=828)

5001–15,000 
(U/L) 
(N=161)

15,001+ 
(U/L) 
(N=38)

Outcome (95% CI)

AKI (n=454) 42% (38–45) 44% (36–52) 74% (57–85)

RRT (n=37) 3% (2–5) 4% (2–7) 11% (3–23)

Death (n=168) 17% (14–20) 16% (11–22) 11% (3–23)

Abbreviations: AKI, acute kidney injury; CI, confidence interval; RRT, renal 
replacement therapy.

Figure 2 Restricted cubic spline plots of the association among creatine phospho
kinase with acute kidney injury, renal replacement therapy, and death. Adjusted for 
gender, age, Charlson Comorbidlty Score, primary diagnosis at hospital discharge, 
surgery during the index admission, medication use up to 1 year prior to the index 
admission, and laboratory results for the baseline period and on the date of the 
index admission. Solid lines denote the hazard ratios. Dashed lines denote con
fidence intervals.  
Abbreviations: AKI, acute kidney injury; CK, creatine phosphokinase; RRT, renal 
replacement therapy.
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coexisting comorbidities, triggering causes of RM, and 
follow-up time largely can explain this wide variation. 
Our results confirmed a study that found that CK was 
not associated with increased mortality.19

Strengths and Limitations
The method we used to identify RM patients ensured inclu
sion of a relatively large number of patients during a short 
period of hospital admissions, although the number of some 
of the outcomes is limited. It is fair to assume that CK 
values were measured among all hospitalized RM patients 
in the region, and thus that our study may be representative 
of RM patients. However, it remains possible that severely 
injured patients with RM were transferred directly to highly 
specialized trauma centers outside our region.

Another concern is our lack of accurate information on 
the causes for RM and the triggering mechanism involved 
in its pathophysiology. Depending on the severity of RM, 
these unknowns could affect prognosis.

We also lacked data on treatment of RM patients dur
ing hospitalization. Since early fluid resuscitation can 
reduce the risk of AKI,25 the time elapsed before RM 
detection, and delayed or insufficient treatment could 
have affected the outcome.

As well, we used the first value of CK >1000 U/L as the 
index value of CK. It is possible that the maximum CK value 
during hospitalization would be more relevant. However, 
when we reanalyzed our data using maximum CK values, 
the relation between CK and outcomes did not change.

Lack of information on urine output may also be 
a limitation in our study. Alteration in urine flow has 
been shown to be a sensitive marker of AKI patients.26

Unmeasured confounding may also explain the finding 
of lower risk of death among patients in the group with 
highest CK-level. Younger men with low comorbidity 
score were more prominent in that group of patients. We 
do not have access to data on specific injuries (eg, exces
sive physical training) before admission and other relevant 
clinical information on health status, level of wellness, 
physical training habits, and socio-economic status with 
potential impact on survival. One may suggest that the 
group of patients with the highest level of CK values 
consisted of persons with some of these unmeasured base
line characteristics which may be associated with lower 
risk of death.

Finally, the numbers of outcomes were low. A larger 
sample size and more outcomes could have made our 
estimates more robust.

Implications
We found that CK is a risk factor for AKI, a common 
complication of RM. In future studies that develop and test 
risk prediction models, CK should be included as an 
important factor in the prediction models. This could be 
helpful in identifying high-risk patients needing early 
intervention to prevent renal dysfunction.

Conclusion
Elevated initial creatine phosphokinase values were asso
ciated with an increased risk of acute kidney injury, while 
estimates of the risk of renal replacement therapy and 
death were imprecise.

Abbreviations
ACE-1, angiotensin-converting-enzyme inhibitor; AKI, 
acute kidney injury; AT2A, angiotensin 2 receptor antago
nist; CI, confidence interval; CK, creatine phosphokinase; 
CCI, Charlson Comorbidity Index; CRS, civil registration 
system; DNRP, Danish National Registry of Patients; INR, 
international normalized ratio; IQR, interquartile range; 
KDIGO, Kidney Disease: Improving Global Outcomes; 
NSAID, non-steroidal anti-inflammatory drug; RM, rhab
domyolysis; RRT, renal replacement therapy; Scr, serum 
creatinine.
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