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Abstract: Urinary creatinine excretion rate (CER) is an established marker of muscle mass. Low CER has 
been linked to poor coronary artery disease outcomes, but a link between CER and acute stroke prognosis 
has not been previously explored. We prospectively collected data from patients with acute stroke (ischemic 
or hemorrhagic) within 24 hours from symptom onset in a Neurological and Neurosurgery Intensive Care 
Unit in Taiwan. Baseline CER (mg/d) was calculated by urine creatinine concentration in morning spot urine multiplies 
24-hour urine volume on the second day of admission. Patients were divided into 3 tertiles with highest, middle, and 
lowest CER. Primary endpoint was poor outcome defined as modified Rankin Scale 3-6 at 6 months. Among 156 
critically ill acute stroke patients meeting study entry criteria, average age was 67.9 years, and 83 (53.2%) patients had 
ischemic stroke. Patients with lowest CER (vs. highest CER) had a high risk of poor outcome at 6-month after adjustment 
(odds ratio 4.96, 95% confidence interval 1.22 to 20.15, p value = 0.025). In conclusion, low baseline CER, a marker of 
muscle mass, was independently associated with poor 6-month outcome among critically ill acute stroke patients. We 
speculate that preservation of muscle mass through exercise or protein-energy supplement might be helpful for improving 
prognosis in severe stroke patients. 
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INTRODUCTION 

 Obesity is a surging epidemic worldwide. Although 
obesity is a known risk factor for primary cardiovascular 
events including stroke [1], its contribution to recurrent 
vascular risk [2] and prognoses following an acute vascular 
event remain controversial [3]. Indeed, several studies 
indicate that a so-called “obesity paradox” might exist 
because outcomes after an index vascular event (including 
stroke) appear to be better for obese patients compared to 
their lean counterparts [4]. 
 While several potential underlying mechanisms have 
been proposed for the obesity paradox, a major critique of 
data supporting the notion of such a paradox has been the 
use of body mass index (BMI) as the index of obesity. Since 
BMI does not differentiate body composition into muscle, 
bone or adipose tissue, it is increasingly viewed as an 
inadequate measure of unhealthy body habitus. On the other 
hand, urinary creatinine excretion rate (CER) is an 
established marker of muscle mass [5]. Over 98% of 
endogenous creatinine comes from skeletal muscle, which is  
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then excreted into urine at a constant rate. Therefore, urinary 
CER is proportional to muscle mass, roughly 17-20 
kilograms of muscle per 1 gram of creatinine. [5] In fact, low 
CER is an independent predictor of cardiovascular disease 
and mortality in the general population [6], and has also been 
associated with higher all-cause mortality in patients with 
coronary artery disease [7]. 
 Little is known about the role of CER as a prognosticator 
in stroke patients. In this study, we aimed to assess the 
relationship of CER with outcome among critically ill acute 
stroke patients.  

METHODS 

Study Participants and Clinical Assessment 

 We prospectively collected data on consecutive patients 
with acute stroke within 24 hours from symptom onset and 
admitted to a Neurological and Neurosurgery Intensive Care 
Unit in a hospital in Taiwan from September 1, 2007 to 
August 31, 2010. Established hospital protocol criteria for 
admission to our Neurological and Neurosurgery Intensive 
Care Unit included hemodynamic instability, acute 
respiratory failure or intubation for airway protection, 
unstable neurologic status or Glasgow coma score (GCS) < 
11. Both ischemic stroke and hemorrhagic stroke types were  
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included, but subarachnoid hemorrhage and traumatic 
intracranial hemorrhage were excluded. Patients with end 
stage renal disease [defined as estimated glomerular filtration 
rate (eGFR) < 15 mL/min/1.73m2] or known impairment of 
functional status [defined as modified Rankin Scale (mRS) �
3] prior to the index stroke were also excluded. Patients who 
met our criteria were evaluated mRS at 6-month follow-up. 
 We collected baseline demographic for all patients, 
including age, sex, and medical history of hypertension, 
diabetes mellitus, atrial fibrillation and prior cerebrovascular 
disease. Systolic and diastolic blood pressure values were 
determined on admission. All patients received brain 
computerized tomography and/or magnetic resonance 
imaging for stroke subtypes evaluation. Neurological deficits 
were evaluated with the National Institute of Health Stroke 
Scale (NIHSS), and severity of the disease was evaluated 
with the Acute Physiology and Chronic Health Evaluation II 
(APACHE-II) score for each patient on admission. Weight 
and height were measured on admission with subjects in 
light clothes and without shoes. BMI was calculated as 
weight in kilograms divided by height in meters squared.  
 Serum creatinine was obtained during the Emergency 
Department encounter. eGFR was estimated by Chronic 
Kidney Disease Epidemiology Collaboration (CKD-EPI) 
equation adjusted for Asians [8]. Daily (24-hour) urine 
volume was recorded by nursing personnel since the 
admission time to Intensive Care Unit. Urine creatinine 
concentration was measured by spot morning urine on the 
second day after admission. CER (mg/day) was calculated as 
urine creatinine concentration multiplied by 24-hour urine 
volume. Blood glucose and albumin were obtained on the 
second day after admission. 
 The primary outcome measure was death or dependence, 
defined as a mRS of 3-6 at 6 month after stroke onset. 
Secondary outcome was death or disability, defined as a 
mRS of 2-6 at 6 month after stroke onset. Evaluators of 6-
month mRS were unaware of patients’ in-hospital CER 
results.  
 The study was performed under a protocol approved by 
the Institutional Review Board of Chang Gung Memorial 
Hospital, and all examinations were performed after 
obtaining written informed consent from the patients or 
appropriate family members. 

STATISTICAL ANALYSIS 

 Statistical analyses were performed using the Statistical 
Program for Social Sciences (SPSS) statistical software 
(version 18, Chicago, IL, USA). We divided all patients into 
3 tertiles with highest, middle and lowest CER. The 
differences between the three groups were analyzed by 
Kruskal-Wallis test for skewed variables, Analysis of 
Variance (ANOVA) for normally distributed variables, and 
Pearson’s Chi Square test for categorical variables. The 
patients’ characteristics according to outcome status were 
compared by Mann-Whitney U test for skewed variable, 
Student t-test for normally distributed variables, and 
Pearson’s Chi Square test for categorical variables. Variables 
with two-tailed p value less than 0.05 were considered to be  

statistically significant and were included in the regression 
model. Multivariate-adjusted odds ratios (OR) and 95% 
confidence intervals (CI) for the association of CER, using 
highest tertile as a reference, and 6-month outcome was 
calculated by a logistic regression analysis. The multivariate 
model included age, sex, baseline NIHSS score, APACHE-II 
score on admission, history of stroke, albumin and eGFR and 
classified CER. All p values were two-tailed and a p value < 
0.05 was considered statistically significant. 

RESULTS 

 Among 184 consecutive stroke patients during this period 
of time, 156 patients met study criteria. Overall, mean age 
was 67.9 (±13.3) years and 83 (53.2%) patients had ischemic 
stroke. Median baseline NIHSS score was 16 [interquartile 
range (IQR) 9-21], and median APACHE-II score on 
admission was 12 (IQR 9-15). Median urine CER was 
1312.4 mg/d (IQR 872.4-1892.1). BMI was obtained from 
103 patients, with 29 (28.2%) were overweight (defined as 
25 � BMI < 30) and 6 (5.8%) were obese (defined as BMI �
30). 
 The median CER in the 3 tertiles of highest, middle and 
lowest CER was 2297.7 mg/d, 1312.4 mg/d and 743.6 mg/d, 
respectively. A comparison of clinical characteristics in the 
three groups is shown in Table 1. Patients with the lowest 
CER were significantly older (p < 0.001), more often female 
(p < 0.001), and had lower BMI (p < 0.001) when compared 
with the patients with highest CER.  
 Also, high baseline NIHSS score, high APACHE-II 
score, prior stroke, low albumin, and low eGFR were 
associated with poor outcomes at 6 months. (Table 2). 
 In the multivariate logistic regression model, lowest 
CER, as compared to highest CER, was independently 
associated with higher possibility of death or dependence at 
6 month (92.3% vs. 73.1%, OR 4.96, 95% CI 1.22 to 20.15, 
p = 0.025) after adjustment. The result was similar when we 
used death or disability as the endpoint (Table 3). Middle 
CER, as compared to highest CER, showed no difference in 
the possibility of death or dependence at 6 month (75.0% vs. 
73.1%, OR 2.24, 95% CI 0.73 to 6.92, p = 0.160), but was 
associated with higher possibility of death or disability at 6 
months (88.5% vs. 78.8%, OR 5.74, 95% CI 1.40 to 23.63, p
= 0.015). 

DISCUSSION 

 In this study, we found that critically ill acute stroke 
patients in the lowest tertile of CER had greater odds of 
experiencing death or having severe disability at 6-months 
post-hospitalization, even after adjusting for confounders. 
Since CER is a marker of muscle mass, the results of this 
study suggest that low muscle mass may be an independent 
predictor of poor outcome after a severe acute stroke.  
 Some urine biomarkers have been used as 
prognosticators in cardiovascular and cerebrovascular disea-
ses [9-11]. For example, increased urine albumin and IgM 
excretion were supposed to reflect general vascular damage 
and had been linked to poorer functional outcome after stroke, 
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Table 1. Clinical characteristics of the critically-ill acute stroke patients by tertiles of urinary creatinine excretion rate.

CER Tertiles Highest (N=52) Middle (N=52) Lowest (N=52) p value 

Age, y, mean±SD 62.8±13.7 68.4±12.7 73.3±11.0 <0.001* 

Men, n (%) 43 (84.7) 32 (61.5) 21 (40.4) <0.001* 

Stroke subtype and clinical severity 

Ischemic Stroke, n (%) 26 (50.0) 31 (59.6) 26 (50.0) 0.525 

Baseline NIHSS, median (IQR) 16.5 (8-21) 14 (7-17.5) 17 (12-22) 0.021* 

APACHE-II score, mean±SD 12.1±5.1 11.2±4.4 13.8±5.1 0.022* 

Comorbidity, n (%) 

Prior Stroke 11 (21.2) 15 (28.8) 16 (30.8) 0.504 

Hypertension 36 (69.2) 33 (63.5) 41 (78.8) 0.221 

Diabetes 14 (26.9) 11 (21.2) 12 (23.1) 0.780 

Atrial fibrillation 4 (7.7) 5 (9.6) 8 (15.4) 0.424 

Physical and lab data at admission 

Systolic blood pressure at admission, mmHg, 
mean±SD 

184.6±35.8 173.0±38.1 175.1±33.5 0.215 

Diastolic blood pressure at admission, mmHg, 
mean±SD 

101.8±21.8 97.1±22.2 95.1±22.3 0.288 

Blood glucose, mg/dL, mean±SD 155.5±68.8 155.9±73.2 166.7±75.4 0.560 

Albumin, mg/dL, mean±SD 3.5±0.6 3.9±0.8 3.6±0.6 0.013* 

eGFR, mL/min/1.73m2, median (IQR) 62.3 (38.4-73.1) 57.0 (48.3-73.2) 58.4 (36.9-69.9) 0.527 

CER, mg/d, median (IQR) 2297.7 

(1872.9-3117.2) 

1312.4 

(1186.5-1459.6) 

743.6 

(551.5-892.7) 

<0.001* 

BMI, mean±SD (N=103) 25.2±3.8 24.9±3.6 21.8±2.8 <0.001* 

* p < 0.05 
Abbreviations: APACHE-II = Acute Physiology And. Chronic Health Evaluation II; BMI = body mass index; CER = creatinine excretion rate; eGFR = estimated glomerular filtration 
rate; IQR = interquartile range; NIHSS = National Institute of Health Stroke Scale; SD = standard deviation 

Table 2. Patient profile according to outcome status. 

 Death or Dependence (mRS 3-6) at 6 Months Death or Disability (mRS 2-6) at 6 Months 

Characteristics mRS 0-2 (N=31) mRS 3-6 (N=125) p Value mRS 0-1 (N=20) mRS 2-6 (N=136) p Value 

Age, y, mean±SD 65.7±12.2 68.5±13.5 0.291 64.1±13.5 68.5±13.2 0.170 

Men, n (%) 19 (61.3) 77 (61.6) 0.975 12 (60.0) 84 (61.8) 0.880 

Stroke subtype and clinical severity 

Ischemic Stroke, n (%) 19 (61.3) 64 (51.2) 0.314 12 (60.0) 71 (52.2) 0.514 

Baseline NIHSS, median (IQR) 8 (3-15) 17 (12-22) <0.001 7.5 (2.3-14.5) 16 (10.3-21) <0.001 

APACHE-II score, mean±SD 9.5±3.6 13.1±5.0 <0.001 9.0±3.1 12.8±5.0 0.001 
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Table 2. contd… 

 Death or Dependence (mRS 3-6) at 6 Months Death or Disability (mRS 2-6) at 6 Months 

Characteristics mRS 0-2 (N=31) mRS 3-6 (N=125) p Value mRS 0-1 (N=20) mRS 2-6 (N=136) p Value 

Comorbidity, n (%) 

Prior Stroke 3 (9.7) 39 (31.2) 0.016 2 (10.0) 40 (29.4) 0.068 

Hypertension 21 (67.7) 89 (71.2) 0.705 12 (60.0) 98 (72.1) 0.269 

Diabetes 4 (12.9) 33 (26.4) 0.114 3 (15.0) 34 (25.0) 0.409 

Atrial fibrillation 3 (9.7) 14 (11.2) 0.808 2 (10.0) 15 (11.0) 1.000 

Physical and lab data at admission 

Systolic blood pressure, mmHg, 
mean±SD 

177.8±28.8 177.5±37.6 0.966 183.4±29.7 176.7±36.8 0.445 

Diastolic blood pressure, mmHg, 
mean±SD 

97.0±15.4 98.3±23.5 0.778 101.0±14.0 97.6±23.1 0.519 

Blood glucose, mg/dL, mean±SD 147.8±72.7 162.2±72.2 0.321 145.3±38.3 161.4±75.9 0.354 

Albumin, mg/dL, mean±SD 4.0±0.8 3.6±0.6 0.008 4.1±1.0 3.6±0.6 0.011 

eGFR, mL/min/1.73m2, median 
(IQR)

65.6 (55.5-74.6) 56.6 (38.5-71.3) 0.031 63.6 (56.3-74.4) 57.0 (39.0-72.1) 0.075 

BMI, mean±SD (N=103) 24.9±3.7 23.6±3.7 0.203 25.3±2.9 23.6±3.8 0.177 

Abbreviations: APACHE-II = Acute Physiology And. Chronic Health Evaluation II; BMI = body mass index; CER = creatinine excretion rate; eGFR = estimated glomerular filtration 
rate; IQR = interquartile range; mRS = modified Rankin Scale; NIHSS = National Institute of Health Stroke Scale; SD = standard deviation 

Table 3. Association of urinary creatinine excretion rate with 6-month outcome in critically-ill acute stroke patients by multivariate 
regression model*. 

OR 95% CI P value

Death or dependence (mRS 3-6)

Highest CER 1.00 (reference)

Middle CER 2.24 0.73-6.92 0.160

Lowest CER 4.96 1.22-20.15 0.025�

Death or disability (mRS 2-6)

Highest CER 1.00 (reference) 

Middle CER 5.74 1.40-23.63 0.015

Lowest CER 5.00 1.02-24.46 0.047

*The multivariate model included classified CER, age, sex, baseline NIHSS score, APACHE-II score on admission, history of stroke, albumin and eGFR.  
Abbreviations: APACHE-II = Acute Physiology And. Chronic Health Evaluation II; CER = creatinine excretion rate; CI = confidence interval; eGFR = estimated glomerular filtration 
rate; mRS = modified Rankin Scale; OR = odds ratio 

higher stroke mortality and long-term cardiovascular 
complications [9-11]. On the other hand, urinary CER is an 
established urine biomarker to assess total-body muscle 
mass, and it has advantages in cost-effectiveness, readily 
availability and accuracy [5]. Anthropometry is an 
alternative but it measures only individual muscle groups 
and is less accurate [5]. Computerized tomography to assess 
muscle mass is expansive and has to expose the patients in  

radiation [5]. Dual-energy X-ray absorptiometry is also 
expansive and is possibly inaccurate in patients with altered 
body water content [12]. CER had been linked to higher 
cardiovascular risk and mortality in general population [6], 
and it also had been related to higher mortality in persons 
with chronic coronary artery disease [7], in renal transplant 
recipients [13] and in type 2 diabetics with nephropathy [14]. 
To our knowledge, this is the first study to report a link 
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between low CER and poor outcome in severe acute stroke 
patients. 
 The mechanisms underlying the association of CER with 
acute stroke outcomes may be multi-factorial. First of all, 
muscle is the primary target for insulin action and glucose 
disposal [15]. It has been reported that low muscle mass is 
associated with higher fasting glucose and insulin resistance 
even in non-diabetics, [16] and insulin resistance has been 
shown to be a predictor of cardiovascular and cerebro-
vascular diseases [17]. In addition, low muscle mass and 
insulin resistance were both related to low levels of insulin-
like growth factor-1, which promotes glucose uptake by 
muscle and low levels of that is associated with poor stroke 
outcome [18, 19] Second, low muscle mass is an indicator of 
malnutrition. Malnutrition was reported in 8-34% of acute 
stroke patients on admission, [20] and several studies have 
demonstrated poor outcomes in terms of length of stay, 
complications, disability and death in malnourished 
compared to well-nourished acute stroke patients [21-24]. 
Moreover, some medium-sized studies had shown a benefit 
of protein-energy supplement on the reduction of poor 
outcome or death in malnourished acute stroke patients [25, 
26]. Third, low muscle mass was associated with physical 
disability and decreased cardiopulmonary fitness in elderly. 
[27]. It had been reported that individuals with lower CER 
achieved lower metabolic equivalents and maximum heart 
rate after the exercise treadmill test, which may indicate poor 
physical fitness and cardiovascular function [7]. Physical 
inactivity had been recognized as an independent risk factor 
for stroke, (1) and pre-stroke physical activity was associated 
to a less severe stroke and better long-term outcome [28] 
There were also increasing evidences showing that stroke 
survivors may benefit from exercise training to improve the 
aerobic fitness and functional outcome [29, 30]. 
 This study has limitations. First, BMI was not adjusted in 
our analysis because BMI was only available for some 
patients. Second, ischemic and hemorrhagic stroke were not 
further analyzed separately because of the modest sample 
size. Third, the study population comprised critically-ill 
stroke patients, who were in a stressful and metabolically 
demanding situation. In such a situation, the effect of muscle 
mass, which represents a metabolic reserve to deal with the 
demand, on the stroke outcome may be more prominent. 
Whether the predictive value of urine CER on stroke 
outcome still present in the patients with less severe strokes 
need further evaluation. Fourth, our cohort included only 
Asian patients and the generalizability of the findings to 
other races is unknown. Finally, the CER data in our study 
was calculated by creatinine in morning spot urine multiply 
24-hour urine volume, not measured by the creatinine from 
24-hour urine collection. Although there have been studies 
showing that there was good correlation between proteinuria 
measured by spot urine and 24-hour urine [31], the 
correlation between CER measured by spot urine and 24-
hour urine still need to be evaluated.  
 In conclusion, we observed that low baseline CER, a 
marker of muscle mass, was independently associated with 
poor 6-month outcome among critically ill acute stroke 
patients. Future studies will need to focus on stroke patients 
of all levels of severity, assess any differences by stroke 
type, and include non-Asian patients as well. Furthermore, 

the possible mechanisms behind the association between low 
CER and poor stroke outcome need to be investigated. Given 
that CER might be a potentially modifiable risk factor, future 
studies could also examine whether pre-morbid modification 
of this risk factor, potentially through exercise or protein-
energy supplement, could be helpful for improving acute 
stroke outcomes.  
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