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Introduction: Urinary titin is a biomarker of muscle atrophy, which is a serious com-
plication after stroke. However, there are currently no clinical data regarding uri-
nary titin in stroke patients. Methods: Consecutive stroke patients admitted to the
stroke care unit were included. Spot urine samples were collected immediately after
admission, and on days 3, 5, and 7. The primary outcome was the trend of urinary
titin in patients after acute stroke. The secondary outcomes included the association
between the peak urinary titin level and the modified Rankin Scale (mRS) score, the
National Institutes of Health Stroke Scale (NIHSS) score, and the Barthel index (BI)
upon hospital discharge. Multivariate analysis was adjusted for age, sex, NIHSS at
admission, and the peak urinary titin to predict poor outcome (mRS 3�6).
Results: Forty-one patients were included (29 male; age, 68§ 15 years), 29 had ische-
mic stroke, 8 had intracerebral hemorrhage, and 4 had subarachnoid hemorrhage.
The levels of urinary titin on days 1, 3, 5, and 7 were 9.9 (4.7�21.1), 16.2 (8.6�22.0),
8.9 (4.8�15.2), and 8.7 (3.6�16.2) pmol/mg Cr, respectively. The peak urinary titin
level was associated with the mRS score (r = 0.55, p < 0.01), the NIHSS score
(r = 0.72, p< 0.01), and the BI (r =�0.59, p< 0.01) upon hospital discharge. In multi-
variate analysis, the peak urinary titin was associated with poor outcome (p = 0.03).
Conclusions: Urinary titin rapidly increased after stroke and was associated with
impaired functional outcomes at hospital discharge.
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Introduction

Stroke induces a progressive loss of muscle mass,1 and
muscle atrophy is a serious complication in patients after
stroke.2 Muscle atrophy can reach 15.0%�20.8% within the
2 weeks following stroke,3 and persists for many years after
hospital discharge4. Muscle atrophy can lead to impaired
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physical functions and impaired clinical outcomes.5,6 This
prolonged muscle loss, termed stroke-related sarcopenia, is
observed in 42% of stroke survivors.7

Muscle atrophy is evaluated by anthropometric meas-
urements, computed tomography (CT), magnetic reso-
nance imaging (MRI), and ultrasound.8 However,
ealth Stroke Scale; BI, Barthel index; CT, computed tomography; MRI,
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anthropometric measurements are often unreliable,9 and
CT and MRI cannot be used for bedside muscle atrophy
monitoring. Although ultrasound is frequently used for
the measurement of muscle mass assessment, consider-
able skill and experience are required for accurate mea-
surement.10 The identification of a suitable biomarker is
urgently needed for better monitoring of muscle atrophy
in patients after stroke, as well as improved management
of nutrition and rehabilitation.
Recently, urinary titin has been reported to be a bio-

marker of catabolism and muscle atrophy in critically ill
patients.11 Titin is a spring-like protein that connects actin
and myosin, and works to contract muscles. Although
titin can be measured in urine samples and can be used as
a biomarker of muscle breakdown, it remains poorly
understood in many fields including stroke. Since stroke
induces muscle atrophy, we hypothesized that the level of
urinary titin is increased in patients after stroke, and can
be used to assess the prognosis of the disease. Therefore,
we conducted a prospective observational study to
observe the time course of urinary titin and its associated
clinical outcomes in patients after stroke.
Methods

Study design and setting

This was a single-center prospective observational
study at the stroke care unit of Tokushima University
Hospital from May 2020 to October 2020. The study was
approved by the Clinical Research Ethics Committee at
Tokushima University Hospital (approval number: 2593),
and was registered as a clinical trial (UMIN-Clinical Trials
Registry: 000047776). We obtained written informed con-
sent from patients or their family at the time of admission.
Study population

Consecutive stroke patients who were admitted in the
stroke care unit of Tokushima University Hospital were
included. In our facility, patients are directly transported
to the stroke care unit without the need for an emergency
department visit. The stroke subtypes included ischemia,
intracranial hemorrhage, and subarachnoid hemorrhage.
Since the aim of this study was to evaluate the acute
change in urinary titin in adults living independently, we
excluded patients based on following criteria: (1) in-hospi-
tal onset; (2) modified Rankin Scale (mRS) score � 2
before admission; (3) > 24 h from the onset or the last
known well time; (4) dialysis, due to the possible influ-
ence on urinary titin; (5) unable to collect urine due to uri-
nary incontinence or no urethral catheter; (6) craniotomy
or other invasive surgery (not including catheter treat-
ment, percutaneous hematoma drainage, and insertion of
external ventricular drainage); (7) seizure; and (8) age <

18 years old. Patients were withdrawn if they met any of
these exclusion criteria.
Urinary titin measurement

Urinary titin was measured by ELISA (27900 Titin N-
Fragment Assay Kit; Immuno-Biological Laboratories,
Gunma, Japan),12 which measured the N-terminal frag-
ment of titin excreted in urine. The urinary titin was cor-
rected by urinary creatinine to attenuate renal function.
Urinary creatinine was measured at LSI medience corpo-
ration (Tokyo, Japan). The reference range in healthy
adults was approximately 1�3 pmol/mg Cr.12 Spot urine
was used because titin does not fluctuate throughout the
day.13 The first urine sample was collected immediately
after admission to the stroke care unit, and the subsequent
urine samples were collected from 8 am to noon on days
3, 5, and 7. We avoided collecting urine immediately after
rehabilitation and other invasive procedures. Urine sam-
ples were stored in a freezer (�20 °C) until required for
measurements. The urinary titin level on day 1, day 3,
and at the peak were used for comparison.

Physical assessment

The severity of stroke was assessed at admission using
the National Institutes of Health Stroke Scale (NIHSS)
score, which ranges from 0 to 42, with higher scores indi-
cating increasing severity.14 Upon hospital discharge, the
clinical outcomes were assessed using the NIHSS score,
the mRS score,15 and the Barthel index (BI). The mRS
score ranges from 0 (no disability) to 6 (death) with 0�2
or 3�6 defined as good or poor outcomes, respectively,
while the BI is used to evaluate activities of daily living,
and ranged from 0 to 100, with higher scores indicating
better functional status.16 The NIHSS score and the mRS
score were assessed by neurologists, and the BI was
assessed by physical therapists.

Outcomes

The primary outcome was the time course of urinary
titin in patients after stroke. In secondary analysis, we
investigated the relationship between the urinary titin
level and clinical outcomes, including the mRS score, the
NIHSS score, and the BI at hospital discharge.

Statistics

Continuous data are presented as the mean (standard
deviation [SD]) or median (interquartile range [IQR]), and
categorical data are presented as counts (%). Comparisons
were conducted using the t-test or the Mann�Whitney U
test. The three stroke subtypes were compared using the
Kruskal�Wallis test with a post hoc Steel�Dwass test.
The Pearson correlation coefficient was used to investigate
the relationship between urinary titin and clinical out-
comes. In the sensitivity analysis, these variables were
compared between ischemic and hemorrhage stroke
(intracerebral and subarachnoid hemorrhage). Multivari-
ate analysis was conducted to assess if urinary titin was



Table 1. Patient Characteristics.

Variables Overall (n = 41)

Age, years (mean [SD]) 68 § 15

Sex (Male), n (%) 29 (71)

Body mass index, kg/m2 24 (22�27)

Comorbidities

High blood pressure 30 (73)

Diabetes mellitus 12 (29)

Chronic kidney disease 2 (5)

Modified Rankin Scale at admission

0 36 (88)

1 5 (12)

NIHSS 6 (2�21)
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independently associated with good or poor outcomes,
defined by modified Rankin Scale score. In the multivari-
ate analysis, in addition to age and sex, NIHSS at admis-
sion was included as the severity of stroke. Since urinary
titin has not been previously investigated in stroke
patients, 40 patients were planned for enrollment based
on feasibility. All clinical data on urinary titin and clinical
characteristics are presented in a supplemental file (Table
I in the supplemental file). All p-values were two tailed,
and p-values < 0.05 were considered statistically signifi-
cant. JMP version 13.1.0 (SAS Institute Inc., NC, USA) and
R version 3.1.1 (R Foundation for Statistical Computing,
Vienna, Austria) were used for statistical analysis.
Length of SCU stay, days 11 (8�15)

Length of hospital stay, days 15 (13�20)

Stroke type, n (%)

Ischemic stroke 29 (71)

Intracranial hemorrhage 8 (20)

Subarachnoid hemorrhage 4 (10)

SD = standard deviation, NIHSS = National Institutes of Health

Stroke Scale, SCU = stroke care unit

Data were presented as median (interquartile range) unless oth-

erwise indicated.
Results

One hundred and five patients were admitted in the stroke
care unit, and 90 were diagnosed with stroke during the
study period (Fig. 1). We excluded 43 patients, and recruited
47 patients. Six patients were withdrawn and 41 patients
were included in the final analysis, with a total of 159 urinary
titin measurements. Forty-one patients remained in the study
on day 5, and 36 patients remained in the study on day 7.
The patient characteristics are summarized in Table 1. The
age of the included patients was 68 § 15 years, and 29
patients were male. The median NIHSS score was 6 (IQR,
2�21), and the clinical subtypes of stroke were ischemic
stroke (n= 29, 71%), intracranial hemorrhage (n= 8, 20%),
and subarachnoid hemorrhage (n= 4, 10%).

Trend of urinary titin

The levels of urinary titin on days 1, 3, 5, and 7 were 9.9
(4.7�21.1), 16.2 (8.6�22.0), 8.9 (4.8�15.2), and 8.7
Fig. 1. Flowchart of patients During the study period, 47 patients were
recruited and 41 patients were included in the final analysis.
(3.6�16.2) pmol/mg Cr, respectively (Fig. 2). The peak uri-
nary titin was 18.8 (9.7�44.2) pmol/mg Cr; in stroke sub-
types, the peak urinary titin was 18.3 (7.4�31.6) at ischemic
stroke, 60.5 (15.7�112.2) at intracranial hemorrhage, and
15.7 (10.8�43.9) pmol/mg Cr at subarachnoid hemorrhage.
There was no statistically significant difference in peak uri-
nary titin among the stroke subtypes (Kruskal�Wallis test,
p = 0.10; Steel�Dwass test, p = 0.10�1.00). The titin mea-
surement on day 1 was obtained 7 (3�16) h after the onset
Fig. 2. Trend of urinary titin after stroke Urinary titin was increased com-
pared to the normal level (1�3 pmol/mg Cr). Data are presented as median
(interquartile range), and the number of patients is shown below the graph.



Fig. 3. Level of urinary titin from stroke onset to the measurement on day 1
Compared to the normal level (1�3 pmol/mg Cr), urinary titin increased
within the 24 h following stroke onset. Points within a box are shown in the
figure, and the number of patients is shown below the graph.
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of stroke or the last known well time. The urine sample
was obtained at 2 or 3 h from the onset in 6 or 5 patients
respectively; the urinary titin levels of these patients were
already elevated at 17.0 (12.7�50.1) or 22.8 (5.9�54.9)
pmol/mg Cr, respectively (Fig. 3). There was no correlation
between the time of stroke onset and the urinary titin on
day 1 (r = 0.01, p = 0.94). The urinary titin on day 1 was
weakly associated with the NIHSS score at admission
(r = 0.34, p = 0.03) (Table 2).
Relationship with clinical outcomes

The peak urinary titin was associated with the mRS
score (r = 0.55, p < 0.01), the NIHSS score (r = 0.72,
p < 0.01), and the BI (r =�0.59, p < 0.01) upon hospital
discharge. On the other hand, urinary titin on day 1 and 3
was weakly associated with these outcomes, compared to
the peak urinary titin. In the sensitivity analysis of ische-
mic stroke, the peak urinary titin was associated with the
mRS score (r = 0.57, p < 0.01) (Table II in the supplemental
file), the NIHSS score (r = 0.71, p < 0.01), and the BI upon
hospital discharge (r =�0.59, p < 0.01), while in intracra-
nial and subarachnoid hemorrhage, the association was
only observed in the NIHSS score (r = 0.67, p = 0.02) (Table
III in the supplemental file).
Table 2. The association between uri

Titin on day 1

r p

At admission

NIHSS 0.34 0.03

At hospital discharge

modified Rankin Sale 0.45 < 0.01

NIHSS 0.36 0.02

Barthel index �0.44 < 0.01

Pearson correlation coefficient was used to assess the correlations (n =

NIHSS: National Institutes of Health Stroke Scale
In multivariate analysis, the peak urinary titin was asso-
ciated with poor outcome (odds ratio [OR], 1.06; 95% con-
fidence interval [CI], 1.01�1.17 per unit increase, p = 0.03)
as well as NIHSS (OR, 1.25; 95% CI, 1.08�1.55 per unit
increase, p < 0.01, Table IV in the supplemental file). On
the other hand, the urinary titin on day 1 was not associ-
ated with poor outcome (OR, 1.04; 95% CI, 0.99�1.13 per
unit increase, p = 0.13), while urinary titin on day 3 was
associated with poor outcome (OR, 1.11; 95% CI,
1.01�1.28 per unit increase, p = 0.02)
Discussion

In this observational study, we found that the levels of
urinary titin were rapidly increased after stroke. More-
over, increased urinary titin was associated with func-
tional outcomes at hospital discharge. To the best of our
knowledge, this is the first study to investigate the time
course of urinary titin and its associated outcomes in
patients after stroke. Urinary titin may be used to evaluate
the catabolism and clinical outcomes after stroke.
After stroke, the peak urinary titin was 19.2 (6.9�35.9)

pmol/mg Cr, which was higher than values of healthy
volunteers 2.1 (1.2�2.6 pmol/mg Cr)12 and lower than
the peak of critically ill patients 67.9
(35.7�116.2 pmol/mg Cr).11 A previous study demon-
strated that urinary titin is associated with catabolism and
muscle atrophy.11 Therefore, our results suggest that
patients experience increased catabolism and muscle atro-
phy following stroke. Interestingly, urinary titin was
already elevated in the 2 h following the onset of stroke.
In this study, we excluded patients with impaired inde-
pendent living and delayed admission after the stroke.
Therefore, we considered urinary titin on day 1 rapidly
increased after the stroke onset. The immediate increase
in urinary titin cannot be explained by immobilization or
impaired feeding, because these factors take days to cause
muscle atrophy.17 We consider that the rapid increase in
urinary titin is due to the immediate breakdown of muscle
from brain stimuli. Rapid crosstalk may occur from
the brain to the muscle following acute stroke, with three
potential pathways thought to cause the immediate
nary titin and functional scores.

Titin on day 3 Titin at the peak

r p r p

0.46 < 0.01 0.57 < 0.01

0.46 < 0.01 0.55 < 0.01

0.58 < 0.01 0.72 < 0.01

�0.49 < 0.01 �0.59 < 0.01

41).
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catabolic signaling.18 First, acute inflammatory cytokines
produced as a result of brain stimulation, may cause
immediate proteolysis due to their increase within 4 h of
stroke.19 Second, the hypothalamic-pituitary-adrenocorti-
cal axis may react immediately. Indeed, a previous animal
study demonstrated that the plasma corticosterone level
increased within 1 h in mice subjected to stroke.20 Because
steroid use represents a risk factor of muscle atrophy, this
reaction may cause rapid muscle breakdown.8 Third,
stroke-induced brain damage may activate the sympa-
thetic nervous system, resulting in accelerated catabolism
and subsequent muscle breakdown. These immediate
reactions are understandable because brain damages
starts within minutes of stroke onset.21

The peak urinary titin level was independently associ-
ated with impaired physical functions. In a previous
study, muscle atrophy after subarachnoid hemorrhage
was associated with a decreased mRS score at hospital
discharge.22 Since urinary titin reflects muscle atrophy,
the association between increased urinary titin and physi-
cal functions is understandable. Interestingly, in multivar-
iate analysis adjusted for stroke severity, the urinary titin
on day 3 was already associated with the clinical out-
comes at hospital discharge; this indicates the possible
clinical utility of urinary titin to predict patient outcomes.
The correlation was also confirmed in the subanalysis
including only ischemic stroke, although the sample size
in the hemorrhage subanalysis was too small for a signifi-
cant difference to be observed. Identification of bio-
markers is important for effective patient management,
since biomarkers can be measured in unconscious patients
in whom physical assessment cannot be conducted. More-
over, reliable physical assessment requires skill and train-
ing, and there is often interobserver variability. Indeed,
previous studies have also shown variability among the
NIHSS score and mRS score with different observers.23,24

Targeting muscle metabolism in the acute phase will be
essential for preventing muscle atrophy in stroke. This
study indicates that urinary titin may be used to assess
the catabolism, while immediate nutrition or rehabilita-
tion might be needed to deal with the rapid muscle break-
down. Rehabilitation and protein administration can
suppress proteolysis and prevent muscle atrophy.25,26

However, a very early rehabilitation within 24 h is still
controversial after acute stroke. In the AVERT III trial,
although rehabilitation within 24 h was important, too
early mobilization was associated with decreased favor-
able outcomes.27 In another study, mobilization within
24 h was associated with poor outcomes.28 The use of
rehabilitation within 24 h is still debated, but the finding
that muscle breakdown occurs within 24 h after stroke
onset is important. Similarly, the efficacy of nutrition
within 24 h is currently unknown,29 although it is possible
that early nutritional intervention prevents acute muscle
breakdown. Further studies are required to determine
whether early nutrition and rehabilitation intervention
decreases the rapid increase in urinary titin and impaired
functional outcomes.
This study has several limitations. First, this study is

based on a small sample size; in particular, the numbers
of patients with intracranial and subarachnoid hemor-
rhage were fewer than those with ischemic stroke. Second,
we did not use a 24 h urine sample; urinary titin does not
have circadian fluctuance,13 and we collected the spot
urine in the same time frame. However, spot urine may
still be affected by additional factors compared to a 24 h
urine sample. Third, we did not measure the muscle loss
in study subjects because our previous study has already
reported that urinary titin reflects muscle atrophy.11

Unlike creatinine kinase, titin exists only in sarcomere of
muscles.13 Thus, it is reasonable to understand the urinary
titin reflects muscle breakdown, not brain damage.
Summary

Urinary titin was rapidly increased after stroke, and
was associated with worse functional outcomes at hospi-
tal discharge. Urinary titin may be used as a biomarker of
catabolism and prognosis after stroke.
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