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Abstract

Background C-terminal agrin fragment (CAF) is a biomarker for neuromuscular junction degradation. This study
aimed to investigate whether 110-kDa CAF (CAF110) was associated with the presence and incidence of low muscle
mass and strength.
Methods This cross-sectional retrospective cohort study comprised women aged ≥65 years. We measured muscle
mass using a dual-energy X-ray absorptiometry scanner, hand-grip strength, and blood sampling between 2011 and
2012. A follow-up study with the same measurements was conducted between 2015 and 2017. Low muscle mass and
strength were defined as an appendicular skeletal muscle mass index <5.4 kg/m2 and hand-grip strength <18 kg, re-
spectively. The CAF110 level was measured using enzyme-linked immunosorbent assay kits.
Results In total, 515 women (74.3 ± 6.3 years) were included in this cross-sectional analysis. Of these, 101 (19.6%)
and 128 (24.9%) women presented with low muscle mass and strength, respectively. For low muscle mass, the odds
ratios (ORs) of the middle and highest CAF110 tertile groups, compared with the lowest group, were 1.93 (95% con-
fidence interval: 1.09–3.43; P = 0.024) and 2.15 (1.22–3.80; P = 0.008), respectively. After adjusting for age, the ORs
remained significant: 1.98 (1.11–3.52; P = 0.020) and 2.27 (1.28–4.03; P = 0.005), respectively. Low muscle strength
ORs of all the CAF110 tertile groups were not significant. In the longitudinal analysis, 292 and 289 women were
assessed for incidents of low muscle mass and strength, respectively. Of those, 34 (11.6%) and 20 (6.9%) women ex-
hibited low muscle mass and strength, respectively. For incident low muscle mass, the crude OR of the CAF110 ≥ the
median value group was marginally higher than that of the CAF110 < median value group (median [interquartile
range]: 1.98 [0.94–4.17] (P = 0.072). After adjusting for age and baseline muscle mass, the OR was 2.22 [0.97–
5.06] (P = 0.058). All low muscle strength ORs of the median categories of CAF110 were not significant.
Conclusions CAF110 was not associated with low muscle strength. However, CAF110 may be a potential marker for
the incidence of low muscle mass.
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Introduction

Age-related muscle loss, termed ‘sarcopenia’, is affected by
various factors such as abnormalities in muscle protein turn-
over, endocrine system, or growth factors.1 According to the
revised definition by the European Working Group on
Sarcopenia in Older People,2 sarcopenia is probable when
low muscle strength is detected. A sarcopenia diagnosis is
confirmed by the presence of low muscle quantity or quality.2

Nervous system deterioration is thought to be the major
mechanism underlying the development and acceleration of
sarcopenia.1,3 Moreover, neuromuscular junction (NMJ) de-
generation, which is characterized by the degradation of
several components such as the regression of motor neurons
or fragmentation of acetylcholine receptor (AChR) clusters on
the postsynaptic membrane, contributes to skeletal muscle
loss.4,5 In an animal study, fragmentation of AChR clusters
was specifically observed in skeletal muscles that showed
the pathological state of sarcopenia.6 Another animal study
focusing on NMJ morphology and myofibre profiles reported
that NMJ degeneration may precede incident sarcopenia.7

Therefore, a biomarker for NMJ degeneration could help pre-
dict sarcopenia.

Agrin, a heparin sulphate proteoglycan synthesized in mo-
tor neurons, has an important role in the initial formation and
maintenance of the NMJ through AChR aggregation.8 Agrin is
fragmented by neurotrypsin at the NMJ.9 In mice, the overex-
pression of neurotrypsin increases agrin fragments10 and
causes NMJ degeneration, muscle atrophy, and sarcopenic
alteration of myofibre profiles.10,11 In human serum, the
C-terminal agrin fragment (CAF), particularly the 110-kDa
CAF (CAF110) and 22-kDa CAF (CAF22), can be detected.12 A
previous study involving a 10 day bed rest in young men
demonstrated NMJ instability, decreased muscle mass and
strength, and an increased blood level of CAF22.13 Several
cross-sectional studies report that increased levels of CAF22
are associated with low muscle mass,14–16 low muscle
strength,15 or prevalent sarcopenia12,15,16 among community-
dwelling older people. However, another cross-sectional
study17 did not find a significant association among older pa-
tients with hip fractures. CAF22 is filtered by the kidney;
therefore, the serum level of CAF22 is affected by renal
function.18 Additionally, the CAF22 serum level has a moder-
ate correlation with serum creatinine levels among patients
with heart failure.19 In contrast, CAF110 is not filtered by
the kidney,18 which means that its serum levels may be a
more accurate measure of NMJ degeneration. To the best
of our knowledge, only one study has reported an association
between increased CAF110 levels and low muscle mass or
strength.20 Additionally, no study has investigated whether
a particular CAF level is predictive of the future incidence of
low muscle mass or strength.

Therefore, this study aimed to examine whether (i) CAF110
would be cross-sectionally associated with the presence of

low muscle mass and weakness and (ii) CAF110 would be
longitudinally associated with the future incidence of low
muscle mass and weakness among community-dwelling older
women. We hypothesized that CAF110 would be associated
with the presence or future incidence of low muscle mass
and strength.

Methods

Study design and participants

In the present study, cross-sectional and longitudinal analyses
were conducted using previously described data from the
Japanese Population-based Osteoporosis (JPOS) cohort
study.21 Briefly, in 1996, women aged 15–79 years were ran-
domly selected from 5-year age groups, using resident regis-
trations in seven municipalities across Japan. They were in-
vited to complete a survey. In this cohort study, women
who completed the survey in 1996 were followed up in
1999, 2002, 2006, 2011/2012, and 2015–2017. Body compo-
sition measurements started in the 2011/2012 follow-up
study; therefore, the baseline and follow-up of the present
study were surveys conducted in 2011/2012 and 2015–
2017, respectively. The surveys were conducted in four mu-
nicipalities. For the cross-sectional analysis, we included
women aged ≥65 years who had completed blood sampling,
body composition, hand-grip strength, and walking speed
measurements at baseline. We excluded women with a
history of stroke or an estimated glomerular filtration rate
(eGFR) < 30 mL/min/1.73 m2. For the longitudinal analysis,
we included women who were evaluated in the cross-
sectional analysis who also completed body composition,
hand-grip strength, and walking speed measurements at fol-
low-up. To analyse the future incidence of low muscle mass
and strength, women with low muscle mass and strength at
baseline were accordingly excluded. All participants provided
written informed consent before participating in each survey.
The study protocol was approved by the Ethics Committee of
Kindai University Faculty of Medicine (Osaka-Sayama, Japan;
approval no. 29-112). It conforms to the principles
embodied in the Declaration of Helsinki.22

Measurements of muscle mass and strength

Body composition measurements were performed using a
single dual-energy X-ray absorptiometry (DXA) scanner
(QDR-4500A; Hologic, Bedford, MA, USA). A single experi-
enced radiologic technologist performed all scans. The lean
soft tissue mass (LSTM) was divided into the head, arms, legs,
and trunk. The LSTM of the arms and legs were isolated from
the trunk LSTM by using methods described in previous
studies.23,24 In the anterior images, the arms were delineated
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at the vertical shoulder line bisecting the heads of the
humerus at the glenoid fossa. The legs were separated by
two angled lines, which comprised a pelvic triangle with a
horizontal line at the crest of the ilium and bisected the two
femoral necks. Appendicular skeletal muscle mass (kg) was
calculated as the sum of the arm and leg LSTM. Appendicular
skeletal muscle mass index (ASMI) was calculated as the ap-
pendicular skeletal muscle mass (kg) divided by the height
squared (m2). The in vivo reproducibility, represented by the
coefficients of variation (CVs) of the LSTM and appendicular
skeletal muscle mass, was 1.1% and 1.4%, respectively.21

Hand-grip strength (kg) was measured using a digital
hand-grip strength dynamometer (TKK-5101; Takei Kagaku,
Tokyo, Japan). The grip width was set as one-half the length
from the base of the thumb to the end of the index finger.
Participants stood with their shoulder, elbow, and wrist in a
neutral position. The participants were told to hold the dyna-
mometer at maximum effort for several seconds. The mea-
surements were conducted twice for each hand with an inter-
val of several seconds. A maximum value (in 0.1 kg) of all
measurements was used in the present study.25 Reproducibil-
ity, represented by the CV of hand-grip strength, was 3.6%.

Based on the Asian Working Group for Sarcopenia
criteria,26 low muscle mass and strength were defined as an
ASMI <5.4 kg/m2 and hand-grip strength <18 kg, respec-
tively, for women.

C-terminal agrin fragment measurements

Serum levels of CAF110 were obtained in duplicate using
commercial sandwich-type enzyme-linked immunosorbent
assay (ELISA) kits (Human CAF-110KD ELISA Kit; Glory Science
Co., Ltd., Shanghai, China) and a spectrophotometric micro-
plate reader (Model 680; Bio-Rad, Hercules, CA, USA). The
ELISA kit combines CAF110 antibody with labelled horserad-
ish peroxidase to form an antibody–antigen–enzyme–anti-
body complex and uses tetramethylbenzidine as the colori-
metric substrate. Intra- and inter-assay precisions,
represented by CVs, were 4.5% and 8.6%, respectively.

Other variables

Information on disease history was obtained via a survey
questionnaire, and details were confirmed via interviews
conducted by trained public health nurses. Venous blood
samples were drawn without controlling meals. Haemoglobin
A1c (HbA1c) values were estimated as National Glycohe-
moglobin Standardization Program equivalent values. Serum
samples were obtained from whole blood samples by centri-
fugation at 3000× g for 10 min. Serum levels of total choles-
terol, high-density lipoprotein (HDL) cholesterol, low-density
lipoprotein (LDL) cholesterol, and creatinine were measured.

The residual serum samples were stored at �80°C. The eGFR
was calculated using the formula recommended by the
Japanese Society of Nephrology,27 which includes age and se-
rum creatinine levels.

Body height and weight were measured using an auto-
matic scale (TK-11868h; Takei Kagaku). Body mass index
(BMI) was calculated as weight divided by height squared
(kg/m2). Energy intake was estimated using the 28-item Food
Frequency Questionnaire (FFQ).28 The details were confirmed
via interviews with trained dietitians. The Spearman’s corre-
lation between the FFQ and energy intake diet record
methods was 0.471.28 The CV of repeated measurements
from the FFQ for energy intake was 9.6%.28 Upon measuring
the 10 m maximal walking speed, participants were re-
quested to walk on a flat straight surface at their maximal
pace for 14 m, of which, the middle 10 m mark was recorded
by an automatic timer (TKK340a; Takei Kagaku). The timer au-
tomatically started or stopped as the participants walked past
the mark. The measurement was completed twice. Between
the measurements, participants were told to walk back to
the start position at their usual speed. The mean speed of
two measurements was used in the analysis.

To measure the standing balance function, participants
were requested to hold the semi-tandem, tandem, and one-
leg standing positions for 60 s, measured using a stopwatch.
In the situation that a participant refused to comply or held
a position for less than 30 s, the time was noted in seconds
and no further position with a higher degree of difficulty
was attempted. The one-leg stand was measured twice if
the time of the first trial was less than 30 s. To measure the
timed up and go (TUG) time, participants were requested to
stand up from an armchair, walk 3 m, turn, walk back to the
chair, and sit down as fast as possible. The time from standing
up to sitting down was recorded by an automatic timer
(TKK5804; Takei Kagaku).

Statistical analysis

CAF110 levels, standing balance function times, and TUG
times were non-normally distributed. The other interval vari-
ables tested were normally distributed. More than one-half
of the participants completed the semi-tandem and tandem
standing for the maximum duration (60 s); therefore, we did
not conduct subsequent tests on these variables. CAF110,
one-leg stand time, and TUG time were categorized by tertile
and median values in the cross-sectional and longitudinal
analyses, respectively. In the cross-sectional analysis, the
ASMI, hand-grip strength, and prevalence of low muscle mass
or strength comparisons among the CAF110 tertile groups
were conducted using the analysis of variance or χ2, as appro-
priate. Subsequent pairwise multiple comparisons of the post
hoc tests were conducted after a significant P-value was ob-
tained in the analysis of variance or χ2 tests. A comparison

110-kDa C-terminal agrin fragment and muscle decline 2255

Journal of Cachexia, Sarcopenia and Muscle 2023; 14: 2253–2263
DOI: 10.1002/jcsm.13309



of the characteristics among the three groups was conducted
using the Cuzick test for continuous variables or the Cochran–
Armitage test for prevalence. Characteristics between the two
groups were compared using the unpaired t-test for normally
distributed variables, Mann–Whitney U test for non-normally
distributed variables, or the χ2 test for prevalence. Spearman’s
rank correlations were performed to examine the correlation
between CAF110 levels with age and eGFR levels. The associ-
ation between CAF110 levels with the presence or future
incidence of low muscle mass or strength was analysed using
logistic regression models with the lowest category used as
the reference group and represented by odds ratios (ORs). In
the cross-sectional analysis, the models were adjusted for
age. In the longitudinal analysis of incident low muscle mass,
the models were adjusted for age and ASMI at baseline. In
the analysis with incident low muscle strength, models were
adjusted for age, hand-grip strength, and BMI at baseline.
Analyses were conducted using Stata version 17 (StataCorp,
College Station, TX, USA). P< 0.05 and P< 0.1 were indicative
of statistical significance and tendency, respectively.

Results

Cross-sectional analysis

Five hundred and forty-six women completed the survey in
2011/2012. After excluding 23 women with a history of

stroke and eight women with an eGFR <30 mL/min/
1.73 m2, 515 women were enrolled in the cross-sectional
study (Figure 1). Comparisons of the characteristics among
the CAF110 level tertile groups are shown in Table 1. Women
in the higher CAF110 level category were younger, had lower
HDL cholesterol levels, marginally longer one-leg stand times,
were less likely to have a history of hypertension, and had a
higher prevalence of low muscle mass. At baseline, 101
(19.6%) and 128 (24.9%) women presented with low muscle
mass and strength, respectively; of these, 45 (8.7%) women
presented with both characteristics. The prevalence of low
muscle mass, rather than low muscle strength, was signifi-
cantly different among tertile groups (P = 0.020 and
P = 0.857, respectively), based on the χ2 test. In the post
hoc test, only the lowest and highest tertile groups had
significantly different muscle masses.

The results of the logistic regression analysis in the
cross-sectional study are depicted in Figure 2. Regarding
low muscle mass, the crude ORs for the middle and highest
CAF110 tertile groups were higher than the OR of the lowest
tertile group [OR (95% confidence interval): 1.93 (1.09–3.43)
(P = 0.024) and 2.15 (1.22–3.80) (P = 0.008), respectively]. Af-
ter adjusting for age, the ORs remained significant [1.98
(1.11–3.52) (P = 0.020) and 2.27 (1.28–4.03) (P = 0.005), re-
spectively]. For low muscle strength, the ORs in all CAF110
tertile groups were not significant; the crude ORs were 1.03
(0.63–1.69) and 1.14 (0.70–1.86) and the age-adjusted ORs
were 1.10 (0.66–1.83) and 1.33 (0.80–2.21), respectively.
The ORs of other variables are presented in Table 2.

Figure 1 Flowchart of the participants. aThe participants had missing data on hand-grip strength and walking speed.
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Low muscle mass was significantly associated with older
age, lower BMI, lower HbA1c, absence of hypertension,
dyslipidaemia, diabetes mellitus, lower hand-grip strength,
and marginally higher HDL cholesterol level. Low hand-grip
strength was significantly associated with older age, lower
BMI, lower energy intake, slower walking speed, lower ASMI,
shorter one-leg stand time, and longer TUG time, and it was
marginally associated with lower total cholesterol level, HDL
cholesterol level, and history of ischaemic heart disease. At

baseline, the CAF110 level was negatively correlated with
age (ρ = �0.111, P = 0.009), but not correlated with eGFR
(P = 0.381).

Longitudinal analysis

Among 515 participants enrolled in this cross-sectional study,
only 358 women completed follow-up assessments, whereas

Table 1 Comparison of the characteristics of the participants, categorised by the CAF110 tertile group, in the cross-sectional analysis

CAF110 tertile group

P for
trend

<43.4 pg/mL 43.4–53.0 pg/mL >53.0 pg/mL
(n = 172) (n = 172) (n = 171)

Age, years 75.0 (6.5) 74.4 (6.3) 73.4 (6.2) 0.026*
BMI, kg/m2 23.0 (3.7) 23.0 (3.5) 22.9 (3.5) 0.835
eGFR, mL/min/1.73 m2 71.3 (16.5) 70.2 (14.8) 72.6 (15.3) 0.438
HbA1c, % 5.8 (0.5) 5.8 (0.5) 5.8 (0.7) 0.667
Total cholesterol, mg/dL 213 (63) 210 (43) 207 (57) 0.386
HDL cholesterol, mg/dL 62 (14) 61 (14) 59 (15) 0.037*
LDL cholesterol, mg/dL 120 (28) 123 (27) 123 (28) 0.361
History of ischaemic heart disease 5.2% 4.7% 7.0% 0.474
History of hypertension 57.6% 56.4% 44.4% 0.015*
History of dyslipidemia 37.2% 34.9% 32.7% 0.386
History of diabetes mellitus 9.9% 9.3% 9.4% 0.868
Energy intake, kcal/day 1,626 (361) 1,639 (303) 1,590 (331) 0.291
Maximal walking speed, m/s 1.60 (0.40) 1.59 (0.37) 1.66 (0.39) 0.266
One-leg stand time, s 10.8 [0–34.6] 10.8 [0–36.4] 19.8 [1.0–45.6] 0.057
Timed up and go time, s 7.06 [5.97–8.72] 7.05 [6.21–8.28] 6.98 [6.27–8.20] 0.911
ASMI, kg/m2 5.95 (0.62) 5.89 (0.56) 5.84 (0.60) 0.154
Low muscle massa 12.8% 22.1% 24.0% 0.009**
Hand-grip strength, kg 21.1 (4.9) 20.9 (4.2) 20.7 (4.3) 0.282
Low muscle strengthb 23.8% 24.4% 26.3% 0.596

Data are presented as the mean (standard deviation), median [interquartile range], or prevalence.
ASMI, appendicular skeletal muscle mass index; BMI, body mass index; CAF, C-terminal agrin fragment; eGFR, estimated glomerular filtra-
tion rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
aLow muscle mass, defined as ASMI <5.4 kg/m2.
bLow muscle strength, defined as a hand-grip strength <18 kg.
*P < 0.05,
**P < 0.01.

Figure 2 The odds ratios of the CAF110 tertile groups for low muscle mass and low muscle strength in the cross-sectional analysis. *P < 0.05 and
**P < 0.01.
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the remaining women did not participate or had missing data
(Figure 1). Comparisons of baseline characteristics between
women who completed the follow-up survey and those who
did not are shown in Table S1. Women who did not complete
the follow-up survey were older and had a higher prevalence
of ischaemic heart disease and hypertension; lower energy
intake, maximal walking speed, and hand-grip strength;
shorter one-leg stand time; longer TUG time; and marginally
lower CAF110 levels. Of the women who completed the
follow-up survey, 292 women were assessed for incident
low muscle mass. The median [inter-quartile range (IQR)] of

the interval from baseline to follow-up was 4.0 [3.8, 5.0]
years. For the incidence of low muscle strength, 289 women
were assessed, and the interval from baseline to follow-up
was 4.0 [3.9, 4.9] years. We identified 34 (11.6%) and 20
(6.9%) women who exhibited incident low muscle mass and
strength, respectively, during the follow-up survey.

To determine low muscle mass incidence, women were
categorized according to the median CAF110 level and the
comparison of characteristics between the various levels is
shown in Table 3. The women in the higher CAF110 level cat-
egory had lower HDL cholesterol levels, higher LDL choles-

Table 2 The crude odds ratios for low muscle mass and low muscle strength in the cross-sectional analysis

Crude OR P-value

Dependent variable: low muscle mass
Age (per 5-year increase) 1.14 (0.96–1.35) 0.124
BMI (per 1SD decrease) 5.98 (3.94–9.06) <0.001**
eGFR (per 1SD decrease) 0.86 (0.70–1.07) 0.180
HbA1c (per 1SD increase) 0.70 (0.52–0.93) 0.016*
Total cholesterol (per 1SD increase) 0.94 (0.75–1.19) 0.615
HDL cholesterol (per 1SD increase) 1.20 (0.97–1.49) 0.094
LDL cholesterol (per 1SD increase) 0.96 (0.77–1.20) 0.720
History of ischaemic heart disease 1.61 (0.69–3.75) 0.269
History of hypertension 0.57 (0.37–0.88) 0.012*
History of dyslipidemia 0.52 (0.31–0.85) 0.009**
History of diabetes mellitus 0.34 (0.12–0.96) 0.042*
Energy intake (per 1SD decrease) 1.10 (0.88–1.39) 0.398
Maximal walking speed (per 1SD decrease) 1.02 (0.83–1.28) 0.798
Tertile group of one-leg stand time
>28.45 s 1
3.45–28.45 s 0.53 (0.30–0.95) 0.033*
<3.45 s 1.17 (0.71–1.94) 0.541

Tertile group of timed up and go time
<6.4 s 1
6.4–7.8 s 1.27 (0.76–2.14) 0.365
>7.8 s 0.87 (0.50–1.51) 0.628

Hand-grip strength (per 1SD decrease) 1.73 (1.37–2.18) <0.001**
Dependent variable: low hand-grip strength
Age (per 5-year increase) 1.55 (1.32–1.82) <0.001**
BMI (per 1SD decrease) 1.28 (1.04–1.59) 0.023*
eGFR (per 1SD decrease) 0.89 (0.73–1.08) 0.227
HbA1c (per 1SD increase) 0.82 (0.64–1.04) 0.100
Total cholesterol (per 1SD increase) 0.81 (0.64–1.02) 0.075
HDL cholesterol (per 1SD increase) 0.83 (0.68–1.03) 0.085
LDL cholesterol (per 1SD increase) 0.90 (0.73–1.10) 0.285
History of ischaemic heart disease 1.92 (0.88–4.20) 0.098
History of hypertension 1.25 (0.84–1.88) 0.271
History of dyslipidemia 0.73 (0.47–1.12) 0.151
History of diabetes mellitus 0.86 (0.43–1.74) 0.682
Energy intake (per 1SD decrease) 1.56 (1.23–1.97) <0.001**
Maximal walking speed (per 1SD decrease) 2.41 (1.90–3.07) <0.001**
Tertile group of one-leg stand time
>28.45 s 1
3.45–28.45 s 1.56 (0.89–2.73) 0.122
<3.45 s 3.73 (2.21–6.29) <0.001**

Tertile group of timed up and go time
<6.4 s 1
6.4–7.8 s 3.04 (1.63–5.67) <0.001**
>7.8 s 7.18 (3.95–13.05) <0.001**

ASMI (per 1SD decrease) 1.74 (1.39–2.18) <0.001**

Data are presented as the odds ratio (95% confidence interval).
1SD, one standard deviation; ASMI, appendicular skeletal muscle mass index; BMI, body mass index; eGFR, estimated glomerular filtration
rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
*P < 0.05,
**P < 0.01.
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terol levels, lower energy intake, marginally lower prevalence
of hypertension, and marginally less hand-grip strength at
baseline, and they had lower hand-grip strength, marginally
lower HbA1c, and marginally higher prevalence of low muscle
mass at follow-up.

Regarding incident low muscle mass, the crude OR of the
CAF110 ≥ median value group (i.e. 48.5 pg/mL) was margin-
ally higher than that of the CAF110 < median value group
[1.98 (95% confidence interval: 0.94–4.17), P = 0.072]. After
adjusting for age and ASMI at baseline, the OR remained
marginally higher [2.22 (0.97–5.06), P = 0.058]. In the logistic
regression analysis of incident low muscle strength, the ORs
of categories divided by CAF110 median value (47.5 pg/mL)
were not significant: 1.23 (0.49–3.07) (P = 0.655) in the
crude model and 1.47 (0.51–4.23) (P = 0.473) in the model
adjusted for age, hand-grip strength, and BMI at baseline.

The ORs of other variables at baseline are presented in Table
4. Low muscle mass was significantly associated with lower
BMI, higher LDL cholesterol, and less hand-grip strength,
and marginally associated with a shorter one-leg stand time.
Less hand-grip strength was significantly associated with
older age, lower BMI, slower walking speed, shorter
one-leg stand time, and longer TUG time, and marginally
associated with a lower eGFR level and the presence of
hypertension.

Discussion

In the present study, we found that higher levels of CAF110
were cross-sectionally associated with low muscle mass, but

Table 3 Comparison of the characteristics of participants, categorised by the median CAF110 level, in the longitudinal analysis of incident low muscle
mass

Median CAF110 level
P for

difference<48.5 pg/mL (n = 146) ≥48.5 pg/mL (n = 146)

At baseline
Age, y 73.1 (5.7) 72.2 (5.1) 0.166
BMI, kg/m2 23.7 (3.2) 23.8 (3.2) 0.714
eGFR, mL/min/1.73 m2 71.6 (14.7) 71.0 (13.8) 0.698
HbA1c, % 5.8 (0.6) 5.8 (0.5) 0.204
Total cholesterol, mg/dL 219 (61) 208 (56) 0.125
HDL cholesterol, mg/dL 62 (13) 59 (14) 0.049*
LDL cholesterol, mg/dL 118 (27) 127 (25) 0.005**
History of ischaemic heart disease 2.7% 4.8% 0.356
History of hypertension 58.9% 47.9% 0.061
History of dyslipidaemia 39.0% 36.3% 0.629
History of diabetes mellitus 11.0% 11.0% >0.999
Energy intake, kcal/day 1,696 (353) 1,613 (345) 0.042*
Maximal walking speed, m/s 1.71 (0.38) 1.69 (0.40) 0.723
One leg standing time, s 17.2 [2.9–45.3] 23.0 [5.7–46.7] 0.375
Timed up and go time, s 6.7 [5.9–7.6] 6.8 [6.0–4.9] 0.362
Hand-grip strength, kg 22.4 (4.1) 21.6 (4.3) 0.094
ASMI, kg/m2 6.09 (0.48) 6.07 (0.45) 0.629

At follow-up
eGFR, mL/min/1.73 m2 65.2 (15.4) 66.0 (14.0) 0.630
BMI, kg/m2 24.1 (3.8) 24.1 (3.4) 0.852
HbA1c, % 6.0 (0.8) 5.8 (0.5) 0.075
Total cholesterol, mg/dL 212 (44) 208 (50) 0.455
HDL cholesterol, mg/dL 64 (14) 62 (15) 0.165
LDL cholesterol, mg/dL 119 (24) 120 (26) 0.729
History of ischaemic heart disease 5.5% 6.2% 0.803
History of hypertension 62.3% 53.4% 0.123
History of dyslipidaemia 40.4% 43.8% 0.553
History of diabetes mellitus 10.3% 11.0% 0.849
Energy intake, kcal/day 1709 (292) 1,665 (300) 0.201
Maximal walking speed, m/s 1.69 (0.44) 1.67 (0.38) 0.651
One leg standing time, s 18.7 [7.3–50.5] 19.5 [8.4–46.0] 0.865
Timed up and go time, s 6.7 [5.9–8.3] 6.9 [6.1–8.4] 0.434
Hand-grip strength, kg 22.9 (4.3) 21.6 (4.6) 0.016*
ASMI, kg/m2 6.06 (0.54) 5.98 (0.56) 0.247
Low muscle mass a 8.2% 15.1% 0.068

Data are presented as the mean (standard deviation), median [interquartile range], or prevalence.
ASMI, appendicular skeletal muscle mass index; BMI, body mass index; CAF, C-terminal agrin fragment; eGFR, estimated glomerular filtra-
tion rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
aLow muscle mass, defined as ASMI <5.4 kg/m2.
*P < 0.05.
**P < 0.01.
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not with low muscle strength. We believe that this retrospec-
tive cohort study is the first to investigate the longitudinal as-
sociation between blood levels of CAF and incident loss of
muscle mass or strength. In the longitudinal analysis, we
found that higher CAF110 levels were marginally associated
with an increased risk of incident low muscle mass approxi-
mately 4 years later. Hence, CAF110 may be a useful predictor
of future muscle mass loss in older women.

Although higher CAF110 levels were associated with an in-
creased prevalence of low muscle mass, the same was not
observed between CAF110 levels and low muscle strength.
In previous studies by Steinbeck et al.,19,20 higher levels of
CAFs 22 and 110 and their sum (i.e. total CAF) were associ-
ated with low muscle mass and strength among patients
with heart failure. However, to the best of our knowledge,
no study has investigated the association between CAF110
and muscle loss among community-dwelling older adults.
Higher CAF22 levels have been associated with low muscle
mass among community-dwelling older adults.12,14–16 In
one of these studies,15 a higher CAF22 level was also associ-

ated with low muscle strength; however, other studies14,16

did not find a significant association between CAF22 and
muscle strength. The contradictory findings in the associa-
tion between CAF22 and muscle strength may be explained
by the age differences of the participants. Studies that re-
ported a significant association between CAF level and mus-
cle strength consisted of older community-dwelling people
(mean age >85 years),15 compared with the age of other
participants in other previous studies (mean age, 76 years14

and 64 years16), as well as the present study (mean age,
75 years).

A plausible explanation for the lack of association between
CAF levels and muscle strength in our study may be related to
compensatory nerve sprouting. Despite the denervation of
skeletal muscle due to NMJ degeneration, compensatory
nerve sprouting may preserve muscle strength to some extent
but decrease muscle mass.7,29 In this situation, when blood
CAF levels increase owing to NMJ degeneration, loss of muscle
mass may occur, but muscle strength may remain unchanged
to some extent.14,16 In older community-dwelling people15 or

Table 4 The crude odds ratios of the variables at baseline for incident low muscle mass and low muscle strength in the longitudinal analysis

Crude OR P-value

Dependent variable: incident low muscle mass
Age (per 5-year increase) 0.92 (0.65–1.28) 0.609
BMI (per 1SD decrease) 1.88 (1.18–2.99) 0.007**
eGFR (per 1SD decrease) 0.94 (0.66–1.34) 0.723
HbA1c (per 1SD increase) 1.07 (0.76–1.50) 0.716
Total cholesterol (per 1SD increase) 1.17 (0.87–1.57) 0.308
HDL cholesterol (per 1SD increase) 1.31 (0.93–1.85) 0.126
LDL cholesterol (per 1SD increase) 1.17 (0.82–1.68) 0.377
History of ischaemic heart disease, 0.75 (0.09–6.06) 0.789
History of hypertension 0.57 (0.28–1.18) 0.131
History of dyslipidemia 2.32 (1.13–4.79) 0.022*
History of diabetes mellitus 1.48 (0.53–4.13) 0.459
Energy intake (per 1SD decrease) 0.86 (0.62–1.19) 0.362
Maximal walking speed (per 1SD decrease) 0.92 (0.64–1.32) 0.656
Lower half in one-leg stand time 0.50 (0.24–1.05) 0.069
Upper half in timed up and go test 1.00 (0.49–2.04) >0.999
Hand-grip strength (per 1SD decrease) 1.56 (1.08–2.27) 0.018*

Dependent variable: incident low hand-grip strength
Age (per 5-year increase) 2.85 (1.80–4.54) <0.001**
BMI (per 1SD decrease) 0.72 (0.49–1.08) 0.112
eGFR (per 1SD decrease) 1.59 (0.98–2.60) 0.063
HbA1c (per 1SD increase) 1.14 (0.76–1.71) 0.541
Total cholesterol (per 1SD increase) 1.01 (0.65–1.58) 0.960
HDL cholesterol (per 1SD increase) 0.76 (0.47–1.24) 0.266
LDL cholesterol (per 1SD increase) 1.00 (0.63–1.57) 0.993
History of ischaemic heart disease, 3.63 (0.72–18.34) 0.120
History of hypertension 2.49 (0.93–6.69) 0.069
History of dyslipidemia 0.41 (0.13–1.26) 0.119
History of diabetes mellitus 1.04 (0.23–4.73) 0.961
Energy intake (per 1SD decrease) 1.20 (0.72–2.01) 0.475
Maximal walking speed (per 1SD decrease) 2.95 (1.77–4.91) <0.001**
Lower half in one-leg stand time 4.41 (1.44–13.52) 0.027*
Upper half in timed up and go test 3.23 (1.14–9.15) 0.010*
ASMI (per 1SD decrease) 1.04 (0.66–1.64) 0.871

Data are presented as the odds ratio (95% confidence interval).
1SD, one standard deviation; ASMI, appendicular skeletal muscle mass index; BMI, body mass index; eGFR, estimated glomerular filtration
rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
*P < 0.05.
**P < 0.01.
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patients with heart failure,19,20 we speculate that CAF
levels were associated with muscle strength since the further
acceleration of NMJ degeneration may lead to loss of muscle
strength.

In the cross-sectional analysis, participants in the higher
CAF110 level tertile group were younger and had a higher
frequency of low muscle mass. An unexpected finding was
that the CAF110 values were negatively correlated with
age. In a previous study,12 CAF22 levels were not correlated
with age among older people without sarcopenia; even
among people with sarcopenia, only a slight tendency was
observed between CAF22 and age. Agrin has two cleavage
sites: cleavage at the alpha site produces CAF110, whereas
cleavage at the beta site produces CAF22.30 Although the
mechanism controlling the amount of CAF110 secreted into
the bloodstream remains unclear, we speculate that the
increase in the amount of released CAF110 may likely occur
in relatively younger people, thereby negatively affecting the
maintenance of the NMJ structure. The cleavage of CAF110
at its beta site generates CAF22 and CAF90. CAF22, the
terminal product of agrin cleavage, has a reduced capacity
to induce acetylcholine receptor (AChR) aggregation.31

In contrast, CAF110, an intermediate product of agrin cleav-
age, can induce AChR aggregation, similar to full-length
agrin.31

CAF110 levels were not correlated with eGFR levels in the
present study. This finding supported the presumption that
the CAF110 level is not affected by kidney dysfunction.18 Pre-
vious studies reported a significant correlation between
CAF22 and kidney function among patients with heart
failure19 and that the sum of CAF22 and CAF110 also had a
significant correlation with kidney function in patients with
diabetes mellitus.18 However, the correlation between
CAF22 and kidney function was not found among healthy in-
dividuals in a previous report.32 Therefore, CAF22 might be
more affected by kidney function in patients with heart
failure or diabetes mellitus, which may induce kidney dys-
function. In patients with these diseases, the prevalence of
sarcopenia is higher than that in community-dwelling older
adults.33,34 Additionally, the loss of muscle mass or strength
is a risk factor for hospitalization or disability among patients
with diabetes mellitus35 and for hospitalization or death
among patients with heart failure.33 Therefore, the prediction
of sarcopenia among patients with these diseases is critical.
Further studies should evaluate CAF110 levels as a predictive
marker of sarcopenia in patients with diabetes and heart
failure.

A DXA test, which is the gold standard for measuring mus-
cle mass, was used to measure muscle mass in the present
study. However, other investigators have suggested that
DXA may underestimate age-related muscle decline, com-
pared with magnetic resonance imaging.36 In one study,36

the magnitude of the difference in thigh lean mass between
young and older participants was smaller with DXA than with

an MRI assessment. However, regarding longitudinal changes
in muscle mass over 5 years, DXA and MRI show a similar per-
centage of decline in muscle mass.37 Therefore, a careful in-
terpretation is required, based on the potential underestima-
tion of the prevalence of low muscle mass.

The present study has some limitations. First, this study
had a limited number of participants. Particularly, for the
longitudinal analysis, the participants were included based
on their completion of the surveys in 2011/2012 and in
2015–2017. This factor may have caused selection bias
and survival bias. Second, the follow-up period was re-
stricted to approximately 4 years. Therefore, the incidence
rates of low muscle mass or muscle strength were low.
Third, all participants were women. The relationship be-
tween the CAF22 level and muscle mass or strength has
been reported to differ between the sexes.16 Therefore, fur-
ther studies with longer follow-up periods and including
both sexes are required.

The major strength of this study was that muscle mass was
measured by a single experienced radiologic technologist
using a single DXA scanner. Additionally, hand-grip strength
was measured using a single type of equipment, according
to the prescribed protocol.

In conclusion, in the present study, we found that a higher
CAF110 level was associated with low muscle mass, but not
with low muscle strength, among Japanese community-
dwelling older women. This finding indicates that CAF110
may be a potential marker for the risk of low muscle mass.
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