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High brain natriuretic peptide is associated with
sarcopenia in patients with type 2 diabetes: a cross-
sectional study of KAMOGAWA-DM cohort study
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Abstract. Association between heart failure and sarcopenia has been reported, however, the association between sarcopenia
and brain natriuretic peptide (BNP) is unclear. Thus, we investigated the association between sarcopenia and BNP in type 2
diabetic patients without heart failure. In this cross-sectional study, skeletal muscle mass index (SMI, kg/m?) was calculated as
appendicular muscle mass, measured by bioimpedance analyzer, by the square of the height. Sarcopenia was defined as
having both handgrip strength of <26 kg for men and <18 kg for women, and SMI of <7.0 kg/m? for men and <5.7 kg/m? for
women. To investigate the impact of BNP levels on the presence of sarcopenia, propensity-score matching analysis was used
to remove the bias of confounding variables, including age, sex, duration of diabetes, body mass index, exercise, systolic
blood pressure, smoking status, hemoglobin Alc, creatinine, energy and protein intake. The area under the curve (AUC) of
BNP levels for the presence of sarcopenia was calculated by the receiver operating characteristic curve (ROC). Among 433
patients (236 men and 65.4 (11.1) years), 32 patients (7.4%) were diagnosed as sarcopenia. In the propensity-matched 58
patients, BNP levels (A10 pg/mL incremental) were associated with the presence of sarcopenia by logistic regression analysis,
(odds ratio: 1.56, 95% confidence interval: 1.14-2.13, p = 0.002). The optimal cut-off point of BNP levels for sarcopenia is
27.3 pg/mL (AUC 0.777, 95%CI, 0.691-0.863, sensitivity = 0.813, specificity = 0.736, p < 0.001). In conclusion, BNP levels

were associated with sarcopenia in type 2 diabetic patients without heart failure.
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THE NUMBER of patients with type 2 diabetes is
sharply increasing, and geriatric syndromes such as
frailty and sarcopenia with ageing are common in them
[1]. Sarcopenia, which is known as loss of muscle mass
and muscle function, leads to motor function disorder,
falls, fractures and difficulty in daily life [2, 3]. It has
also been reported that sarcopenia is the risk of cardio-
vascular disease and death [4, 5].

Several studies previously demonstrated that the prev-
alence and incidence of heart failure in patients with dia-
betes was higher than that in people without [6, 7]. In
addition, cardiovascular disease typified by heart failure
is a one of common causes of death in general elderly
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people [8] and this also applies to patients with type 2
diabetes [6]. In fact, the association between heart failure
and sarcopenia has been reported [9, 10].

On the other hand, brain natriuretic peptide (BNP) is
often used as a biomarker of heart failure because it is an
organs and diseases-specific indicator and useful not
only for diagnosis and prognostic predictive index but
also for a therapeutic index of heart failure [11, 12].
However, few studies demonstrated the association
between sarcopenia and increased BNP levels in patients
without heart failure. Thus, we aimed to investigate the
association between sarcopenia and BNP levels in patients
with type 2 diabetes without chronic heart failure.

Materials and Methods

Study patients

KAMOGAWA-DM cohort study is a prospective
cohort study from 2014 and currently in progress [13].
We enrolled patients with type 2 diabetes without physi-
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cal inactivity, who were recruited from the outpatient
clinics at the Kyoto Prefectural University of Medicine
and Kameoka Municipal Hospital from August 2015 to
September 2017 in this cross-sectional study. We exclud-
ed obese patients with a body mass index (BMI) of equal
to or more than 30 kg/m? [14], patients with chronic kid-
ney disease (CKD) of estimated glomerular filtration rate
(eGFR) <30 mL/min/1.73 m? [15] and patients who took
diuretics [16] because these conditions would influence
BNP levels. Moreover, we defined patients with heart
failure as those with class NYHA II-1V cardiac insuffi-
ciency [17] and with BNP levels equal to or more than
100 pg/mL [18], and we excluded the patients falling
under the definition. In addition, none of the patients had
atrial fibrillation in this study. Written informed consent
was obtained from all patients and approval for the study
was obtained from the local research ethics committee.

Estimation and assessment of habitual food and
nutrient intake

In this study, we used the brief-type self-administered
diet history questionnaire (BDHQ) to assess the habitual
food and nutrient intake [19]. The details of BDHQ were
expressed elsewhere [19]. Briefly, the 58 food items
intake and calculation of estimated energy, carbohydrate,
protein and fat intake were performed by an ad hoc com-
puter algorithm for the BDHQ based on Standard Tables
of Food Composition in Japan [20]. Dietary total energy
(kcal/day), carbohydrate (g/day), total protein (g/day), fat
(g/day) and alcohol (g/day) intake were estimated using
this calculation program of BDHQ. The patients who
reported extremely low (under 600 kcal) or high (over
4,000 kcal) energy intake were also excluded [21].

Lifestyle factors and medications

We performed a standardized questionnaire to all
patients. Patients were divided into nonsmoker, ex-
smoker and current smoker. In addition, patients reported
the kind and frequency of their participation in sports or
recreational activities on the questionnaire [22]. We cate-
gorized the patients, who performed any kind of sport
regularly at least once a week, as regular exercisers [23].
In addition, patients reported the kind of oral hypoglyce-
mic agent and the presence of insulin use on the ques-
tionnaire.

Data collection

Patients underwent the measurement of the concentra-
tions of several factors, including fasting plasma glucose,
creatinine and C-peptide after an overnight fast, using
venous blood. Hemoglobin Alc (HbAlc) was showed as
a National Glycohemoglobin Standardization Program
unit and analyzed using high-performance liquid chro-

matography. BNP levels were measured by chemilumi-
nescent enzyme immunoassay. We used the Japanese
Society of Nephrology equation for eGFR: eGFR (mL/
min/1.73 m?) = 194 x serum creatinine™!%* x age 0%’
(x0.739 for women) [24].

Body composition of patients was evaluated using the
body composition analyzer with a multifrequency imped-
ance called InBody 720 (InBody Japan, Tokyo, Japan)
[25]. The multifrequency impedance analyzer is shown a
good correlation with the dual-energy X-ray absorptiom-
etry method and was validated [26]. We collected the
data of body weight (BW, kg), skeletal muscle mass (kg),
appendicular muscle mass (kg) and body fat mass (kg).
Then, skeletal muscle mass index (SMI, kg/m?) was cal-
culated by dividing appendicular muscle mass (kg) by
the square of the height (m) [27, 28]. Body mass index
(BMI) was defined as body weight (kg) by dividing the
square of the height (m). Ideal body weight was defined
as the square of the height (m) multiplied by 22 [29].

Definition of sarcopenia

We diagnosed sarcopenia with grip strength and SMI
based on algorithms proposed by Asian working group
for sarcopenia or Japanese Association on Sarcopenia
and Frailty [27]. Grip strength was measured using a
Smedley grip dynamometer, and the cut-off values was
set to <26 kg for men and <18 kg for women. Moreover,
the cut-off values of SMI was set to <7.0 kg/m? for men
and <5.7 kg/m? for women. We diagnosed patients with
both of two benchmarks as sarcopenia.

Statistical analysis

Statistical analyses were preformed using JMP version
12.0 software (SAS Institute Inc., Cary, North Carolina)
and EZR (Saitama Medical Center, Jichi Medical Uni-
versity, Saitama, Japan), which is a graphical user inter-
face for R (The R Foundation for Statistical Computing,
Vienna, Austria). A p value <0.05 was considered statis-
tically significant. Mean or frequencies of potential con-
founding variables were calculated, and continuous
variables were presented as the mean (standard devia-
tion, SD). Correlation coefficients were analyzed using
Spearman’s rank correlation coefficient and we calculat-
ed correlation coefficient between BNP levels, and skele-
tal muscle index and grip strength. Univariate logistic
regression analyses were performed to investigate the
effect of various factors, including BNP levels (A10
pg/mL incremental). The number of patients might be
small for statistical analysis. Therefore, propensity scores
were used to preserve statistical power. The dependent
variable was the presence of sarcopenia for the assess-
ment of the propensity score. The propensity score was
calculated using multivariable logistic regression models
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Initial registration
N =525 (291 men and 234 women)

Exclusion: N = 92 (55 men and 37 women)
Unreturned of BDHQ: N =6

Incomplete data: N = 14

eGFR <30 mL/min/1.73 m2: N = 13

Class NYHA [I-1V cardiac insufficiency: N =9
BNP = 100 pg/mL: N = 19

Use of diuretics: N = 24

Hyper-and hypo-nutrition: N =7

Study population
N = 433 (236 men and 197 women)

Fig. 1 Study flow diagram for the registration of patients

BDHQ, brief-type self-administered diet history questionnaire; BNP, brain natriuretic peptide; eGFR, estimated glomerular

filtration rate

including the following parameters: age, sex, duration of
diabetes, body mass index, exercise, systolic blood pres-
sure, smoking status, hemoglobin Alc, creatinine, energy
and protein intake [30]. The c-statistic for the propensity
score model was 0.80, which shows an acceptable dis-
crimination. Moreover, nearest neighbor matching with a
maximum caliper of 0.20 of the propensity score was
performed for the propensity score matching. Lastly, 58
patients were selected for the propensity-matched popu-
lation, and we calculated the odds ratio for the presence
of sarcopenia by logistic regression analysis. Further-
more, we calculated the odds ratio for the presence of
sarcopenia by logistic regression analysis as sub-analysis
by age more than or equal to and less than 75 years old.

Additionally, the area under the curve (AUC) of BNP
levels for the presence of sarcopenia was calculated by
the receiver operating characteristic (ROC) curve.

Results

In this study, 525 patients (291 men and 234 women)
with type 2 diabetes received BDHQ. Among them, a
total of 519 patients completed the questionnaire, yield-
ing a collection rate of 98.9 %. We excluded 14 patients
with incomplete data of covariates, 13 patients with

eGFR less than 30 mL/min/1.73 m?, 19 patients with
BNP levels equal to or more than 100 pg/mL, 24 patients
who took diuretics, 9 patients with class NYHA II-1V
cardiac insufficiency and 7 patients with hyper- and
hypo-nutrition. Finally, the study population was 433
patients (236 men and 197 women) (Fig. 1).

Clinical characteristics of 433 patients with type 2 dia-
betes are shown in Table 1. Among them, 32 patients
were diagnosed as sarcopenia. The average (SD) of age
and HbAlc were 73.8 (5.8) years and 7.7 (1.5)% in
patients with sarcopenia, and 64.8 (11.1) years and 7.6
(1.6)% in patients without sarcopenia, respectively. In
addition, the average (SD) of BNP levels in patients with
sarcopenia was higher than that in patients without (42.0
(23.3) vs. 21.1 (18.1) pg/mL, p < 0.001).

In addition, in analyses using Spearman’s rank corre-
lation coefficient, BNP levels were negatively associated
with skeletal muscle index and grip strength both in men
and women (men: » =—-0.454, p < 0.001, » =-0.376, p <
0.001, women: » = —-0.215, p = 0.010, » = -0.193, p =
0.007).

Unadjusted ORs and 95% CIs of the presence of sar-
copenia are shown in Table 2. BNP levels (A10 pg/mL
incremental) was positively associated with the presence
of sarcopenia (OR: 1.50, 95% CI: 1.29-1.74, p < 0.001).



372 Okamura ef al.

Table 1 Clinical characteristics of study patients

Total

Patients with Patients without

(n=433) sarcopenia (n = 32) sarcopenia (n = 401) p value
Sex (men/women) 236/197 16/16 220/181 0.595
Age (year) 65.4 (11.1) 73.8 (5.8) 64.8 (11.1) <0.001
Body weight (kg) 64.4 (14.4) 50.7 (9.1) 65.6 (14.2) <0.001
Body mass index (kg/m?) 25.0 (4.7) 21.4(3.2) 25.4 (4.6) <0.001
Skeletal muscle mass (kg) 24.1(5.7) 18.7 (3.2) 24.5(5.7) <0.001
Appendicular muscle mass (kg) 18.2 (4.7) 13.8(2.9) 18.6 (4.6) <0.001
Skeletal muscle mass index (kg/m?) 7.0 (1.2) 5.7 (0.7) 7.1(1.2) <0.001
Grip strength (kg) 29.0 (9.9) 16.9 (5.5) 29.9(9.5) <0.001
Body fat mass (kg) 19.2 (8.6) 15.0 (6.2) 19.6 (8.7) <0.001
Smoking (non-/ex-/current smoker) 339/50/44 29/1/2 310/49/42 0.127
Regular exerciser (no/yes) 370/63 28/4 342/59 0.653
Systolic blood pressure (mmHg) 129.5 (15.5) 123.1 (14.0) 129.9 (15.5) 0.033
Diastolic blood pressure (mmHg) 70.9 (11.6) 60.8 (7.8) 71.8 (11.5) 0.002
Disease duration (year) 10.3 (10.1) 14.6 (14.5) 9.9 (9.6) 0.004
Plasma glucose (mmol/L) 8.6 (3.3) 8.5(0.4) 9.1 (0.6) 0.147
Hemoglobin Alc (%) 7.6 (1.6) 7.7 (1.5) 7.6 (1.6) 0.348
Creatinine (pmol/L) 69.4 (19.4) 69.9 (13.0) 69.4 (19.8) 0.897
eGFR (mL/min/1.73 m?) 72.3(17.9) 68.7 (15.8) 72.5 (18.1) 0.266
C-peptide (nmol/L) 0.7 (0.5) 0.6 (0.1) 0.7 (0.1) 0.002
C-peptide index 8.5(6.1) 6.3(1.2) 9.1(0.6) 0.046
BNP (pg/mL) 22.6 (19.3) 42.0 (23.3) 21.1(18.1) <0.001
Energy intake (kcal) 1,762.4 (629.7) 1,500.2 (441.8) 1,779.8 (636.1) 0.037
Protein intake (g/day) 72.2 (30.9) 61.8 (18.8) 72.9 (31.4) 0.123
Animal protein intake (g/day) 42.6 (22.6) 36.4 (14.5) 43.0 (23.0) 0.326
Vegetable protein intake (g/day) 28.6 (10.1) 25.5(8.3) 28.8 (10.2) 0.276
Fat intake (g/day) 51.7 (21.1) 40.1 (16.3) 52.4(21.2) 0.027
Carbohydrate intake (g/day) 228.4 (86.9) 204.9 (81.8) 229.9 (87.3) 0.283
Alcohol intake (g/day) 7.4 (16.7) 5.2 (14.4) 7.7 (16.9) 0.328

Data was expressed as mean (SD) or number. Wilcoxon test for continuous variables or the chi-square test for categorical variables was
performed to assess statistical significance of differences between groups. BNP, brain natriuretic peptide; eGFR, estimated glomerular

filtration rate.

Clinical characteristics of propensity-matched 58
patients (27 men and 31 women) according to the pres-
ence of sarcopenia were showed in Table 3. By logistic
regression analysis, BNP levels (A10 pg/mL incremen-
tal) were associated with the presence of sarcopenia
(odds ratio: 1.56, 95% confidence interval: 1.14-2.13, p
= 0.002). In addition, we performed sub-analyses by age
more than or equal to and less than 75 years old in
propensity-matched patients. The unadjusted odds ratio
for the presence of sarcopenia in propensity-matched

patients aged less than 75 years old was 1.76 (95% CI:
1.13-2.73, p = 0.012), and that in the patients more than
or equal to 75 years old was 1.51 (95% CI: 0.93-2.44, p
=0.092).

According to the ROC analysis, the optimal cut-off
point of BNP levels for the presence of sarcopenia was
27.3 pg/mL (AUC 0.777 (95%CI: 0.691-0.863, sensitiv-
ity = 0.813, specificity = 0.736, p < 0.001) (Fig. 2).



Table 2 Univariate logistic regression analyses for sarcopenia in overall patients

BNP and sarcopenia

Unadjusted odds ratio

(95%CI) p value
Age (year) 1.12 (1.07-1.18) <0.001
Men 0.82 (0.40-1.69) 0.596
Duration of diabetes (year) 1.04 (1.01-1.08) 0.007
Body mass index (kg/m?) 0.75 (0.66—0.85) <0.001
Regular exerciser 0.77 (0.25-2.36) 0.646
Systolic blood pressure (mmHg) 0.97 (0.95-0.99) 0.029
Ex-smoker 0.19 (0.02—1.44) 0.108
Current smoker 0.44 (0.10-1.96) 0.281
Hemoglobin Alc (%) 1.10 (0.90-1.35) 0.366
Creatinine (umol/L) 1.05 (0.48-2.33) 0.898
Energy intake (kcal/kg IBW/day) 0.98 (0.93-1.03) 0.496
Protein intake (g/kg IBW/day) 0.99 (0.40-2.45) 0.976
BNP (10 pg/mL) 1.50 (1.29-1.74) <0.001

BNP, brain natriuretic peptide; IBW, ideal body weight.

Exercise was defined as nonregular exerciser (0) or regular exerciser (1) and
smoking status was defined as nonsmoker (0), ex-smoker (1) current smoker (2).

Table 3 Clinical characteristics of propensity-matched patients according to the presence of sarcopenia

Patients with

Patients without

sarcopenia (n = 29) sarcopenia (n = 29) p value
Sex (men/women) 14/15 13/16 0.792
Age (year) 73.1(5.5) 73.8(5.8) 0.612
Body mass index (kg/m?) 21.8 (2.9) 22.1(34) 0.738
Skeletal muscle mass index (kg/m?) 5.8 (0.6) 6.2 (0.8) 0.059
Grip Strength (kg) 16.9 (9.5) 25.4(7.1) <0.001
Smoking (non-/ex-/current smoker) 22/4/3 25/3/1 0.501
Regular exerciser (no/yes) 25/4 23/6 0.486
Systolic blood pressure (mmHg) 124.6 (14.5) 125.4 (14.8) 0.838
Disease duration (year) 14.0 (13.7) 14.2 (12.0) 0.960
Plasma glucose (mmol/L) 9.0 (3.0) 8.1(2.7) 0.245
Hemoglobin Alc (%) 7.6 (1.3) 7.8 (2.1) 0.717
Creatinine (pmol/L) 68.9 (12.0) 69.4 (18.8) 0.902
eGFR (mL/min/1.73 m?) 67.7 (16.8) 68.8 (16.1) 0.931
Energy intake (kcal) 1,464.4 (442.6) 1,514.6 (444.9) 0.669
Protein intake (g/day) 61.4 (19.6) 62.5(23.0) 0.850
BNP (pg/mL) 41.5(23.0) 24.7 (16.2) 0.002

Data was expressed as mean (SD) or number. Wilcoxon test for continuous variables or the chi-square test
for categorical variables was performed to assess statistical significance of differences between groups.

BNP, brain natriuretic peptide; eGFR, estimated glomerular filtration rate.
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Fig.2 Area under the receiver operating characteristic (ROC)

curve (AUC) [95% confidence interval (CI)] of brain
natriuretic peptide (BNP) levels for the presence of
sarcopenia

The optimal cut-off point of BNP levels for the presence
of sarcopenia is 27.3 pg/mL (AUC 0.777 (95%CI, 0.691—
0.863, sensitivity = 0.813, specificity = 0.736, p <0.001).

Discussion

We demonstrated that high BNP levels were associ-
ated with the presence of sarcopenia in patients with type
2 diabetes. Although several previous studies revealed
the association between muscle loss and heart failure
[10, 31, 32], to our knowledge, the present study is the
first survey to clarify the association between sarcopenia
and BNP levels in type 2 diabetic patients without
chronic heart failure.

The possible explanation of the association between
BNP levels and sarcopenia is as follows. The common
pathogenesis of sarcopenia and heart failure include
inflammatory cytokines. Several studies revealed the
association between elevation of inflammatory cyto-
kines, such as TNF-qa, IL-p and IL-6, and heart failure
[33, 34]. In addition, the increase of inflammatory cyto-
kines was revealed to be the prognosticator for heart
failure [35, 36] and severe cardiac disease [37]. One of
the reasons that the inflammatory cytokines increase in
patients with heart failure is inflammatory response of
adipose tissue which is provoked by the upregulation of
sympathetic nervous system because of the chronic
pressure overload [38]. Moreover, BNP levels them-
selves are associated with the inflammation and it was
reported that the secretion of BNP is induced by
increased TNF-a [39, 40]. BNP is known as an anti-
inflammatory hormone [41-43]. Therefore, the associa-

Okamura et al.

tion of high BNP and sarcopenia apparently seems
contradictory. However, there is a possibility that BNP is
elevated in order to reduce the function of inflammatory
cytokines induced by sarcopenia. Therefore, elevating
BNP level is associated with inflammation, even without
having heart failure. On the other hand, some previous
studies reported that the inflammatory cytokines activate
NF-xf in skeletal muscles and increase the ubiquitin
ligase, i.e. MuRF-1 and Atrogin-1, which promote pro-
tein catabolism [37, 44]. TNF-a is associated with
muscle loss in animal studies [33]. In fact, BNP levels
were negatively associated with BMI in men (r =—-0.373,
p < 0.001) and women (» = —0.185, p = 0.011) in this
study. A previous study reported that BNP levels is nega-
tively associated with BMI [45]. Adipocytes highly
express natriuretic peptide clearance receptors-C, which
is the basis for low serum BNP levels is associated with
fat mass [46]. In fact, body fat mass is negatively associ-
ated with BNP levels both in men (» =-0.373, p <0.001)
and women (r = —0.185, p = 0.011). In addition, BNP
levels were negatively associated with SMI both in men
(r = -0.404, p < 0.001) and women (r = —0.244, p <
0.001) in this study. Other groups demonstrated the
direct association between elevation of inflammatory
cytokines and sarcopenia with heart failure [10, 47, 48].
Taken together, the inflammatory cytokines are supposed
to be associated with pathogenesis both of heart failure
i.e. increased BNP levels and sarcopenia. In sub-analyses
by age, BNP levels were significantly associated with the
presence of sarcopenia in patients less than 75 years old,
whereas it was not significant in those more than or
equal to 75 years old. This might be because the number
of more than or equal to 75 years old patients with type
2 diabetes was small (only 78 patients). Moreover,
Sayama, et al. [49] reported that BNP levels in elderly
patients, mean age of which was 82 years old, without
heart failure are greater than those in younger patients
because of renal dysfunction and systolic dysfunction.
Therefore, there might not be a significant association
between BNP levels and the presence of sarcopenia in
more than or equal to 75 years old patients.

In this study, we showed that the value of BNP levels
of 27.7 pg/mL is a cut-off value for the presence of sar-
copenia in patients without heart failure. The value of
BNP levels less than 40 ng/mL is extremely unlikely to
have heart failure, which is seemingly normal level [18].
However, it was revealed that there is a possibility of
sarcopenia even with such low BNP levels.

The strength of our study was to assess nutrient intake
using BDHQ. Reduced energy and protein intake were
demonstrated to be associated with decreased skeletal
muscle mass [50-52] and the assessment of nutrient
intake is necessary to discuss sarcopenia. In our study,
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BNP levels were significantly associated with sarcopenia
even after adjusting for energy and protein intake and the
other covariates. Our study has some limitations. First,
we defined heart failure by BNP levels and symptom.
The mean value of BNP was 42 pg/mL in patients with
sarcopenia in this study, suggesting that there was a
possibility that some of them were slight heart failure.
Thus, to rule out heart failure, including heart failure
with preserved ejection fraction, the cardiac echocardio-
gram is desirable. Second, the accuracy of diet survey
depends on the memorial power of patients, because the
data were based on the self-reported questionnaires.
However, BDHQ was correlated with energy and protein
intake evaluated by the 16-day-weighed dietary record
[19]. Third, we did not use walking speed for diagnose
sarcopenia. Thus, there is a possibility of underestima-
tion of sarcopenia. Fourth, this study was a cross-
sectional design; thus, this study did not permit the
determination of causality. Additionally, although it has
been postulated that diabetes may be an important factor
in sarcopenia development, the relationship is unclear
since the opposite maybe also true [53]. To clarify these
causal relationships, follow up data are necessary. Sixth,
we used dichotomous value for exercise, because we did
not have detailed data of exercise or physical activity.
Lastly, it is unclear whether this result applies to patients
other than Japanese.

In conclusion, BNP levels were associated with the
presence of sarcopenia in patients with type 2 diabetes.
In addition, the value of BNP levels of 27.7 pg/mL is a
cut-off for the presence of sarcopenia in patients without
heart failure. We should pay attention to the possibility
of the presence of sarcopenia even in patients with
slightly increasing BNP levels. Further prospective stud-
ies are needed to better asses the relationship between
sarcopenia and the severity of heart failure in patients
with type 2 diabetes.

Acknowledgment

We thank all staff members in the Kyoto Prefectural
University of Medicine and Kameoka Municipal Hospital.

Disclosure

Funding
This research did not receive any funding from agen-
cies in the public, commercial, or not-for-profit sectors.

Conflict of Interenst

Yoshitaka Hashimoto received grants from the Fuji
Foundation for Protein Research, outside the submitted
work. Michiaki Fukui reports grants from AstraZeneca plc,
grants from Astellas Pharma Inc., grants from Nippon
Boehringer Ingelheim Co., Ltd., grants from Daiichi
Sankyo Co., Ltd., grants from Eli Lilly Japan K.K.,
grants from Kyowa Hakko Kirin Company Ltd., grants
from Kissei Pharmaceutical Co., Ltd., grants from MSD
K.K., grants from Mitsubishi Tanabe Pharma Corpora-
tion, grants from Novo Nordisk Pharma Ltd., grants from
Sanwa Kagaku Kenkyusho Co., Ltd., grants from Sanofi
K.K., grants from Ono Pharmaceutical Co., Ltd., and
grants from Takeda Pharmaceutical Co., Ltd., outside the
submitted work. The sponsors were not involved in the
study design; in the collection, analysis, interpretation of
data; in the writing of this manuscript; or in the decision
to submit the article for publication. The authors, their
immediate families, and any research foundations with
which they are affiliated have not received any financial
payments or other benefits from any commercial entity
related to the subject of this article. The authors declare
that although they are affiliated with a department that is
supported financially by pharmaceutical company, the
authors received no current funding for this study and
this does not alter their adherence to all the journal poli-
cies on sharing data and materials. The other authors
have nothing to disclose.

Reference

1. Kim TN, Park MS, Yang SJ, Yoo HJ, Kang HIJ, et al.
(2010) Prevalence and determinant factors of sarcopenia
in patients with type 2 diabetes: the Korean Sarcopenic
Obesity Study (KSOS). Diabetes Care 33: 1497-1499.

2. Delmonico MJ, Harris TB, Lee J-S, Visser M, Nevitt M, et
al. (2007) Alternative definitions of sarcopenia, lower
extremity performance, and functional impairment with
aging in older men and women. J Am Geriatr Soc 55:
769-774.

3. Goodpaster BH, Park SW, Harris TB, Kritchevsky SB,

Nevitt M, et al. (2006) The loss of skeletal muscle
strength, mass, and quality in older adults: the health,
aging and body composition study. J Gerontol A Biol Sci
Med Sci 61: 1059-1064.

4. Atkins JL, Whincup PH, Morris RW, Lennon LT,
Papacosta O, et al. (2014) Sarcopenic obesity and risk of
cardiovascular disease and mortality: a population-based
cohort study of older men. J Am Geriatr Soc 62: 253-260.

5. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y,
Cederholm T, et al. (2010) Sarcopenia: European consen-



376

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

Okamura et al.

sus on definition and diagnosis: report of the European
Working Group on Sarcopenia in Older People. Age Age-
ing 39: 412-423.

Nakamura J, Kamiya H, Haneda M, Inagaki N, Tanizawa
Y, et al. (2017) Causes of death in Japanese patients with
diabetes based on the results of a survey of 45,708 cases
during 2001-2010: report of the committee on causes of
death in diabetes mellitus. J Diabetes Investig 8: 397-410.
Nichols GA, Hillier TA, Erbey JR, Brown JB (2001) Con-
gestive heart failure in type 2 diabetes: prevalence, inci-
dence, and risk factors. Diabetes Care 24: 1614-1619.
Ministry of Health Labor and Welfare (2017) Vital statis-
tics in Japan, Retrived Feb 12, 2018, from https://
www.mhlw.go.jp/toukei/saikin/hw/jinkou/other/15sibou/
index.html (in Japanese).

von Haehling S, Steinbeck L, Doehner W, Springer J,
Anker SD (2013) Muscle wasting in heart failure: an over-
view. Int J Biochem Cell Biol 45: 2257-2265.

Fulster S, Tacke M, Sandek A, Ebner N, Tschope C, et al.
(2013) Muscle wasting in patients with chronic heart fail-
ure: results from the studies investigating co-morbidities
aggravating heart failure (SICA-HF). Eur Heart J 34:
512-519.

Wilson Tang WH, Francis GS, Morrow DA, Newby LK,
Cannon CP, et al. (2007) National academy of clinical
biochemistry laboratory medicine practice guidelines:
clinical utilization of cardiac biomarker testing in heart
failure. Circulation 116: €99—109.

Gheorghiade M, Adams KF, Gattis WA, Teerlink JR,
Orlandi C, ef al. (2003) Surrogate end points in heart fail-
ure trials. 4m Heart J 145: S67-S70.

Sakai R, Hashimoto Y, Ushigome E, Miki A, Okamura T,
et al. (2017) Late-night-dinner is associated with poor
glycemic control in people with type 2 diabetes: the
KAMOGAWA-DM cohort study. Endocr J 65: 395-402.
Daniels LB, Clopton P, Bhalla V, Krishnaswamy P,
Nowak RM, et al. (2006) How obesity affects the cut-
points for B-type natriuretic peptide in the diagnosis of
acute heart failure. Am Heart J 151: 999—-1005.

Vickery S, Price CP, John RI, Abbas NA, Webb MC, ef al.
(2005) B-type natriuretic peptide (BNP) and amino-
terminal proBNP in patients with CKD: relationship to
renal function and left ventricular hypertrophy. Am J Kid-
ney Dis 46: 610-620.

Palazzuoli A, Pellegrini M, Ruocco G, Martini G, Franci
B, et al. (2014) Continuous versus bolus intermittent loop
diuretic infusion in acutely decompensated heart failure: a
prospective randomized trial. Crit Care 18: R134.

Okuda S, Yano M (2011) Guidelines for treatment of
chronic heart failure (JCS 2010). Nihon Rinsho 69: 595—
604 [in Japanese].

Tsuchida K, Tanabe K (2008) Plasma brain natriuretic
peptide concentrations and the risk of cardiovascular
events and death in general practice. J Cardiol 52: 212—
223.

Kobayashi S, Murakami K, Sasaki S, Okubo H, Hirota N,
et al. (2011) Comparison of relative validity of food group

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

31.

intakes estimated by comprehensive and brief-type self-
administered diet history questionnaires against 16 d diet-
ary records in Japanese adults. Public Health Nutr 14:
1200-1211.

Ministry of Education, Culture, Sports, Science and Tech-
nology 2010. Standard Tables of Food Composition in
Japan. 7th Revised Version Tokyo, Japan: Ministry of
Education, Culture, Sports, Science and Technology [in
Japanese].

Bauer J, Biolo G, Cederholm T, Cesari M, Cruz-Jentoft
Al, et al. (2013) Evidence-based recommendations for
optimal dietary protein intake in older people: a position
paper from the PROT-AGE Study Group. J Am Med Dir
Assoc 14: 542-559.

Osaka T, Hashimoto Y, Fukuda T, Tanaka M, Yamazaki
M, et al. (2017) Relationship between skeletal muscle
mass and hepatic fibrosis in patients with type 2 diabetes.
Diabetes Metab 43: 184-186.

Hashimoto Y, Hamaguchi M, Kojima T, Ohshima Y,
Ohbora A, et al. (2015) The modest alcohol consumption
reduces the incidence of fatty liver in men: a population-
based large-scale cohort study. J Gastroenterol Hepatol
30: 546-552.

Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, et al.
(2009) Revised equations for estimated GFR from serum
creatinine in Japan. Am J Kidney Dis 53: 982-992.
Hashimoto Y, Osaka T, Fukuda T, Tanaka M, Yamazaki
M, et al. (2016) The relationship between hepatic steatosis
and skeletal muscle mass index in men with type 2 diabetes.
Endocr J 63: 877-884.

Kim M, Shinkai S, Murayama H, Mori S (2015) Compari-
son of segmental multifrequency bioelectrical impedance
analysis with dual-energy X-ray absorptiometry for the
assessment of body composition in a community-dwelling
older population. Geriatr Gerontol Int 15: 1013-1022.
Chen L-K, Liu L-K, Woo J, Assantachai P, Auyeung T-W,
et al. (2014) Sarcopenia in Asia: consensus report of the
Asian Working Group for Sarcopenia. J Am Med Dir
Assoc 15: 95-101.

Fielding RA, Vellas B, Evans WJ, Bhasin S, Morley JE, ef
al. (2011) Sarcopenia: an undiagnosed condition in older
adults. Current consensus definition: prevalence, etiology,
and consequences. International Working Group on Sarco-
penia. J Am Med Dir Assoc 12: 249-256.

Matsuzawa Y, Tokunaga K, Kotani K, Keno Y, Kobayashi
T, et al. (1990) Simple estimation of ideal body weight
from body mass index with the lowest morbidity. Diabetes
Res Clin Pract 10: S159-S164.

Okamura T, Miki A, Hashimoto Y, Kaji A, Sakai R, et al.
(2018) Shortage of energy intake rather than protein intake
is associated with sarcopenia in elderly patients with type
2 diabetes: a cross-sectional study of the KAMOGAWA-
DM cohort. J Diabete. doi: 10.1111/1753-0407.12874.
Mangner N, Weikert B, Bowen TS, Sandri M, Hoéllriegel
R, et al. (2015) Skeletal muscle alterations in chronic
heart failure: differential effects on quadriceps and dia-
phragm. J Cachexia Sarcopenia Muscle 6: 381-390.



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

BNP and sarcopenia

Ko BJ, Chang Y, Kang JG, Kim J, Jung HS, ef al. (2018)
Low relative muscle mass and left ventricular diastolic
dysfunction in middle-aged adults. /nt J Cardiol 255: 118—
123.

Tracey KJ, Morgello S, Koplin B, Fahey TJ, Fox J, et al.
(1990) Metabolic effects of cachectin/tumor necrosis fac-
tor are modified by site of production. Cachectin/tumor
necrosis factor-secreting tumor in skeletal muscle induces
chronic cachexia, while implantation in brain induces pre-
dominantly acute anorexia. J Clin Invest 86: 2014-2024.
Torre-Amione G, Kapadia S, Benedict C, Oral H, Young
IB, et al. (1996) Proinflammatory cytokine levels in
patients with depressed left ventricular ejection fraction: a
report from the Studies of Left Ventricular Dysfunction
(SOLVD). J Am Coll Cardiol 27: 1201-1206.

Rauchhaus M, Doehner W, Francis DP, Davos C, Kemp
M, et al. (2000) Plasma cytokine parameters and mortality
in patients with chronic heart failure. Circulation 102:
3060-3067.

Ferrari R, Bachetti T, Confortini R, Opasich C, Febo O, et
al. (1995) Tumor necrosis factor soluble receptors in
patients with various degrees of congestive heart failure.
Circulation 92: 1479-1486.

Bryant D, Becker L, Richardson J, Shelton J, Franco F, et
al. (1998) Cardiac failure in transgenic mice with myocar-
dial expression of tumor necrosis factor-alpha. Circulation
97: 1375-1381.

Shimizu I, Yoshida Y, Katsuno T, Tateno K, Okada S, et
al. (2012) p53-Induced adipose tissue inflammation is crit-
ically involved in the development of insulin resistance in
heart failure. Cell Metab 15: 51-64.

de Bold AJ (2009) Cardiac natriuretic peptides gene
expression and secretion in inflammation. J /nvestig Med
57:29-32.

Ogawa T, de Bold AJ (2012) Brain natriuretic peptide pro-
duction and secretion in inflammation. J Transplant 2012:
962437.

Suganami T, Mukoyama M, Sugawara A, Mori K, Nagae
T, et al. (2011) Overexpression of brain natriuretic peptide
in mice ameliorates immune-mediated renal injury. J Am
Soc Nephrol 12: 2652-2663.

Hu G, Huang X, Zhang K, Jiang H, Hu X (2014) Anti-
inflammatory effect of B-type natriuretic peptide postcon-
ditioning  during

myocardial  ischemia-reperfusion:

involvement of PI3K/Akt signaling pathway. Inflamma-

43.

44

45.

46.

47.

48.

49.

50.

51.

52.

53.

377

tion 37: 1669-1674.

Mezzasoma L, Antognelli C, Talesa VN (2017) A novel
role for brain natriuretic peptide: inhibition of IL-1f secre-
tion via downregulation of NF-kB/Erk 1/2 and NALP3/
ASC/Caspase-1 activation in human THP-1 monocyte.
Mediators Inflamm 2017: 5858315.

Peterson JM, Bakkar N, Guttridge DC (2011) NF-«xB Sig-
naling in skeletal muscle health and disease. Curr Top Dev
Biol 96: 85-119.

Sugisawa T, Kishimoto I, Kokubo Y, Makino H,
Miyamoto Y, et al. (2010) Association of plasma B-type
natriuretic peptide levels with obesity in a general urban
Japanese population: the Suita Study. Endocr J 57: 727-
733.

Kalra PR, Tigas S (2002) Regulation of lipolysis: natriu-
retic peptides and the development of cachexia. Int J Car-
diol 85: 125-132.

Gielen S, Adams V, Mobius-Winkler S, Linke A, Erbs S,
et al. (2003) Anti-inflammatory effects of exercise train-
ing in the skeletal muscle of patients with chronic heart
failure. J Am Coll Cardiol 42: 861-868.

Anker SD, Ponikowski PP, Clark AL, Leyva F,
Rauchhaus M, et al. (1999) Cytokines and neurohormones
relating to body composition alterations in the wasting
syndrome of chronic heart failure. Eur Heart J 20: 683—
693.

Sayama H, Nakamura Y, Saito N, Kinoshita M (1999)
Why is the concentration of plasma brain natriuretic pep-
tide in elderly inpatients greater than normal? Coron
Artery Dis 10: 537-540.

Zhao JX, Liu XD, Li K, Liu WZ, Ren YS, et al. (2016)
Different dietary energy intake affects skeletal muscle
development through an Akt-dependent pathway in
Dorper x Small Thin-Tailed crossbred ewe lambs. Domest
Anim Endocrinol 57: 63-70.

Zhao JX, Liu XD, Zhang JX, Y W, Li HQ (2015) Effect
of different dietary energy on collagen accumulation in
skeletal muscle of ram lambs. J Anim Sci 93: 4200-4210.
Morley JE, Malmstrom TK, Rodriguez-Mafias L, Sinclair
AJ (2014) Frailty, sarcopenia and diabetes. J Am Med Dir
Assoc 15: 853-859.

Kalyani RR, Corriere M, Ferrucci L (2014) Age-related
and disease-related muscle loss: the effect of diabetes,
obesity, and other diseases. Lancet Diabetes Endocrinol 2:
819-829.



