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Association of handgrip strength with B-type
natriuretic peptide levels and cardiovascular
events in patients with type 2 diabetes

B-type natriuretic peptide (BNP) is a useful predictor of
cardiovascular (CV) events and death in patients with heart failure
[1,2]. BNPis also a powerful predictive marker of CV events beyond
heart failure and death in patients with type 2 diabetes (T2D)
[3]. Previous studies have shown that, in healthy individuals,
exercise induces BNP secretion, which may have cytoprotective
effects on the heart [4]. In addition, recent studies have shown that
natriuretic peptides, including BNP, play a role in lipid oxidation in
fat tissue and in enhancing oxidative capacity in skeletal muscle
[4]. Handgrip exercise increases BNP levels by 30% in healthy men
[5], while moderate-intensity walking increases BNP levels in
patients with cardiovascular disease (CVD), but not in healthy
people or in patients with CV risk factors [6]. In contrast, low-
intensity daily physical activity is associated with an increase in
BNP levels in patients with T2D [7]. However, the association
between exercise and BNP levels may change depending on the
disease/condition or level of physical fitness. Yamashita et al. [8]
showed that muscle mass measured by cross-sectional area of
thigh muscle was negatively associated with plasma BNP levels in
healthy people. However, no researcher has investigated the

association of handgrip strength, a simple and useful method for
evaluating muscle strength, with BNP levels and CV events in
patients with T2D. Thus, the present study aimed to examine those
associations in such patients.

This retrospective cohort study was conducted in T2D patients
treated at the National Center for Global Health and Medicine,
Kohnodai Hospital. Between April 2013 and December 2015,
outpatients whose handgrip strength and plasma BNP levels were
measured at the same time were included. Patients were
instructed to consume a calorie-restricted diet of 25-30 kcal/kg
(ideal body weight)/day as dietary therapy for diabetes by certified
nutritional educators, and to continue the diet throughout the
study period. CV events included stroke and non-fatal coronary
heart disease.

The study protocol was approved by the Medical Ethics
Committee of the National Center for Global Health and Medicine
(Reference No. NCGM-G-002052), and the study was performed in
accordance with the Declaration of Helsinki.

Height was measured using a rigid stadiometer (Tsutsumi Co.,
Ltd., Tokyo, Japan). Weight was measured using calibrated scales
(AD-6107NW; A&D Company Limited, Tokyo, Japan). Body mass
index (BMI) was calculated as body weight in kg divided by height
in m?. Blood pressure was measured in a sitting position using an
automatic sphygmomanometer (HBP-9020; Omron Healthcare
Co., Ltd., Kyoto, Japan).

Handgrip strength was measured in each hand using a
Smedley analogue hand dynamometer (No. 04125; MIS, Tokyo,
Japan) in standing position. Measurements were taken of the
dominant hand first. Subjects performed a maximum of two
attempts for each hand with an approximately 1-min rest period
in between, and their average handgrip strength was calculated
in kg. Patients were also asked about their regular exercise
habits, and their daily exercise times were calculated using a
questionnaire.

Blood samples were drawn in the morning from an antecubital
vein. Plasma glucose, haemoglobin A;. (HbA;.) and BNP levels
were measured. Plasma BNP levels were measured using a specific
immunoradiometric assay for human BNP (Architect BNP-JP®,
Abbott Japan Co. Ltd., Tokyo, Japan). Estimated glomerular
filtration rate (eGFR) was calculated using the revised equation
adjusted for the Japanese population [9].

Statistical analyses were performed using SPSS version
24 software (IBM Corp., Armonk, NY, USA). All values were
expressed as means + standard deviation (SD). Multiple regression
analysis, adjusted for age, gender, BMI, exercise time, systolic blood

Table 1
Clinical characteristics of subjects with type 2 diabetes.
Mean + SD

Demographic data
Age (years) 64.7 (14.1)
Gender (males/females) 253/183¢
Exercise time (min/day) 16.1 (9.1)
Duration of diabetes (years) 11.8 (11.6)

Anthropometric data
Height (cm) 160.4 (9.9)
Weight (kg) 66 (17.5)
Body mass index (kg/m?) 254 (5.8)
Handgrip strength (kg) 23.4(9.9)

Physiological and biochemical data
Systolic blood pressure (mmHg) 135.5 (21.9)
Diastolic blood pressure (mmHg) 75.4 (14.9)
Plasma glucose (mg/dL) 179.5 (73.9)
HbA;. (%) 8.2 (2)
Estimated glomerular filtration rate (mL/min/1.73 m?) 72.7 (27.4)
Plasma B-type natriuretic peptide 44.9 (105.9)

2 n/n.
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Fig. 1. Kaplan-Meier survival analyses of handgrip strength and plasma B-type natriuretic peptide (BNP) levels in relation to cardiovascular events: (A) subjects were divided
into higher and lower muscle strength groups on either side of the median (28.375 kg for men and 16.0 kg for women); and (B) subjects were divided into groups of lower

(< 50 pg/mL) and higher (> 50 pg/mL) BNP levels.

pressure, eGFR and HbA;., was performed to test independent
associations between handgrip strength and BNP levels. In addition,
the Kaplan—-Meier curve for survival analysis was performed, with the
difference assessed by log-rank test. The entry variable was the date
of measurement of handgrip strength and BNP. Follow-up was
censored at the time of the first CV event, death or 1 May 2016,
whichever came first. A P value < 0.05, determined by a two-sided
test, was considered statistically significant.

The present study enrolled 436 patients (253 men and
183 women) with T2D. The mean age of study participants was
64.7 + 14.1years, and the mean BMI was 254+ 5.8 kg/m?
Characteristics of the subjects at baseline are presented in Table 1.

Multiple regression analysis revealed that handgrip strength
was inversely associated with plasma BNP levels (3 =-0.086,
P =0.014). Over a mean follow-up of 762 + 292 days, five patients
(1.1%) died and five (1.1%) experienced CV events. Kaplan-Meier
survival analysis confirmed the negative association between
handgrip strength and risk of CV events (P = 0.034), and the positive
association with BNP levels (P = 0.033; Fig. 1).

The present study demonstrates that handgrip strength was
inversely associated with plasma BNP levels in addition to being a
predictor of CV events in Japanese patients with T2D. To my
knowledge, this is the first-ever study to report a significant
association between handgrip strength and BNP in a T2D
population.

Handgrip strength is useful for diagnosing sarcopenia [10], and
has been identified as an indicator of mortality and CVD risk in
patients with diabetes [11], and BNP is a prognostic marker of CV
morbidity and mortality in T2D patients [3]. Findings of this study
also indicate that decreased handgrip strength and increased BNP
levels are associated with CV events. Although the underlying
mechanism is still not fully understood, the link between skeletal
muscle and BNP has been investigated. Onoue et al. [12]
demonstrated that circulating BNP levels are significantly higher
in sarcopenic patients with heart failure. Skeletal muscle has been
identified as an endocrine organ that secretes myokines that have a
favourable impact on metabolism [13]. For example, irisin
increases myocardial cell metabolism, decreases cell proliferation
and promotes cell differentiation [14]. Fibroblast growth factor
21 increases levels of adiponectin, known to be a cardioprotective
adipokine, and attenuates cardiac remodelling after myocardial
infarction [15]. Myokines hold the promise of cardioprotective
effects. Certainly, T2D patients with decreased handgrip strength

may be physically weak, suffer from comorbidities including heart
failure and have increased plasma BNP levels; in contrast, it is
possible that increased muscle strength exerts cardioprotective
effect via secretion of myokines and also reduces BNP levels.

This study has a couple of limitations. First, cardiac function in
the study subjects was not evaluated and, therefore, the results
may be confounded by baseline heart function. Second, the study
design cannot deduce a causal relationship between handgrip
strength and BNP. To elucidate the association between muscle
strength and BNP, further prospective studies are warranted.

In conclusion, the present study suggests that both handgrip
strength and plasma BNP levels are predictive of CV events in
patients with T2D. Skeletal muscle weakness may cause a
metabolic disturbance in skeletal muscle as well as in the rest
of the body, thereby affecting cardiac load and, consequently,
increasing plasma BNP levels.
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