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Abstract

Purpose: Anemia and sarcopenia associated with renal dysfunction caused by cytokine

imbalance can contribute to decreased quality of life for older individuals. Growth

differentiation factor-15 (GDF-15) is associated with renal dysfunction, although whether

it is related to anemia or sarcopenia is unclear. In this study we examined the association

of GDF-15 with renal function, hemoglobin and sarcopenia in healthy community-

dwelling older females in Japan.

Methods: A total of 66 healthy older community-dwelling females (age: 75.8 = 6.2 years)

were enrolled for this study. Skeletal muscle mass index was determined by bioelectrical

impedance analysis. Hand-grip strength and walking speed were also assessed. Serum

GDF-15 concentration was determined by enzyme-linked immunosorbent assay and both

hemoglobin (Hb) level and estimated glomerular filtration rate (¢GFR) were measured.

Results: Serum GDF-15 levels positively correlated with age but negatively correlated

with eGFR and walking speed. In multiple regression analysis, eGFR and hemoglobin

(Hb) were independent variables to predict serum GDF-15 levels, even after adjusting for

age and body mass index (eGFR:  =-0.423, p <0.001; Hb: f =-0.363, p=0.004). Serum

GDF-15 level was an independent variable to predict eGFR and Hb.

Conclusions: Both Hb and eGFR are predictors for serum GDF-15 concentration in



healthy older females. In these community-dwelling older females, renal dysfunction via

GDF-15 may be accompanied by anemia, but not sarcopenia.
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Introduction

In an aging society, the number of individuals with renal dysfunction, which
affects healthy life expectancy, increases [1] [2]. Renal dysfunction is associated with
comorbid conditions, including frailty, sarcopenia and anemia. Physical performance-
based measures can predict mortality [3], and sarcopenia is a significant problem in
chronic kidney disease (CKD). Frailty is more prevalent among older subjects with CKD
than those having normal renal function [4]. Anemia is highly prevalent among older
individuals, and is associated with physical and cognitive function [5]. Moreover, the
prevalence of anemia is substantially higher among patients with an estimated glomerular
filtration rate (¢GFR) <30 ml/min/1.73m? [6] [7]. Anemia and sarcopenia as well as renal
dysfunction decrease the quality of life for older individuals. However, whether anemia
or sarcopenia that accompany renal dysfunction are associated with cytokine
dysregulation in older subjects is unclear.

Growth differentiation factor-15 (GDF-15) is a member of the transforming
growth factor-B (TGF-B) cytokine superfamily and plays multiple roles in various
pathological conditions, including cardiovascular disease [8], inflammation [9], cancer
[10] and kidney disease [11]. Cardiomyocytes [12] and vascular smooth muscle cells [13]

produce and secrete GDF-15 in response to oxidative stress or proinflammatory cytokines.



A limited number of studies have investigated the association between serum GDF-15

and renal function in older subjects [14] [15]. In these studies, multiple regression analysis

showed that eGFR is an independent variable to predict GDF-15 [14] [15], and that

hemoglobin (Hb) is an independent determinant of GDF-15 [15]. In addition, anterior

thigh muscle thickness measured by echography as well as eGFR levels are independent

determinants of GDF-15 levels in patients with cardiovascular disease [16]. However, to

our knowledge, no previous studies have investigated independent variables to predict

GDF-15 using eGFR, Hb and skeletal muscle mass as independent variables in healthy

community-dwelling older subjects.

The present study was performed to clarify the association of GDF-15 with renal

dysfunction, anemia and sarcopenia in older community-dwelling subjects.



Methods

Participants

A total of 68 healthy older females (age: 75.7 + 6.1 years) were enrolled. Two

female subjects were excluded because body composition testing was not performed in

one subject and serum GDF-15 measurements was not performed in another subject. All

subjects lived in Yokohama and Yokosuka city and regularly attended the exercise class

offered at Kanagawa University of Human Services. All subjects had no severe diseases,

but some were receiving medical treatment including antihypertensive agent (n=9),

cholesterol-lowering agent (n=2), stomach medication (n=2), analgesics (n=2), vitamin

D (n=2), bisphosphonate (n=1) and aspirin (n=1). The study was approved by the Ethics

Committee of the Kanagawa University of Human Services (No. 7-7), and the Regional

Ethics Committee of Dokkyo Medical University Hospital (No. R-30-2J). Informed

consent was obtained from all participants.

Blood samples were collected after a 12-hour fast. Hb, serum iron (Fe), serum

albumin (Alb) levels were measured, and high-sensitive C reactive protein (hsCRP) level

was measured via an immunonephelometric assay (BML Inc., Tokyo, Japan). Estimated

glomerular filtration rate (eGFR) was evaluated for female subjects only using the

following equation:



eGFR (mL/min/1.73m?) = 0.739 {194 (Creatinine™%*)(Age*?*")}

Enzyme Linked Immunosorbent Assay (ELISA)

To measure fasting serum GDF-15 concentration, peripheral venous blood was
collected in pyrogen-free tubes with and without EDTA in the morning. Plasma and serum
for all enzyme linked immunosorbent assays (ELISA) were stored at -80 °C. Serum GDF-
15 level was measured using a Human Quantikine ELISA Kit (DGD150 for GDF-15,
R&D Systems, Minneapolis, MN, USA) as previously reported [16]. The mean intra-
assay coefficient of variation (CV) was 2.3%, and the inter-assay CV was 5.4%. Samples,
reagents and buffers were prepared according to the manufacturer’s recommendations.

The detection threshold for GDF-15 was 0.002 ng/mL.

Measurement of Walking Speed and Hand-Grip Strength.
Hand-grip strength for the right hand was measured twice and the higher value
was used. Walking speed was measured as the time needed to walk 10 m. Two

measurements were taken and the higher value was adopted.

Bioelectrical Impedance Analyzer (BIA) Measurements



Body composition was measured as previously described with a multi-frequency
bioelectrical impedance analyzer (BIA; InBody S10 Biospace, Biospace Co., Ltd.,
Korea/Model JIMW 140) while the patient was in a supine position [17]. Body fat volume,
body fat percentage and skeletal muscle mass were calculated. Skeletal muscle mass
index (SMI) was calculated as (Skeletal muscle mass, kg)/(Body height, m)?. Sarcopenia
was evaluated only in females and defined according to Asian Working Group for
Sarcopenia (AWGS) criteria (hand-grip <18 kg or walking speed =0.8 m/s, and SMI <

5.7 kg/m?) [18].

Statistical Analysis

Data are shown as mean values + SD. After testing normality using Kolmogorov-
Smirnov methods, associations among parameters were evaluated by Pearson methods
for normally distributed parameters and by Spearman methods for non-normally
distributed parameters. Multiple linear regression analyses with log (serum GDF-15
concentration), log (¢GFR) and Hb as the dependent variable were performed to identify
influencing independent factors (e.g., clinical laboratory or physical data). Age and body
mass index (BMI) were used as covariates. All analyses were performed using SPSS

version 26 for Windows (IBM Corp., New York, NY, USA). A p value <0.05 was regarded



as significant.
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Results
Study Participant Characteristics

A total of 66 healthy older females were enrolled. The mean age of the patient
population was 75.8 + 6.2 years and the mean BMI was 22.8 + 2.8 kg/m?. Among the
study subjects, 4 (6%) had sarcopenia. Body composition testing and serum GDF-15
measurements were performed for all subjects. Values for physical and clinical laboratory
tests are summarized in Table 1.

Among the total of 66 subjects, 2 had normal eGFR (=90 mL/min/1.73m?), 44
had mildly decreased eGFR (60-89 mL/min/1.73m?) and 20 had moderately decreased
eGFR (30-59 mL/min/1.73m?). No subjects exhibited severely decreased eGFR (15-29
mL/min/1.73m?) or kidney failure (€GFR < 15 mL/min/1.73m?). The mean Hb value was
13.1+ 1.1 g/dL and mean serum levels of Fe, hsCRP and Alb were 99.2 + 3.7 png/dL, 0.11

+0.26 mg/L, and 4.4 + 0.2 g/dL, respectively.

Correlation between Clinical Parameters and Serum Concentrations of GDF-15, High-
sensitive CRP and Hb

Relationships between serum GDF-15 level and hsCRP and Hb, as well as with
physical and clinical data were next assessed (Table 2, Fig. 1, 2). The serum GDF-15 level

11



was positively correlated with age (Figure 1A) and negatively correlated with walking

speed (Figure 1B). There was no correlation between GDF-15 levels and hand-grip

strength (Figure 1C) or SMI (Figure 1D). Serum GDF-15 levels were also negatively

correlated with eGFR (Figure 2A) and serum Fe levels, but had no correlation with hsCRP,

Hb or Alb levels (Figure 2C-D).

Serum hsCRP levels were positively correlated with BMI, body fat percentage,

body fat volume and Hb, and decreased with decreases in serum Fe and Alb levels. Hb

levels were positively correlated with BMI, hand-grip strength, body fat percentage, body

fat volume, and SMI, as well as with serum Fe and Alb levels.

Multiple Regression Analysis of Serum GDF-15 Levels and Clinical Parameters

Table 3 shows standardized partial regression coefficients () and p values in

multiple regression analysis of serum GDF-15 levels and clinical parameters

(corresponding adjusted R2 values and unstandardized B coefficients are presented in

Supplementary Table 1 and 2, respectively). A linear regression analysis with serum GDF-

15 level as the dependent variable and clinical data (eGFR, SMI, walking speed, hand-

grip strength, Hb and serum Alb) as the independent variable was conducted for all study

subjects (Table 3A). This analysis showed that eGFR (f =-0.423, p <0.001) and Hb (B =
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-0.363, p=0.004) were independent variables to predict serum GDF-15 levels after

adjusting for age and BMI.

A regression analysis between eGFR and clinical data (GDF-15, SMI, walking

speed, hand-grip strength, Hb and serum Alb) was also performed (Table 3B). Multiple

regression analysis showed that serum GDF-15 level (f = -0.479, p <0.001), and hand-

grip strength (B = -0.256, p=0.036) were independent variables to predict eGFR after

adjusting for age and BML.

Multiple regression analysis between Hb and clinical data (GDF-15, SMI,

walking speed, hand-grip strength, eGFR and serum Alb) showed that serum GDF-15

level (B =-0.380, p=0.004) was an independent variable to predict Hb after adjusting for

age and BMI (Table 3C).
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Discussion

In the present study, serum GDF-15 levels were positively correlated with age

and negatively correlated with eGFR and walking speed. In multiple regression analyses,

eGFR and Hb were independent variables to predict serum GDF-15 levels even after

adjusting for age and BMI. Meanwhile, multiple regression analyses showed that serum

GDF-15 level was an independent predictor of eGFR and Hb. To our knowledge, this is

the first study to demonstrate a robust association between serum GDF-15, and eGFR and

Hb using parameters including skeletal muscle mass as independent variables in healthy

community-dwelling older subjects.

GDF-15 is a member of the TGF-f} cytokine superfamily and its levels increase

under various pathological conditions [8] [9] [10] [11]. Here we showed that serum GDF-

15 levels were negatively correlated with eGFR in healthy older females. These findings

are in agreement with consistent reports of association between GDF-15 and numerous

risk factors and biomarkers for cardiovascular diseases [16] [15] [19]. Nakajima et al.

[16] showed that eGFR and anterior thigh muscle thickness were independent

determinants of GDF-15 after adjusting for age, sex and BMI in patients with

cardiovascular disease. Other studies revealed that eGFR, diabetes mellitus and Hb were

predictors for GDF-15 in community-dwelling older subjects [15].
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Increased levels of GDF-15 in renal dysfunction may reflect several underlying

conditions including ischemia [12], or merely indicate decreased renal excretion of GDF-

15 due to renal dysfunction. Higher levels of GDF-15 were reported to be associated with

mortality [14] [19], and may also be associated with decreased quality of life due to renal

dysfunction.

Here we showed that Hb was an independent variable to predict serum GDF-15

levels, and that serum GDF-15 levels were an independent predictor of Hb. The increase

in GDF-15 is proposed to reflect ineffective erythropoiesis and induces anemia in patients

with thalassemia syndrome [20]. Bone-marrow derived GDF-15 can down-regulate

expression of the peptide hormone hepatic hepcidin [21], which inhibits Fe absorption

through enterocytes and Fe release from macrophages by inactivating the Fe export pump

ferroportin [22]. Consequently, downregulation of hepcidin expression via increased

GDF-15 induces Fe absorption and leads to Fe overload and in turn anemia due to

ineffective erythropoiesis. On the other hand, Fe deficiency is reported to be associated

with elevated serum GDF-15 concentration, and Fe-mediated regulation of GDF-15

concentrations occurs in the presence of decreased levels of Fe [23]. The aging process

likely has an inflammatory component, and some biomarkers of inflammation-associated

anemia overlap with those of Fe deficiency. Thus, increased GDF-15 levels might be
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induced by Fe deficiency. Here we showed that serum Fe concentration was negatively

correlated with GDF-15 level, which was in accordance with Fe regulation of GDF-15.

Therefore, anemia mediated by GDF-15 may be due to Fe deficiency in healthy older

females, but additional studies are needed to confirm this possibility.

Only 6% of subjects enrolled in this study had sarcopenia. A study by Tanimoto

et al. [24] that investigated walking speed, hand-grip strength and SMI by bioelectrical

impedance analysis in community-dwelling older subjects in Japan showed that 10.2% of

female study subjects had sarcopenia. This difference in incidence may be because

subjects enrolled in the present study were attending exercise class regularly.

The present study has several limitations. First, we considered only females and

thus whether the results apply to males is unclear. Second, the study population was small

and further studies involving larger numbers of subjects are needed to clarify the

pathophysiological roles of GDF-15 in healthy older females.

In conclusion, both renal function and hemoglobin are independent variables to

predict serum GDF-15 level in community-dwelling older females in Japan. This finding

suggests that renal dysfunction mediated by GDF-15 is accompanied by anemia, but not

sarcopenia, in healthy older females.
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Figure Legends

Figure 1. Correlation between physical data (age, walking speed, grip strength and SMI)

and serum concentration of GDF-15. Relationships between serum concentration of

GDF15 and (A) age, (B) walking speed, (C) hand grip strength and (D) SMI. ** p <0.01,

k% 1 <0.001.

Figure 2. Correlation between serum concentration of GDF-15 and (A) eGFR, (B) hsCRP,

(C) Hb and (D) Alb. *** p <0.001.
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