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Abstract: Exercise has been reported to be effective in maintaining and recovering muscle; however,
the effect of exercise combined with adequate or inadequate protein intake on muscle mass is not
clear. Therefore, this study investigates the effect of exercise habit on changes in muscle mass,
with adequate or inadequate protein intake. This retrospective cohort study included 214 elderly
patients with type 2 diabetes. The rate of skeletal muscle mass index (SMI) change (%) was defined as
((SMI at follow-up minus SMI at baseline)/(follow-up years [kg/mz/year] X SMI at baseline [kg/mz]))
x 100. Adequate protein intake was defined as protein intake >1.2 g/kg ideal body weight/day.
During a mean follow-up duration of 18.0 (7.1) months, the rate of SMI change was —1.14 (4.10)%
in the whole sample. The rate of SMI change of non-habitual exercisers with inadequate protein
intake, habitual exercisers with inadequate protein intake, non-habitual exercisers with adequate
protein intake, and habitual exercisers with adequate protein intake was —1.22 (3.71), —2.31 (3.30),
—1.88 (4.62), and 0.36 (4.29)%, respectively. Compared with patients with exercise habit and adequate
protein intake, the odds ratio for decreasing SMI was 2.50 (0.90-6.90, p = 0.078) in patients with no
exercise habit and inadequate protein intake, 3.58 (1.24-10.4, p = 0.019) in those with exercise habit
and inadequate protein intake, and 3.03 (1.27-7.22, p = 0.012) in those with no exercise habit and
adequate protein intake, after adjusting for covariates. Therefore, exercise habit without adequate
protein intake was associated with an increased risk of decreasing SMI compared with exercise habit
with adequate protein intake.
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1. Introduction

The number of elderly patients with type 2 diabetes mellitus (T2DM) is increasing,
often accompanied by sarcopenia [1-3]. Sarcopenia, defined as the age-associated loss of muscle mass,
strength, and function [1,2], is now known to be a risk factor of cardiovascular disease and mortality [4-6].
In addition, diabetes accelerates the reduction of muscle mass and strength due to inflammatory
cytokines, insulin resistance, hyperglycemia, and endocrine changes [1,2]. Reduced insulin signaling
leads to decreased protein synthesis and increased protein degradation [1,2], and insulin resistance
leads to muscle wasting [7], which leads to muscle mass reduction. Therefore, prevention of muscle
loss is an important treatment for elderly patients with T2DM.

To prevent sarcopenia, both adequate protein intake [8,9] and exercise are recommended [10,11].
For adults over 65 years of age, a dietary protein intake of 1.0 to 1.2 g/kg ideal body weight (IBW)/day

Nutrients 2020, 12, 3220; d0i:10.3390/nu12103220 www.mdpi.com/journal/nutrients


http://www.mdpi.com/journal/nutrients
http://www.mdpi.com
https://orcid.org/0000-0002-8794-0550
https://orcid.org/0000-0002-8651-4445
https://orcid.org/0000-0003-0903-1797
http://dx.doi.org/10.3390/nu12103220
http://www.mdpi.com/journal/nutrients
https://www.mdpi.com/2072-6643/12/10/3220?type=check_update&version=3

Nutrients 2020, 12, 3220 20of 11

is recommended to maintain and recover muscle [12,13]. In fact, insufficient dietary protein intake has
been associated with a loss of muscle mass [13]. In addition, exercise has been reported to be effective
in maintaining and recovering muscle [14,15].

However, the effect of exercise on muscle mass considering different amounts of protein intake
is unknown. Therefore, this retrospective cohort study of elderly patients with type 2 diabetes
investigates the effect of exercise habit on changes in skeletal muscle mass, with and without adequate
protein intake.

2. Materials and Methods

2.1. Study Patients

The KAMOGAWA-DM cohort study, initiated in 2014, is an ongoing cohort study to clarify
the natural history of diabetes [16]. This cohort study includes outpatients at the Department of
Endocrinology and Metabolism at Kyoto Prefectural University of Medicine (KPUM) Hospital, and the
Department of Diabetology at Kameoka Municipal Hospital. All patients gave written informed
consent. This study was approved by the KPUM Ethics Committee (No. RBMR-E-466-5) and carried
out accordance with the Declaration of Helsinki. The inclusion criteria of this study were follows:
patients aged 65 years and older, with T2DM, who completed the Brief-Type Self-administered
Diet History Questionnaire (BDHQ) from January 2016 to April 2018 [17]. The exclusion criteria
were incomplete questionnaires, extremely low or high energy intake (<600 or >4000 kcal/day) [18],
unreliable data, and lack of bioimpedance analysis (BIA) at baseline examination. Patients who had no
follow-up BIA data more than 6 months after the baseline examination were also excluded.

2.2. Lifestyle, Medications, and Laboratory Data Collection

The detailed questionnaire about exercise habit included the following question, “Do you perform
exercise, including recreational and sports activities such as walking, jogging, golf, ball game, soccer,
cycling, swimming, combat sports, gym training, and so on? If yes, please indicate the types of
recreational and sports activities and their frequency and time.” In this study, we defined the respondent
as having an exercise habit if they performed any of these physical activities at least once a week.
This definition was validated previously [19]. Moreover, participants were classified as non-smokers
or current smokers. Data on medication, including insulin, were obtained from medical records.
Blood samples were collected in the morning for biochemical measurements. Hemoglobin Alc
(HbAlc) was evaluated by high performance liquid chromatography. Estimated glomerular
filtration rate (eGFR) was calculated with the equation of the Japanese Society of Nephrology:
eGFR = 194 x Cre™10% x age_0'287 (mL/min/1.73 m?) (for women, x0.739) [20].

2.3. Measurement of Body Composition Determined by Bioelectric Impedance

The participants’” body composition was evaluated with a multifrequency impedance BIA,
InBody 720 (InBody Japan, Tokyo, Japan) [21], reported as having a good correlation with dual-energy
X-ray absorptiometry (DEX). The R? coefficients of BIA and DEX were 0.88 for men and 0.83 for
women [20]. Data for body weight (BW, kg), appendicular muscle mass (kg), and fat mass (kg)
were obtained using this analyzer. Body mass index (BMI, kg/m?) and skeletal muscle mass index
(SMI, kg/m?) were calculated as body weight (kg) divided by height squared (m?), and as appendicular
muscle mass (kg) divided by height squared (m?), respectively [22]. Percent fat mass (%) was defined
as (fat mass (kg) + body weight (kg)) x 100. In this study, change in SMI (kg/m?/month) was calculated
as (follow-up SMI [kg/m?] — baseline SMI [kg/m?]) + follow-up period (month). Next, the rate of SMI
change (%) was calculated as the change in SMI (kg/m?/month) x (12 + baseline examination SMI
[kg/mz]) % 100. In addition, SMI decrease was defined as a SMI change rate of less than 0.5%. This is
reported as average rate of muscle loss [23]. Ideal body weight (IBW) was calculated as 22 X patient
height squared (m?) [24].
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2.4. Estimation and Assessment of Habitual Food and Nutrient Intake

Habitual food and nutrient intake was evaluated with the BDHQ [18], which estimates the dietary
intake and variations over the past month of 58 food items. The BDHQ consists of five sections:
(i) intake frequency of 46 foods and non-alcoholic items; (ii) daily intake of rice, including type of
rice and miso soup; (iii) frequency and quantity of alcohol consumption, from a list of five types
of alcoholic beverages; (iv) usual cooking methods; and (v) general dietary behavior. Estimates of
58 food item intake, and energy, carbohydrate, protein, and fat intake were calculated with an
algorithm based on the Standard Tables of Food Composition in Japan [25]. The median Spearman’s
correlation coefficients for the BDHQ and semi-weighed dietary records were 0.48 for men and 0.44
for women [26]. These BDHQ data was used to estimate the intake of total dietary energy (kcal/day),
carbohydrates (g/day), total protein (g/day), animal protein intake (g/day), vegetable protein intake
(g/day), total fat (g/day), and ethanol (g/day). Energy intake (kcal/kg IBW/day) was calculated by
dividing total dietary energy (kcal/day) by IBW (kg). Protein intake (g/kg IBW/day) was calculated by
dividing total protein intake (g/day) by IBW (kg) [27]. Adequate protein intake was defined as protein
intake >1.2 g/kg IBW/day [8]. Habitual alcohol intake was defined as ethanol intake >30 g/day for
men, and >20 g/day for women [28].

2.5. Statistical Analysis

Categorical and continuous variables were represented as counts and mean (standard deviation),
respectively. The difference between groups was evaluated using Student’s t-test, one-way analysis of
variance (ANOVA) and post hoc Tukey—Kramer test, or chi-square test. We investigated the association
between animal protein, vegetable protein, carbohydrate, and fat intake and rate of SMI change using
Pearson’s correlation coefficient. Furthermore, we also investigated these associations according to the
presence or absence of exercise habit using Pearson’s correlation coefficient. The combined effect of
presence or absence of exercise habit and/or adequate protein intake on decreasing SMI was evaluated
by logistic regression, adjusting for gender, age, smoking status, habitual alcohol consumption,
duration of diabetes, SMI at baseline, BMI, energy intake, animal protein intake, vegetable protein
intake, carbohydrate intake, and fat intake. Next, a multiple regression analysis was performed to
evaluate the effect of exercise habit on the rate of SMI change, adjusting for gender, age, smoking status,
habitual alcohol consumption, duration of diabetes, SMI at baseline BMI, energy intake, animal protein
intake, vegetable protein intake, carbohydrate intake, and fat intake, with and without an adequate
protein intake of >1.2 g/kg IBW/day [8].

3. Results

This retrospective cohort study initially included 261 patients; however, 53 patients were excluded.
Thus, the final sample consisted of 214 participants (Figure 1).

Participants” baseline characteristics are shown in Table 1. Mean age, BMI, and SMI were 72.2
(5.1) years, 23.7 (3.9) kg/m?, and 6.8 (0.9) kg/m?, respectively. During the mean follow-up period of
18.0 months (SD 7.1), SMI decreased by 0.007 kg/mz/month (SD 0.023), and the rate of SMI change was
—1.14% (SD 4.10). The nutritional intake of patients with adequate protein was higher than those of
patients without.

Figure 2 shows the difference in the rate of SMI change (%) between patients with and without
exercise habit and adequate protein intake. There was no difference in the rate of SMI change between
patients with and without exercise habit (—0.87% (SD 4.08) vs. —1.51% (SD 4.12), p = 0.255) (Figure 2A).
On the other hand, there was a significant difference in the rate of SMI change between patients with
and without exercise habit and adequate protein intake (p = 0.002). Interestingly, the rate of SMI change
in habitual exercisers with inadequate protein intake (-2.26% (SD 3.59), p = 0.017) and non-habitual
exercisers with adequate protein intake (—1.88% (SD 4.62), p = 0.028) was significantly worse than that
in habitual exercisers with adequate protein intake (0.36% (SD 4.29)) (Figure 2B).
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Patients who were included in this study
Jan 2016 — Apr 2018
n= 261

Exclusion: n= 53

i No data of BDHQ:n =13

"= No data of Inbody at baseline: n =7

Extremely low or high (over 4000 kcal) energy intake: n =4
No data of follow-up Inbody: n =29

Patients who received
n= 214

Figure 1. Inclusion and exclusion flow of study participants. BDHQ, Brief-Type Self-administered Diet
History Questionnaire.

| 451 087 o 122 231 188 0.36
(A) 412 408 (B) (371) (330) (462) (429)

E S

]
(=]
J
M
=
]
#*

. L
-20 I -20 T T T T

T
i * Exercise habit/ a :
Exercise habit (-) (+) Adequate protein Intake (-1}  (+-) () (++)

-

=]
1

.
.

Rate of SMI change (%)
[=]
1
Rate of SMI change (%)
o S
1 1

L

"
—
(=]

1
'

—

=
1

LLLE ]

-

Figure 2. The difference of the rate of SMI change (%). Rate of skeletal muscle mass index (SMI)
change (%) was calculated as ((SMI at follow-up minus SMI at baseline)/(follow-up years [kg/mz/year]
X SMI at baseline [kg/mz])) x 100. (A) Difference in the rate of SMI change (%) between patients with
exercise habit and those without. The difference was evaluated using Student’s t-test. (B) Difference in
the rate of SMI change (%) between patients with/without exercise habit and adequate protein intake
(protein intake >1.2 g/kg ideal body weight/day). The difference was evaluated with one-way ANOVA
(p = 0.018) and Tukey-Kramer test. * p < 0.05.

In addition, there was an association of animal protein (kcal/IBW/day) (r = 0.19, p = 0.043),
vegetable protein (kcal/IBW/day) (r = 0.14, p = 0.039), carbohydrate (kcal/IBW/day) (r = 0.12, p = 0.069),
and fat intake (kcal/IBW/day) (r = 0.21, p = 0.002) with rate of SMI change. Furthermore, we also
investigated these associations according to the presence or absence of exercise habit (Figure 3).
There was no association between nutrient intakes and rate of SMI change among the participants
without exercise habit. On the other hand, there was an association between nutrient intake and rate of
SMI change among the participants with exercise habit.
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Table 1. Clinical characteristics of study participants with and without exercise habit and adequate protein intake.

50f11

Exercise (—)/Adequate

Exercise (+)/Adequate

Exercise (-)/Adequate

Exercise (+)/Adequate

. :1211 4 Protein Intake (-) Protein Intake (-) Protein Intake (+) Protein Intake (+) P
n=>52 n=>56 n=40 n=66

Men/Women 120 94 27/25 34/22 21/19 38/28 0.772
Age, years 72.2 (5.1) 72.9 (5.7) 715 (4.9) 72.3 (4.6) 72.2 (5.2) 0.612
Duration of diabetes, years 15.6 (10.2) 17.2 (11.5) 15.1 (9.5) 14.5 (11.5) 15.6 (8.7) 0.602
Height, cm 159.9 (8.7) 159.7 (8.1) 161.6 (8.5) 158.5 (9.9) 159.4 (8.5) 0.320
Body weight, kg 60.5 (10.8) 61.5(10.7) 60.6 (11.0) 59.6 (10.7) 60.1 (11.0) 0.857
Body mass index, kg/m? 23.7 (3.9) 241 (4.1) 23.2 (4.1) 23.8 (4.2) 23.6 (3.3) 0.662
Insulin (—/+) 154/60 36/16 40/16 27/13 51/15 0.678
Antihypertension medication (—/+) 84/130 19/33 20/36 15/25 30/36 0.666
Antilipidemic medication (—/+) 102/112 21/31 26/30 23/17 32/34 0.439
Smoking (~/+) 184/30 44/8 52/4 34/6 54/12 0.354
Habitual alcohol intake (—/+) 195/19 49/3 51/5 34/6 61/5 0.455
Habit of exercise (—/+) 92/112 52/0 0/56 40/0 0/66 <0.001
Hemoglobin Alc, % 7.2 (1.0) 7.0 (0.9) 7.1(0.8) 7.3 (1.2) 7.2 (1.0) 0.642
Hemoglobin Alc, mmol/mol 54.8 (10.7) 53.4 (10.0) 54.5 (9.1) 56.0 (13.1) 55.4 (10.8) 0.642
Plasma glucose, mmol/l 8.1(2.8) 8.0(3.1) 8.1(2.6) 8.6 (3.8) 7.9 (2.0) 0.627
Creatinine, umol/l 73.8 (25.5) 772 (22.5) 745 (26.2) 72.2 (24.9) 71.7 (27.8) 0.672
eGFR, ml/min/1.73 m? 66.4 (17.8) 614 (17.1) 66.8 (17.2) 67.2 (18.7) 69.5 (17.7) 0.098
Total energy intake, kcal/day 1736 (591) 1421 (374) 1375 (352) 2067 (573) * t 2089 (589) * + <0.001
Energy intake, kcal/TBW/day 30.7 (9.8) 25.1(5.3) 23.8(52) 372 (9.0) *+ 37.2 (9.4) *+ <0.001
Total protein intake, g/day 74.7 (29.9) 53.6 (11.2) 53.0 (11.3) 95.8 (28.6) * t 96.8 (26.6) * + <0.001
Animal protein intake, g/day 46.5 (23.5) 31.4 (9.5) 29.4 (10.4) 61.8(22.2) * 63.8 (21.8) * t+ <0.001
Animal protein intake, g/IBW/day 6.02 (3.05) 4.05 (1.20) 3.76 (1.30) 8.04 (2.79) * 8.27 (2.85) * + <0.001
Vegetable protein intake, g/day 28.2(9.8) 223 (7.1) 23.6 (6.0) 34.1(10.8) * + 33.1(9.0)* + <0.001
Vegetable protein intake, g/TBW/day 3.63 (1.21) 2.86 (0.84) 3.01 (0.73) 443 (131)* + 427 (1.08) * + <0.001
Protein intake, g/TBW/day 1.33 (0.54) 0.95 (0.17) 0.92 (0.19) 1.73 (0.49) * + 1.73 (0.48) * + <0.001
Adequate protein intake (—/+) 108/106 45/0 46/0 0/34 0/61 <0.001
Total fat intake, g/day 55.1 (21.9) 43.3 (12.6) 40.6 (11.2) 65.2 (17.6) * + 705 (23.7) * <0.001
Fat intake, g/[BW/day 0.98 (0.39) 0.77 (0.20) 0.70 (0.18) 1.18 (0.31) * + 1.26 (0.42) * + <0.001
Total carbohydrate intake, g/day 218.2 (81.7) 191.1 (67.2) 182.8 (59.4) 251.5(97.6) * + 2494 (79.3) * t+ <0.001
Carbohydrate intake, g/IBW/day 3.9(1.3) 3.4(1.1) 3.2(1.0) 45(1.6)*t 44 (1.3)*t <0.001
Appendicular muscle mass, kg 17.6 (3.8) 17.4 (3.8) 18.1 (3.6) 17.2(3.7) 17.8 (4.1) 0.673
Body fat mass, kg 17.6 (7.4) 19.0 (7.7) 17.3 (7.8) 17.6 (7.5) 16.7 (6.6) 0.431
Percent body fat mass, % 28.4 (8.8) 30.3 (9.0) 27.8 (8.6) 28.7 (9.0) 27.4(8.5) 0.313
SMI, kg/m? 6.8(0.9) 6.8 (0.9) 6.9 (0.9) 6.8(0.8) 6.9 (1.1) 0.767
Change in SMI, kg/m?/month ~0.007 (0.023) —0.007 (0.020) —0.013 (0.019) —0.011 (0.027) 0.001 (0.023) + 1 0.002
Rate of SMI change, % ~1.14 (4.10) ~1.22 (3.71) —2.31 (3.30) —1.88 (4.62) 0.36 (4.29) + § 0.002
Decreasing SMI (—/+) 87/127 19/33 15/41 14/26 39/27 0.002

Adequate protein intake was defined as protein intake >1.2 g/kg IBW/day. Data are expressed as mean (standard deviation) or counts. The differences between groups were evaluated
using Student’s t-test or chi-square test. eGFR, estimated glomerular filtration rate; IBW, ideal body weight; SMI, skeletal muscle mass index. Change in SMI (kg/m?/month) was calculated
as (SMI at follow-up examination (kg/m?) minus SMI at baseline examination (kg/m?)) divided the follow up durations (month). Rate of SMI change (%) was calculated as change of SMI
(kg/m?/month) x 12/SMI at baseline examination (kg/m?). Decreasing SMI was defined as a rate of SMI change (%)under —0.5%. The difference between groups was evaluated with
one-way ANOVA and Tukey-Kramer test, or chi-square test. * p < 0.05 vs. Exercise (—)/Adequate protein intake (—); t p < 0.05 vs. Exercise (+)/Adequate protein intake (=); and 1 p < 0.05 vs.
Exercise (—)/Adequate protein intake (+).
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Figure 3. The association between rate of SMI change and nutrient intake according to the exercise
habit. SMI, skeletal muscle mass index; and IBW, ideal body weight. Rate of SMI change (%)
was calculated as ((SMI at follow-up minus SMI at baseline)/(follow-up years [kg/m2/year] X SMI at
baseline [kg/mz])) % 100. Association between rate of SMI change and diet intakes according to exercise
habit using Pearson’s correlation coefficient. Black line represents correlation coefficient for no exercise
habit, and red line represents correlation coefficient for exercise habit. The association between rate of
SMI change and total energy (kcal/IBW/day), protein (kcal/IBW/day), animal protein (kcal/IBW/day),
vegetable protein (kcal/IBW/day), carbohydrate (kcal/IBW/day), and fat intake (kcal/IBW/day) among the
participants without exercise habit was given by r = 0.15 (p = 0.150), r = 0.12 (p = 0.253), r = 0.12 (p = 0.268),
r=0.07 (p = 0.489), and r = 0.14 (p = 0.169), respectively. On the other hand, the association between rate
of SMI change and total energy (kcal/IBW/day), protein (kcal/IBW/day), animal protein (kcal/IBW/day),
vegetable protein (kcal/IBW/day), carbohydrate (kcal/IBW/day), and fat intake (kcal/IBW/day) among the
participants with exercise habit was given by r = 0.23 (p = 0.010), r = 0.24 (p = 0.008), r = 0.16 (p = 0.086),
r=0.17 (p = 0.061), and r = 0.24 (p = 0.008), respectively.

Table 2 shows the combined effect of presence/absence of exercise habit and/or adequate protein
intake on decreasing SMI. Compared with patients with exercise habit and adequate protein intake,
the odds ratio for decreasing SMI was 2.50 (0.90-6.90, p = 0.078) in patients with no exercise habit and
inadequate protein intake, 3.58 (1.24-10.4, p = 0.019) in patients with exercise habit and inadequate
protein intake, and 3.03 (1.27-7.22, p = 0.012) in patients with no exercise habit and adequate protein
intake, after adjusting for covariates.

Finally, to investigate the effect of exercise habits on the rate of SMI change, a multiple regression
analysis was performed according to protein intake, as shown in Table 3. Among participants
with adequate protein intake, exercise habit was positively correlated with the rate of SMI change
(standardized {3 = 0.255, p = 0.011). On the other hand, among the participants without adequate protein
intake, exercise habit was negatively correlated with the rate of SMI change (standardized 3 = —0.182,
p = 0.094), although this did not reach statistical significance. In addition, although it did not reach
statistical significance, energy intake tended to be positively correlated with the rate of SMI change,
and carbohydrate intake tended to be negatively correlated with the rate of SMI change.
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Table 2. Odds ratio for decreasing SMI.

Model 1 Mode 2 Model 3

OR (95% CI) 4 OR (95% CI) P OR (95% CI) 4
Men 1.22 (0.66-2.25) 0.520 0.40 (0.15-1.09) 0.072 0.43 (0.16-1.18) 0.095
Age, years 0.98 (0.92-1.03) 0.386 0.99 (0.93-1.05) 0.739 0.99 (0.93-1.05) 0.740
Smoking, yes 0.76 (0.32-1.79) 0.533 0.75 (0.31-1.80) 0.519 0.72 (0.30-1.76) 0.476
Alcohol consumption, yes 1.04 (0.36-3.05) 0.930 1.15 (0.38-3.47) 0.805 2.38 (0.25-22.6) 0.449
Duration of diabetes, years — — 1.01 (0.97-1.04) 0.730 1.01 (0.98-1.04) 0.695
SMI at baseline examination, kg/m2 — — 2.49 (1.37-4.55) 0.002 240 (1.29-4.47) 0.004
BMI, kg/m? — — 0.92 (0.83-1.03) 0.159 0.93 (0.82-1.04) 0.194
Energy intake, kcal/IBW/day — — 0.98 (0.94-1.02) 0.342 0.86 (0.62-1.20) 0.388
Animal proteins intake, kcal/IBW/day — — — — 1.17 (0.87-1.56) 0.302
Vegetable proteins intake, kcal/IBW/day — — — — 1.03 (0.61-1.74) 0.915
Carbohydrate intake, kcal/IBW/day — — — — 1.85 (0.42-8.21) 0.419
Fat intake, kcal/IBW/day — — — — 1.62 (0.06-41.9) 0.773

Exercise (—)/Adequate protein intake (-) 2.58 (1.21-5.48) 0.014 1.21 (0.22-6.74) 0.829 2.50 (0.90-6.90) 0.078
Exercise (+)/Adequate protein intake (—) 3.77 (1.73-8.19) <0.001 3.37 (1.28-8.85) 0.014 3.58 (1.24-10.4) 0.019
Exercise (—)/Adequate protein intake (+) 2.70 (1.19-6.15) 0.018 1.60 (0.73-3.51) 0.245 3.03 (1.27-7.22) 0.012
Exercise (+)/Adequate protein intake (+) Ref — Ref — Ref —

SM], skeletal muscle mass index; OR, odds ratio; CI, confidence interval. Decreasing SMI was defined as a rate of
SMI change (%) under —0.5%.

Table 3. Multiple regression analysis on the rate of SMI change according to protein intake.

Adequate Protein Intake (-) n =108 Standardized 3 P
Men 0.06 0.679
Age, years —0.001 0.990
Duration of diabetes, years -0.010 0.929
Smoking, yes —-0.145 0.201
Alcohol consumption, yes —0.005 0.978
SMI at baseline examination, kg/m2 -0.014 0.940
Body mass index, kg/m? -0.207 0.205
Energy intake, kcal/IBW/day 0.236 0.672
Animal protein intake, kcal/IBW/day -0.129 0.435
Vegetable protein intake, kcal/IBW/day -0.124 0.547
Carbohydrate intake, kcal/IBW/day -0.102 0.835
Fat intake, kcal/IBW/day 0.036 0.860
Exercise habit, yes -0.182 0.094
Adequate protein intake (+) n = 106 Standardized P
Men 0.298 0.073
Age, years 0.039 0.704
Duration of diabetes, years -0.021 0.845
Smoking, yes 0.134 0.189
Alcohol consumption, yes -0.011 0.969
SMI at baseline examination, kg/m2 —-0.427 0.022
Body mass index, kg/m? 0.011 0.969
Energy intake, kcal/IBW/day 0.207 0.862
Animal protein intake, kcal/IBW/day 0.022 0.934
Vegetable protein intake, kcal/IBW/day 0.028 0.871
Carbohydrate intake, kcal/IBW/day —-0.140 0.860
Fat intake, kcal/IBW/day -0.028 0.953
Exercise habit, yes 0.255 0.011

Adequate protein intake was defined as protein intake >1.2 g/kg IBW/day. IBW, ideal body weight;
SMI, skeletal muscle mass index. Rate of SMI change (%) was calculated as change of SMI (kg/mz/month)
x 12/SMI at baseline examination (kg/m?). Gender was defined as women (=0) or men (=1), smoking status was
defined as non-smoker (=0) or smoker (=1), alcohol consumption was defined as non-consumer (=0) or consumer
(=1), and exercise habit was defined as no exercise habit (=0) or exercise habit (=1).
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4. Discussion

This retrospective cohort study investigated whether the effect of exercise habit on SMI change rate
varied with protein intake. Our results revealed that exercise habit without adequate protein intake was
associated with a higher risk of decreasing SMI compared with exercise habit with adequate protein
intake. Interestingly, the effect of exercise habit on the rate of SMI change was reversed according to
protein intake, and exercise habit was associated with accelerated muscle mass reduction in patients
without adequate protein intake.

Muscle mass decreases with age, especially in elderly persons, by 0.5% to 1.0% per year [23].
This study found a 1.14% SMI decrease rate in the whole sample, similar to a previous study [23]. On the
other hand, the SMI decrease rate was over 2% in patients with exercise habit and inadequate protein
intake and 1.88% in patients with no exercise habit and adequate protein intake, which were higher
than average. Therefore, it should be noted that these patients have an increased risk of muscle decline.
To prevent this, both adequate protein intake [8,9,12,13] and exercise are recommended [10,11,14].
Without considering protein intake, exercise habit was not associated with the prevention of muscle
decline. However, considering both protein intake and exercise, patients with both adequate protein
intake and an exercise habit may show lower muscle decline. Interestingly, patients who had an
exercise habit but inadequate protein intake had reduced muscle mass.

A possible explanation for the reversal effect of exercise habit on the rate of SMI change by
protein intake is as follows. A balance between muscle protein synthesis (MPS) and muscle protein
breakdown (MPB) is important for maintaining muscle mass. Proteins are involved in the activation of
muscle protein synthesis [29,30]. Further, elderly persons may need more amino acids than younger
generations to stimulate MPS [29]. Both resistance and non-resistance training exercise raise both MPS
and MPB after exercise, without protein supplementation [31]. Therefore, exercise and inadequate
protein intake lead to muscle mass depletion. On the other hand, when supplied with amino acids
or proteins, the rate of MPS exceeds that of MPB [32], allowing the maintenance of muscle mass.
In summary, maintaining muscle mass requires both exercise habit and adequate protein intake.
However, further studies are needed to obtain more advanced knowledge regarding the association
between protein intake, exercise, and muscle mass.

In addition, although it did not reach statistical significance, energy intake tended to be positively
correlated with the rate of SMI change. Total energy intake was associated with muscle mass.
Energy restriction leads to reduced muscle mass size by altering the Akt dependent signaling
pathway [33] and to enhanced fibrosis of muscle mass by upregulating the p38 signaling pathway [34].
Moreover, reduced energy intake causes a reduction in protein synthesis. In fact, we previously
reported that reduced energy intake was associated with the prevalence of sarcopenia [2]. In addition,
there was no association between nutrient intake and rate of SMI change among the participants
with no exercise habit. On the other hand, there was an association between nutrient intake and
rate of SMI change among the participants with exercise habit. These results indicated that nutrient
intakes, including protein intake, were positively associated with rate of SMI change among the
habitual exercisers, whereas nutrient intakes were not associated with rate of SMI change among the
non-habitual exercisers. In other words, adequate nutrient intakes, including protein intake, are needed
to increase SMI, especially in the presence exercise habit.

This study has some limitations. First, this was a retrospective cohort study. Therefore, there may
be unknown confounders. Inaddition, mean study duration was 18 months, and this follow-up duration
might not have been enough. Second, there is inaccuracy associated with dietary questionnaires
involving respondents’ recall, although the BDHQ showed reasonable validity with semi-weighed
dietary records [26]. Third, the lack of detailed information about the frequency, intensity, duration,
and type of exercise performed by the respondents is also a limitation of this study, as the frequency,
intensity, duration, and type of exercise has profoundly different effects on the preservation and
increase of muscle mass. Fourth, the timing and quality of protein intake, which are also an important
factor for sarcopenia [35], was not evaluated. However, we showed that the presence or absence
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of adequate daily protein intake had an effect on changes in muscle mass. Lastly, the number of
participants was not large; thus, further studies with larger numbers of participants are needed.

5. Conclusions

In conclusion, this study shows that exercise habit without adequate protein intake was associated
with a higher risk of decreasing SMI compared with exercise habit with adequate protein intake.
Therefore, elderly patients with an exercise habit without adequate protein intake should be aware of
the risk of muscle mass loss.

Author Contributions: Y.H. planned and designed the work, obtained, analyzed and interpreted the data,
and wrote the manuscript. A.K. and R.S. obtained and interpreted the data and contributed to the discussion.
E.T. and R.K. obtained the data and contributed to the discussion. M.H. designed the work, obtained the data,
and contributed to the discussion. M.E. planned and designed the work, obtained and interpreted the data,
and contributed to the discussion. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: Hashimoto reports grants from Asahi Kasei Pharma and personal fees from Mitsubishi
Tanabe Pharma Corp., Novo Nordisk Pharma Ltd., Sanofi K.K., and Daiichi Sankyo Co., Ltd. outside the
submitted work. Hamaguchi reports grants from Takeda Pharma Co., Ltd., Sanofi K.K., Mitsubishi Tanabe Pharma
Corp., Asahi Kasei Pharma, Sumitomo Dainippon Pharma Co., Ltd., Kyowa Kirin Co., Ltd., Daiichi Sankyo Co.,
Ltd., Astellas Pharma Inc., Novo Nordisk Pharma Ltd., Nippon Boehringer Ingelheim Co., Ltd., and Eli Lilly
Japan K.K., outside the submitted work. Fukui received grants from Takeda Pharma Co., Ltd., Sanofi K.K.,
Kissei Phama Co., Ltd., Mitsubishi Tanabe Pharma Corp, Astellas Pharma Inc., Nippon Boehringer Ingelheim
Co., Ltd., Daiichi Sankyo Co., Ltd., MSD K.K., Sanwa Kagagu Kenkyusho CO., Ltd., Kowa Pharma Co., Ltd.,
Kyowa Kirin Co., Ltd., Sumitomo Dainippon Pharma Co., Ltd., Novo Nordisk Pharma Ltd., Ono Pharma Co., Ltd.,
Eli Lilly Japan K.K., Taisho Pharma Co., Ltd., Tejin Pharma LtD., Nippon Chemiphar Co., Ltd., Johnson & Johnson
K.K. Medical Co., Abbott Japan Co., Ltd., and Terumo Corp., and received honoraria from Teijin Pharma Ltd.,
Arkray Inc., Kissei Pharma Co., Ltd., Novo Nordisk Pharma Ltd., Mitsubishi Tanabe Pharma Corp., Sanofi K.K.,
Takeda Pharma Co., Ltd., Astellas Pharma Inc., MSD K.K., Kyowa Kirin Co., Ltd., Sumitomo Dainippon Pharma
Co., Ltd., Daiichi Sankyo Co., Ltd., Kowa Pharma Co., Ltd., Ono Pharma Co., Ltd., Sanwa Kagaku Kenkyusho Co.,
Ltd., Nippon Boehringer Ingelheim Co., Ltd., Taisho Pharma Co., Ltd., Bayer Yakuhin, Ltd., AstraZeneca K.K.,
Mochida Pharma Co., Ltd., Abbott Japan Co., Ltd., Eli Lilly Japan K.K., Medtronic Japan Co., Ltd., and Nipro Corp.
outside the submitted work. The other authors have nothing to disclose.

Availability of Data and Materials: The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

References

1. Umegaki, H. Sarcopenia and frailty in older patients with diabetes mellitus. Geriatr. Gerontol. Int. 2016,
16,293-299. [CrossRef]

2. Yanase, T.; Yanagita, I.; Muta, K.; Nawata, H. Frailty in elderly diabetes patients. Endocr. ]. 2018,
65, 1-11. [CrossRef]

3.  Okamura, T.; Miki, A.; Hashimoto, Y.; Kaji, A.; Sakai, R.; Osaka, T.; Hamaguchi, M.; Yamazaki, M.; Fukui, M.
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. |. Diabetes 2018, 11, 477-483. [CrossRef]

4. Nakamura, K.; Yoshida, D.; Honda, T.; Hata, J.; Shibata, M.; Hirakawa, Y.; Furuta, Y.; Kishimoto, H.;
Ohara, T.; Kitazono, T.; et al. Prevalence and mortality of sarcopenia in a community-dwelling older Japanese
population: The Hisayama Study. . Epidemiol. 2020. [CrossRef]

5. Liu, P; Hao, Q.; Hai, S.; Wang, H.; Cao, L.; Dong, B. Sarcopenia as a predictor of all-cause mortality
among community-dwelling older people: A systematic review and meta-analysis. Maturitas 2017,
103, 16-22. [CrossRef]

6. Abbas, H.; Perna, S.; Shah, A.; Al-Mannai, M.; Gasparri, C.; Infantino, V.; Cereda, E.; Peroni, G.; Riva, A.;
Petrangolini, G.; et al. Risk factors for 5-year mortality in a cohort of elderly patients with sarcopenia.
Exp. Gerontol. 2020, 136. [CrossRef]

7. Wang, X.; Hu, Z.; Hu, J.; Du, J.; Mitch, W.E. Insulin Resistance Accelerates Muscle Protein Degradation:
Activation of the Ubiquitin-Proteasome Pathway by Defects in Muscle Cell Signaling. Endocrinology 2006,
147,4160-4168. [CrossRef]


http://dx.doi.org/10.1111/ggi.12688
http://dx.doi.org/10.1507/endocrj.EJ17-0390
http://dx.doi.org/10.1111/1753-0407.12874
http://dx.doi.org/10.2188/jea.JE20190289
http://dx.doi.org/10.1016/j.maturitas.2017.04.007
http://dx.doi.org/10.1016/j.exger.2020.110944
http://dx.doi.org/10.1210/en.2006-0251

Nutrients 2020, 12, 3220 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Muscariello, E.; Nasti, G.; Siervo, M.; Di Maro, M.; Lapi, D.; D’Addio, G.; Colantuoni, A. Dietary protein
intake in sarcopenic obese older women. Clin. Interv. Aging 2016, 11, 133-140. [CrossRef]

Isanejad, M.; Mursu, J.; Sirola, J.; Kroger, H.; Rikkonen, T.; Tuppurainen, M.; Erkkild, A.T. Association of
protein intake with the change of lean mass among elderly women: The Osteoporosis Risk Factor and
Prevention—Fracture Prevention Study (OSTPRE-FPS). J. Nutr. Sci. 2015, 4, e41. [CrossRef]

Shephard, R.J.; Park, H.; Park, S.; Aoyagi, Y. Objectively Measured Physical Activity and Progressive Loss of
Lean Tissue in Older Japanese Adults: Longitudinal Data from the Nakanojo Study. J. Am. Geriatr. Soc. 2013,
61,1887-1893. [CrossRef]

Yu, R.; Wong, M.; Leung, ].; Lee, J.; Auyeung, T.W.; Woo, J. Incidence, reversibility, risk factors and the
protective effect of high body mass index against sarcopenia in community-dwelling older Chinese adults.
Geriatr. Gerontol. Int. 2014, 14, 15-28. [CrossRef] [PubMed]

Deutz, N.E.P,; Bauer, ].M.; Barazzoni, R.; Biolo, G.; Boirie, Y.; Bosy-Westphal, A.; Cederholm, T,
Cruz-Jentoft, A.; Krznarig, Z.; Nair, K.S.; et al. Protein intake and exercise for optimal muscle function with
aging: Recommendations from the ESPEN Expert Group. Clin. Nutr. 2014, 33, 929-936. [CrossRef] [PubMed]
Bauer, J.; Biolo, G.; Cederholm, T.; Cesari, M.; Cruz-Jentoft, A.J.; Morley, J.E.; Phillips, S.; Sieber, C.;
Stehle, P; Teta, D.; et al. Evidence-Based Recommendations for Optimal Dietary Protein Intake in Older
People: A Position Paper From the PROT-AGE Study Group. J. Am. Med Direct. Assoc. 2013, 14, 542-559.
[CrossRef] [PubMed]

Cruz-Jentoft, A.J.; Landi, F.; Schneider, S.M.; Zuiiga, C.; Arai, H.; Boirie, Y.; Chen, L.-K,; Fielding, R.A;
Martin, EC.; Michel, ].-P; et al. Prevalence of and interventions for sarcopenia in ageing adults: A systematic
review. Report of the International Sarcopenia Initiative (EWGSOP and IWGS). Age Ageing 2014, 43, 748-759.
[CrossRef] [PubMed]

Kimura, T.; Okamura, T.; Iwai, K.; Hashimoto, Y.; Senmaru, T.; Ushigome, E.; Hamaguchi, M.; Asano, M.;
Yamazaki, M.; Fukui, M. Japanese radio calisthenics prevents the reduction of skeletal muscle mass volume
in people with type 2 diabetes. BM] Open Diabetes Res. Care 2020, 8, e001027. [CrossRef]

Sakai, R.; Hashimoto, Y.; Ushigome, E.; Miki, A.; Okamura, T.; Matsugasumi, M.; Fukuda, T.; Majima, S.;
Matsumoto, S.; Senmaru, T.; et al. Late-night-dinner is associated with poor glycemic control in people with
type 2 diabetes: The KAMOGAWA-DM cohort study. Endocr. J. 2018, 65, 395-402. [CrossRef]

Kaji, A.; Hashimoto, Y.; Kobayashi, Y.; Sakai, R.; Okamura, T.; Miki, A.; Hamaguchi, M.; Kuwahata, M.;
Yamazaki, M.; Fukui, M. Sarcopenia is associated with tongue pressure in older patients with type
2 diabetes: A cross-sectional study of the KAMOGAWA-DM cohort study. Geriatr. Gerontol. Int. 2018,
19, 153-158. [CrossRef]

Murakami, K.; Sasaki, S.; Takahashi, Y.; Okubo, H.; Hosoi, Y.; Horiguchi, H.; Oguma, E.; Kayama, F.
Dietary glycemic index and load in relation to metabolic risk factors in Japanese female farmers with
traditional dietary habits. Am. J. Clin. Nutr. 2006, 83, 1161-1169. [CrossRef]

Kimura, T.; Hashimoto, Y.; Tanaka, M.; Asano, M.; Yamazaki, M.; Oda, Y.; Toda, H.; Marunaka, Y,;
Nakamura, N.; Fukui, M. Sodium-chloride Difference and Metabolic Syndrome: A Population-based
Large-scale Cohort Study. Intern. Med. 2016, 55, 3085-3090. [CrossRef]

Matsuo, S.; Imai, E.; Horio, M.; Yasuda, Y.; Tomita, K.; Nitta, K.; Yamagata, K.; Tomino, Y.; Yokoyama, H.;
Hishida, A. Revised Equations for Estimated GFR From Serum Creatinine in Japan. Am. J. Kidney Dis. 2009,
53,982-992. [CrossRef]

Kim, M.; Shinkai, S.; Murayama, H.; Mori, S. Comparison 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. 2014, 15, 1013-1022. [CrossRef] [PubMed]
Chen, L.-K.; Woo, ].; Assantachai, P.; Auyeung, T.-W.; Chou, M.-Y,; Iijima, K,; Jang, H.C.; Kang, L.; Kim, M.;
Kim, S.; et al. Asian Working Group for Sarcopenia: 2019 Consensus Update on Sarcopenia Diagnosis and
Treatment. J. Am. Med Direct. Assoc. 2020, 21, 300-307.€2. [CrossRef]

Mitchell, W.K,; Williams, J.; Atherton, PJ.; Larvin, M.; Lund, J.N.; Narici, M. Sarcopenia, Dynapenia, and the
Impact of Advancing Age on Human Skeletal Muscle Size and Strength; a Quantitative Review. Front. Physiol.
2012, 3, 260. [CrossRef] [PubMed]

Lemmens, H.J.M.; Brodsky, ].B.; Bernstein, D.P. Estimating Ideal Body Weight—A New Formula. Obes. Surg.
2005, 15, 1082-1083. [CrossRef]


http://dx.doi.org/10.2147/CIA.S96017
http://dx.doi.org/10.1017/jns.2015.31
http://dx.doi.org/10.1111/jgs.12505
http://dx.doi.org/10.1111/ggi.12220
http://www.ncbi.nlm.nih.gov/pubmed/24450557
http://dx.doi.org/10.1016/j.clnu.2014.04.007
http://www.ncbi.nlm.nih.gov/pubmed/24814383
http://dx.doi.org/10.1016/j.jamda.2013.05.021
http://www.ncbi.nlm.nih.gov/pubmed/23867520
http://dx.doi.org/10.1093/ageing/afu115
http://www.ncbi.nlm.nih.gov/pubmed/25241753
http://dx.doi.org/10.1136/bmjdrc-2019-001027
http://dx.doi.org/10.1507/endocrj.EJ17-0414
http://dx.doi.org/10.1111/ggi.13577
http://dx.doi.org/10.1093/ajcn/83.5.1161
http://dx.doi.org/10.2169/internalmedicine.55.7000
http://dx.doi.org/10.1053/j.ajkd.2008.12.034
http://dx.doi.org/10.1111/ggi.12384
http://www.ncbi.nlm.nih.gov/pubmed/25345548
http://dx.doi.org/10.1016/j.jamda.2019.12.012
http://dx.doi.org/10.3389/fphys.2012.00260
http://www.ncbi.nlm.nih.gov/pubmed/22934016
http://dx.doi.org/10.1381/0960892054621350

Nutrients 2020, 12, 3220 11 of 11

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Standard Tables of Food Composition in Japan; Ministry of Education, Culture, Sports, Science and Technology:
Tokyo, Japan, 2010. (In Japanese). Available online: https://www.mext.go.jp/b_menu/shingi/gijyutu/gijyutu3/
houkoku/1298713.htm (accessed on 20 October 2020).

Kobayashi, S.; Murakami, K.; Sasaki, S.; Okubo, H.; Hirota, N.; Notsu, A.; Fukui, M.; Date, C. Comparison of
relative validity of food group intakes estimated by comprehensive and brief-type self-administered
diet history questionnaires against 16 d dietary records in Japanese adults. Public Health Nutr. 2011,
14,1200-1211. [CrossRef]

Kaji, A.; Hashimoto, Y.; Kobayashi, Y.; Wada, S.; Kuwahata, M.; Yamazaki, M.; Fukui, M. Protein intake is not
associated with progression of diabetic kidney disease in patients without macroalbuminuria. Diabetes Metab.
Res. Rev. 2019, 35, €3150. [CrossRef]

Chitturi, S.; Farrell, G.C.; Hashimoto, E.; Saibara, T.; Lau, G.K.K,; Sollano, J.D.; Nafld, A.-PW.P.O.
Non-alcoholic fatty liver disease in the Asia-Pacific region: Definitions and overview of proposed guidelines.
J. Gastroenterol. Hepatol. 2007, 22, 778-787. [CrossRef] [PubMed]

Franzke, B.; Neubauer, O.; Cameron-Smith, D.; Wagner, K.-H. Dietary Protein, Muscle and Physical Function
in the Very Old. Nutrients 2018, 10, 935. [CrossRef]

English, K.L.; A Mettler, J.; Ellison, ].B., Mamerow, M.M.; Arentson-Lantz, E.J.; Pattarini, ].M.;
Ploutz-Snyder, R.; Sheffield-Moore, M.; Paddon-Jones, D. Leucine partially protects muscle mass and
function during bed rest in middle-aged adults. Am. J. Clin. Nutr. 2015, 103, 465-473. [CrossRef] [PubMed]
Kumar, V.; Atherton, P.; Smith, K.; Rennie, M.J. Human muscle protein synthesis and breakdown during and
after exercise. J. Appl. Physiol. 2009, 106, 2026-2039. [CrossRef]

Tipton, K.D.; Borsheim, E.; Wolf, S.E.; Sanford, A.P,; Wolfe, R.R. Acute response of net muscle protein balance
reflects 24-h balance after exercise and amino acid ingestion. Am. ]. Physiol. Metab. 2003, 284, E76—E89.
[CrossRef] [PubMed]

Zhao, ] X,; Liu, X.D.; Li, K;; Liu, W.Z; Ren, Y.S.; Zhang, ] X. 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. 2016, 57, 63-70. [CrossRef] [PubMed]

Zhao, ].X,; Liu, X.D.; Zhang, ].X.; Y, W.; Li, H.Q. Effect of different dietary energy on collagen accumulation
in skeletal muscle of ram lambs]1. J. Anim. Sci. 2015, 93, 4200-4210. [CrossRef] [PubMed]

Coelho-Junior, H.].; Marzetti, E.; Picca, A.; Cesari, M.; Uchida, M.; Calvani, R. Protein Intake and Frailty:
A Matter of Quantity, Quality, and Timing. Nutrients 2020, 12, 2915. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


https://www.mext.go.jp/b_menu/shingi/gijyutu/gijyutu3/houkoku/1298713.htm
https://www.mext.go.jp/b_menu/shingi/gijyutu/gijyutu3/houkoku/1298713.htm
http://dx.doi.org/10.1017/S1368980011000504
http://dx.doi.org/10.1002/dmrr.3150
http://dx.doi.org/10.1111/j.1440-1746.2007.05001.x
http://www.ncbi.nlm.nih.gov/pubmed/17565630
http://dx.doi.org/10.3390/nu10070935
http://dx.doi.org/10.3945/ajcn.115.112359
http://www.ncbi.nlm.nih.gov/pubmed/26718415
http://dx.doi.org/10.1152/japplphysiol.91481.2008
http://dx.doi.org/10.1152/ajpendo.00234.2002
http://www.ncbi.nlm.nih.gov/pubmed/12388164
http://dx.doi.org/10.1016/j.domaniend.2016.05.010
http://www.ncbi.nlm.nih.gov/pubmed/27565232
http://dx.doi.org/10.2527/jas.2015-9131
http://www.ncbi.nlm.nih.gov/pubmed/26440200
http://dx.doi.org/10.3390/nu12102915
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Patients 
	Lifestyle, Medications, and Laboratory Data Collection 
	Measurement of Body Composition Determined by Bioelectric Impedance 
	Estimation and Assessment of Habitual Food and Nutrient Intake 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

