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Abstract

Background It has been reported that exercise could improve diabetes via the VitD-FGF23-sKlotho axis.

Objective We evaluated the effects of 8 weeks of endurance and resistance training on serum levels of fibroblast growth fac-
tor 23 (FGF23), soluble klotho (s-Klotho), 1,25-dihydroxyvitamin D (VitD), and diabetes biomarkers in overweight/obese
postmenopausal type 2 diabetic (T2DM) women.

Methods Thirty overweight/obese postmenopausal women with T2DM were randomly divided into three groups, including
endurance exercise (3 days/week of walking and jogging), resistance exercise (60 min weight resistance training 3 days/
week), and control groups (no physical activity and dietary change). Before and after the 8-week training, serum levels of
FGF23, s-Klotho, VitD, blood sugar, lipid profile, and hemoglobin Alc (HbAlc) as well as anthropometric, physiological,
and cardiac characteristics were evaluated.

Results The endurance or resistance training did not significantly change the anthropometric and cardiac parameters
(p>0.05), and only fat percent, resting heart rate, and systolic blood pressure levels were significantly decreased after the
endurance exercise (p <0.05). Both endurance and training exercises could improve serum levels of insulin and glucose. The
serum levels of FGF23 and s-Klotho were significantly increased in the endurance and resistance groups (p <0.05), while
no significant change was found in the VitD levels.

Conclusion Physical exercises, especially the endurance feature of the training modality, could increase serum FGF23 and
s-Klotho levels and decrease FBG and HbA 1c levels in postmenopausal T2DM women which might be a sign of improve-
ment in glucose metabolism through regulation of VitD-FGF23-s-klotho axis.
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Introduction

Diabetes mellitus is one of the most common metabolic dis-
orders affecting more than 415 million people worldwide
[1]. Type 2 diabetes mellitus (T2DM) accounts for more
than 90% of patients with diabetes [1]. Different cellular and
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molecular factors have been introduced as potential players
in T2DM pathogenesis such as klotho and fibroblast growth
factor 23 (FGF-23) [2].

Klotho, a single-unit membrane protein, binds to the FGF-23
as a co-receptor to maintain endocrine system homeostasis [3].
Klotho is associated with FGF-23, and insulin-like growth fac-
tor 1 (IGF-1) is involved in the regulation of energy metabolism
and insulin resistance [4]. It has been demonstrated that a reduc-
tion in the serum level of soluble klotho (s-Klotho) could cause
metabolic diseases such as T2DM [4]. In vitro studies indicated
that s-klotho could inhibit the auto-phosphorylation of insulin
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and IGF-1 receptors. Moreover, mice with deficient klotho
showed hypoglycemia and hypo-insulinemia with elevated
insulin sensitivity [5]. Recently, clinical studies demonstrated
that higher serum levels of FGF23 were also associated with an
increased risk of metabolic disorders and mortality in T2DM
patients [6]. In addition, studies reported that 1,25-dihydroxy-
vitamin D (VitD) deficiency is associated with the development
of T2DM [7]. Since FGF23 regulates VitD production as well
as klotho expression [8], the VitD-FGF23-sKlotho axis might
play an important role in the development of T2DM [2, 9].
Besides the genetic factors, a sedentary lifestyle and obe-
sity are also risk factors for T2DM [10]. In contrast, physi-
cal exercise is an important non-pharmacological interven-
tion to take care of T2DM patients’ health. Previous studies
documented that aerobic exercise could improve blood levels
of s-Klotho [11, 12], and consequently inflammation [13]
and endothelial dysfunction [12]. Furthermore, it has been
shown that concurrent exercise increased s-Klotho, but not
serum FGF23 in patients with end-stage renal failure [14].
Considering the well-known beneficial influences of
both endurance and resistance exercises on T2DM and its
complications by regulation of the VitD-FGF23-sKlotho
axis, in this study, we investigated the effects of 8 weeks
of moderate-intensity endurance as well as resistance train-
ing on serum levels of FGF23, sKlotho, vitamin D, diabe-
tes biomarkers (fasting blood sugar and hemoglobin Alc
(HbAlc)), and physiological parameters in overweight/obese
postmenopausal type 2 diabetic (T2DM) women.

Materials and methods
Study design

This randomized controlled trial study was conducted
according to the guidelines of the Declaration of Helsinki,
and all the procedure was approved by the Ethical Commit-
tee of Urmia University. Moreover, written informed con-
sent was obtained from all participants before entering the
study. In terms of sample size, we took into consideration
three factors and recruited 30 participants: (a) the sample
sizes of previous studies examining the impact of exercise
on klotho levels [15, 16] [11], (b) calculations derived from
the following formula for randomized control trials (RCT)
as advised by Charan et al. [17], assuming a type one error
of 5% (Za/2 =1.96) and power of 80% (Z=0.84).

2X SD* X (Zyy + Zp)°
n=
d2

Thirty overweight/obese postmenopausal women with
T2DM were recruited and randomly divided into three
groups based on the exercise type: (1) endurance exercise

(n=10), (2) resistance exercise (n=10), and (3) control
(n=10) groups. The inclusion criteria for this study were (1)
women aged 50-60 years old who had passed their meno-
pause at least 5 years ago, (2) overweight or obese women
with body mass index (BMI) > 25 kg/m?, (3) having fasting
blood glucose of > 126 mg/dl, (4) having serum levels of
hemoglobin Alc (HbAlc) > 6/4 mg/dl, (5) having 2-h post-
prandial blood glucose >200 mg/dl, (6) having a history of
T2DM for more than 1 year, (7) taking metformin alone as
the medication with a dose of 500—1000 mg /day, and (8) no
history of regular exercise. Moreover, we excluded patients
who had hormone therapy (e.g., insulin injection) and smok-
ing for at least 6 months before the study and patients who
had other chronic diseases such as cardiovascular diseases
(CVDs), pulmonary diseases, cerebrovascular diseases, fatty
liver disease, bone disorders, diabetic deformities, and dia-
betic nephropathy. By the end of the study, two women from
each group were unable to complete the study due to irregu-
lar participation in exercise protocol, car accident-related
trauma, or absence of blood sampling at week 8.

Exercise protocols

Assessment of physical activity and energy expenditure was
expressed in terms of metabolic equivalent of tasks (METSs)
in all participants.

Endurance exercise was performed 3 days/week
(180-190 min per week) at 70-75% of each individual’s
maximal heart rate reserve (HRmaxR) as walking and jog-
ging training for 8 weeks in the endurance group. In the first
week, this group performed moderate-intensity endurance
exercise training intervention at 50-60% of HRmaxR. Dur-
ing the second week, the exercise intensity was increased
to 60-70% of HRmaxR. In the last 6 weeks, participants
were trained at 70-75% of HRmaxR. Each training session
included 10 min of prior warm-up and 5 min of cooling
down (active-recovery) on a treadmill at an ambient tem-
perature of 2628 °C and relative humidity of 47%. During
the exercise, the heart rate of participants was recorded using
a heart rate monitor (Polar Pacer, T415C, Finland) to con-
trol the intensity of the exercise. All exercise sessions were
performed between 09:00 and 10:00 A.M., and participants
were supervised by an exercise physiologist.

Resistance exercise training was also performed for
8 weeks, and the training was adjusted based on the one-
repetition maximum (1-RM) of each participant which is the
maximum amount of weight that the participant could lift for
one repetition. The 1-RM test was conducted using Brzyski’s
method to determine maximal strength in each resistance
training. The training was a warm up—rtesistance exercise
training program—cool down with 50-60% 1-RM (the first
week for preparatory training), 60-70% 1-RM (the second
week), and 70-75% 1-RM (6 weeks) individually in the gym
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for three sessions per week in the morning (between 09:00
and 10:00 A.M.). Resistance training intervention included
60-min weight resistance training exercises consisting of nine
stations (1—leg extension, 2—Ileg curl, 3—chest press, 4—
leg press, 5—seated cable row, 6—Lat pull down behind the
neck, 7—cable crunch, 8—dumbbell biceps curl first 2.5 up to
5 kg, and 9—dumbbell triceps curl first 2.5 up to 5 kg, respec-
tively), and each session involved three sets of eight to nine
repetitions at 70-75% of 1-RM. The resting time between sets
and stations was 10 s. The warm-up for resistance training was
performed as 10 min of walking and jogging on a treadmill.
The control group continued their normal sedentary lifestyle
and dietary habits with no physical activity during the study.

Measurements

Physiological characteristics Weight, BMI, resting heart
rate, body fat percentage, waist circumference or hip cir-
cumference, and/or waist-to-hip ratio (WHR) were evaluated
in all participants at baseline.

Dietary intake assessment Dietary recall data was assessed
via a 24-h dietary recall record to control participants’ diet
(Bailey et al., 2009) at baseline and after the 8-week train-
ing. The participants were requested to maintain their nor-
mal diet during the 8 weeks and were instructed to consume
a diet as similar as possible on each sampling day. Nutrition
analysis software was used for nutrition and dietary data
(Nutrition data proTM v1.1, StarApps Co, USA).

Serum markers Five milliliters of fasting blood sample was
collected from all participants at baseline and 48 h after the
8-week training. After isolation of serum, levels of FGF23

(Bioassay technology-FGF23, E4142Hu, China), s-Klotho
(Bioassay Technology-Klotho, E4142Hu, China), and VitD
(ParsTest-Vitamin D, Iran) were evaluated by commercial
enzyme-linked immunosorbent assay (ELISA) kits using
Elisa reader (EpoccH2, Iran). Moreover, levels of insulin,
cholesterol, triglyceride, low-density lipoprotein (LDL), high-
density lipoprotein (HDL), fasting blood glucose (FBG), and
HbAlc were measured by standard automated laboratory
techniques (AutoAnalyzer, Biotecnica BT-1500, Italy).

Statistical analysis

The statistical software program SPSS (SPSS Co, Chicago
IL, version 23) was used for the data analyses. All data are
expressed as means + standard deviation (SD) and checked
for normality using Kolmogorov—Smirnov and homogenize
of variances (Levene’s test) tests. Paired samples ¢ test was
employed to evaluate the difference between baseline and
after 8-week training in each group. The ANOVA test fol-
lowing the Tukey post hoc test was used to compare data
among three groups. The significance level was considered
ata p<0.05.

Results
Anthropometric characteristics

There was no significant difference in age, menopause age,
BMI, waist circumference, hip circumference, waist-to-hip
ratio (WHR), and fat percentage among the endurance,
resistance, and control groups at baseline (p > 0.05, Table 1).
Moreover, 8-week endurance or resistance training did not

Table 1 Anthropometric characteristics of study groups before and after an 8-week exercise training

Endurance group (n=10)

Resistance group (n=10) Control group (n=10)

Age (year) 55.12+2.85

Menopause age (year) 7.5+32

BMI (kg/mz) Before 32.98+4.26
After 30.31+3.77

Waist circumference (cm) Before 95.75+5.72
After 93.62+5.73

Hip circumference (cm) Before 109.87+9.43
After 106.37+10.09

WHR (cm) Before 0.87+0.07
After 0.88+0.09

Fat percentage (%) Before 40.70+3.27
After 37.07£3.75*$

58.12+3.18 55.75+3.61
12.0£8.7 8.66+1.52
31.13+£3.44 31.18+4.75
30.16+£3.79 31.55+4.84
94.5+7.80 94.37+£6.92
90.50+7.21 93.25+5.52
109.12£7.96 107.12+£9.37
107.62+£7.30 108.75+11.07
0.84+0.02 0.88+0.08
0.83+0.03 0.86+0.09
39.38+4.83 40.41+6.96
37.89+4.45 39.11+£7.92

Values are presented as mean + SD; before, baseline levels before the exercise training; after, 48 h after 8-week training

BMI body mass index; WHR waist-to-hip ratio

“Significant difference (p <0.05) between before and after exercise in each group; Ssignificant difference (p <0.05) with the control group
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significantly change the anthropometric factors in the related
groups (p > 0.05) except fat percent percentage that signifi-
cantly reduced after endurance exercise (p <0.05).

Physiological and cardiac characteristics

Physiological and cardiac parameters before and after an 8-week
exercise training in the endurance, resistance, and control groups
are listed in Table 2. Our results showed no significant difference
in VO2max, resting heart rate, SBP, DBP, and METs among the
groups at the baseline level. Furthermore, no significant results
were obtained when we compared these factors before and after
the training course in each group; however, resting heart rate
and SBP levels were significantly decreased after the endurance
exercise (p<0.05, Table 2).

Dietary intake

Dietary intake parameters including total energy intake
(TEI), fat, carbohydrate, and protein were not significantly
different among groups before the training course and after
8 weeks of training (p > 0.05, Table 3).

Biochemical markers

As shown in Table 4, there was no significant difference
in the lipid profile of participants at the baseline level
(p>0.05). However, we found that both endurance and
resistance exercises for 8 weeks could significantly decrease
serum levels of cholesterol, TG, and LDL and also signifi-
cantly increased HDL levels. Moreover, levels of all these
factors in the endurance group were significantly different
from the control group after the training course (p <0.05).
Whereas, the results showed that only TG levels were sig-
nificantly different between the control and resistance groups
after the 8-week training (p <0.05).

Interestingly, both endurance and training exercises for
8 weeks could significantly improve serum levels of insulin
and FBG (p <0.05, Table 4). Moreover, endurance exercise
had a significant effect on serum levels of HbA Ic; this effect
was not observed in the resistance group. Our results showed
that the endurance exercise had more effect on levels of FBG
compared to the resistance exercise (Table 4).

After an 8-week training, serum levels of FGF23 and
s-Klotho were significantly increased in the endurance

Table 2 Physiological and cardiac characteristics of study groups before and after an 8-week exercise training

Endurance group (n=10)

Resistance group (n=10) Control group (n=10)

VO,max (ml/kg/min) Before 32.22+2.73
After 37.85+5.49
Resting heart rate (b/min) Before 80.0+9.43
After 71.0£6.12%$
SBP (mmHg) Before 134.0+15.16
After 121.5+13.20%$
DBP (mmHg) Before 91.0+11.40
After 82.0+9.56

31.23+3.02 30.43+£2.25
33.20+£5.36 31.01£1.65
82770 +8.11 81.50+6.86
76.41+9.04 80.10+£7.28
136.66+8.16 132.75+12.25
130.42+9.33 135.68+10.18
92.0+3.1 90.0+3.46
87.1+5.2 89.2+6.23

Values are presented as mean +SD

VO,max maximal oxygen consumption, SBP systolic blood pressure, DBP diastolic blood pressure, MET metabolic equivalent of task

“Significant difference (p <0.05) between before and after exercise in each group; $significant difference (p <0.05) with the control group

Table 3 Comparison of the dietary intake at baseline and after 8-week training among study groups

Endurance group (n=10)

Resistance group (n=10) Control group (n=10)

Total energy intake (kcal/d) Before 2121.35+453.59
After 2146.10+458.31
Fat (g) Before 96.74 +24.31
After 92.90+15.22
Carbohydrate (g) Before 201.74+65.69
After 201.10+£63.72
Protein (g) Before 65.53+27.05
After 57.63+£15.26

1927.35+339.39 1943.93 +£412.57
1949.80 +285.64 1942.46 +386.86
98.38 +39.59 80.19+38.88
93.53+35.88 80.42+37.41

167.21£91.07
151.80+60.67
75.80+25.39
76.60+25.10

146.37+£71.21
141.50£63.13
85.07+27.05
80.91+£27.01

Values are presented as mean +SD. Before, baseline levels before the exercise training; After, 48 h after 8-week training. No significant differ-
ence (p <0.05) was found among the groups or in each group before and after 8-week training
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Table 4 Biochemical characteristics of study groups before and after an 8-week exercise training

Endurance group (n=10)

Resistance group (n=10)

Control group (n=10)

192.0+£43.07 188.5+39.34

166.13 +£38.70* 190.37£27.47
263.62+29.76 262.75+54.88
220.75 +30.54*$ 263.88+53.51

101.05+£22.67
86.24 +£23.22%

103.62+29.09
104.84 +£27.31

Cholesterol (mg/dl) Before 190.13+37.77
After 147.75 +£22.72%$
Triglyceride (mg/dl) Before 262.0+26.13
After 193.10+28.74*$
LDL (mg/dl) Before 100.06 +19.88
After 80.59 + 14.65*$
HDL (mg/dl) Before 38.27+7.89
After 53.46+13.02%$
Insulin (IU/ml) Before 18.00+2.13
After 12.12+1.24%$
FBG (mg/dl) Before 218.37+28.59
After 136.75+24.2%%
HbAlc (mg/dl) Before 8.58+0.86
After 7.8 +£0.66*
FGF23 (pg/ml) Before 150.75+4.16
After 178.38 +12.70%$
s-Klotho (ng/ml) Before 1.46+0.14
After 1.83+0.18%$
VitD (pmol/l) Before 34.89+3.45
After 34.47+2.63

38.96+13.72 37.87+16.81
50.05+13.63* 37.63+16.31
17.75+3.10 17.87+2.10
13.62+2.44*.$ 17.75+£2.49
221.25+22.75 219.88+29.92
173.88 £ 8.27*#$ 218.0+28.25
8.7+0.94 8.46+0.73
8.22+1.06 8.48+0.67
156.88 +£7.58 155.0£9.19
169.25+11.61%$ 152.75+£8.61
1.47+0.16 1.48+0.19
1.79+0.14%$ 1.42+0.10
34.41+4.58 34.22+3.45
33.94+2.28 34.37+2.36

Values are presented as mean + SD. Before, baseline levels before the exercise training; After, 48 h after 8-week training
LDL low-density lipoprotein, HDL high-density lipoprotein, FBG fasting blood glucose, HbAIc hemoglobin Alc, FGF23 fibroblast growth fac-

tor 23, s-Klotho soluble klotho, VitD 1,25-dihydroxyvitamin D

“Significant difference (p <0.05) between before and after exercise in each group; #significant difference (p <0.05) with the endurance group;

$significant difference (p <0.05) with the control group

and resistance groups (p <0.05, Table 4), while no sig-
nificant change was found in the VitD levels. The levels
of FGF23 and s-Klotho were significantly higher in both
exercise groups compared to the control group after the
training course (p < 0.05, Table 4).

Considering the obtained results showing significant
effect of the 8-week intervention on FGF23, s-Klotho,
FBG, and HbAlc levels, further statistical analyses were
conducted to find possible association among these serum
factors (Table 5). We found significant positive correlations
between FGF23 and s-Klotho before (r=0.425, p=0.031)
and after (r=0.683, p<0.001) the intervention. Moreo-
ver, serum levels of FBG had negative correlations with
s-Klotho (r=—0.377, p=0.048) before and with s-Klotho
(r=-0.727, p<0.001) and FGF23 (r= —0.646, p <0.001)
after the 8-week intervention. The FGF23 also had signifi-
cant positive correlations with insulin before and after the
intervention. We also observed a significant correlation
between s-Klotho and insulin after the 8-week intervention
(r=0.507 and p=0.004).

@ Springer

Discussion

The VitD-FGF23-sKlotho axis is impaired in diabetic
patients, exacerbating cardiac and kidney complications
[2, 9]. On the other hand, it has been well-documented
that physical exercise can improve diabetes-related issues
[10]. Therefore, in this study, we investigated the effects
of 8 weeks of endurance and resistance exercises on serum
levels of FGF23, s-Klotho, and VitD, as well as lipid and
carbohydrate profiles in overweight/obese postmenopausal
T2DM women.

We found that an 8-week endurance or resistance train-
ing could not significantly improve the anthropometric
indicators. Previous studies also showed mixed results
regarding the beneficial effects of exercise on anthropo-
metric characteristics. In this regard, some studies showed
that exercise could effectively reduce obesity parameters
[18, 19]. However, in line with our study, several reports
confirmed a lack of significant improvement in the anthro-
pometric indices after short-time exercise [20, 21]. No
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Table 5 Correlation among FGF23 sKlotho  FBG HbAlc Tnsulin
serum factors at before and after
the 8-week interventions Before (1=30)  VitD r=0.089  r=0006 r=-0.106 r=-0037  r=0217
p=0.641 p=0.973 p=0.578 p=0.846 p=0.250
FGF23 - r=0.425 r=—0.087 r=-0.084 r=0.474
p=0.031 p=0.646 p=0.659 p=0.008
s-Klotho - - r=-—0.377 r=-0.318 r=0.217
p=0.048 p=0.087 p=0.250
FBG - - - r=0.359 r=-0.122
p=0.044 p=0.522
HbAlc - - - - r=-0.213
p=0.259
After (n=30) VitD r=0.191 r=0.246 r=-0.150 r=-0.212 r=0.244
p=0.313 p=0.190 p=0.430 p=0.351 p=0.193
FGF23 - r=0.683 r=—0.646 r=-0.190 r=0.594
p<0.001  p<0.001 p=0.315 p=0.001
s-Klotho - - r=-—0.727 r=-0.077 r=0.507
p<0.001 p=0.687 p=0.004
FBG - - - r=0.304 r=-0.331
p=0.050 p=0.074
HbAlc - - - - r=-0.173
p=0.360

VitD 1,25-dihydroxyvitamin D, FGF23 fibroblast growth factor 23, s-Klotho soluble klotho, FBG fasting
blood glucose, HbAIc hemoglobin Alc

significant change in the anthropometric parameters could
be due to the short time of the exercise. Rica et al. [22]
have also reported that 8-week water-based exercise did
not affect the obesity parameters in obese older women. It
seems a long-term follow-up is required to obtain a signifi-
cant result. Moreover, the second reason for these findings
could be a lack of control over the participants’ dietary
intake. In this regard, Alrushud et al. [23] documented that
exercise with dietary restriction can result in satisfactory
improvement of obesity parameters.

Our results demonstrated that both endurance and resist-
ance exercises could significantly improve the lipid profiles
of participants. However, the effect of endurance exercise
was stronger than the resistance exercises on serum lipid
parameters. The beneficial effects of physical activities on
lipid metabolism and consequently blood lipid profile have
been well-documented in previous studies [24, 25]. In con-
sistence with our findings, Banz et al. [26] demonstrated that
10 weeks of endurance exercise but not resistance training
could improve HDL levels in obese individuals. This group
suggested that endurance training with high intensity is more
effective than resistance exercise. Research has shown that
resistance exercise can effectively enhance lipid profiles by
reducing body fat mass, a process that typically requires a
substantial length of time [27]. Given the duration of our
intervention, coupled with the insignificant difference in
fat percentage following resistance exercise in our study,
the relatively low beneficial impact on lipid profiles from
this exercise type when compared to endurance exercise can

be understood. Additionally, it has been reported that the
stimulation of beta-adrenergic receptors is a key factor in
increasing lipolysis, which in turn elevates blood cholesterol,
TG, and LDL levels [28]. Conversely, it has been found that
endurance exercise reduces the activation of these receptors,
thereby improving blood lipid profiles [29].

We found that 8-week endurance and resistance exercises
could increase serum levels of FGF23 and s-klotho. These
findings were consistent with the results of the Middelbeek
et al.’s [11] study that reported an elevation in the klotho
concentration after 2 weeks of moderate-intensity cycle
ergometer exercise in sedentary men. In addition, Matsubara
et al. [16] demonstrated that 12 weeks of moderate-intensity
endurance exercise training increased plasma klotho con-
centration in healthy postmenopausal women. It is possible
that elevation in serum s-Klotho following the exercise could
be due to an increase in peroxisome proliferator-activated
receptors (PPARs) and a decrease in angiotensin II type I
receptor (AT1R) signaling pathways [30]. Fakhrpour et al.
[14] also showed that 16 weeks of concurrent aerobic and
resistance intervention increased circulating klotho in main-
tenance hemodialysis patients. However, this group did not
observe a significant change in the circulating levels of
FGF23 after the exercise [14]. Keshavarzi et al. [31] also
found no significant change in the serum levels of FGF23
after 12 weeks of aerobic exercise in hypertensive elderly
women which is inconsistent with our findings. The incon-
sistency might be due to the type of exercise, the interven-
tion period, and the study population status.
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In line with Jorge et al.’s [32] study, we indicated that
both endurance and resistance exercises could improve
glucose metabolism, insulin resistance, and diabetes
risk factors. On the other hand, studies have shown that
improvement in glucose metabolism is associated with
better regulation of the VitD-FGF23-s-Klotho axis [2,
9]. In support of this mechanism, the current study also
demonstrated an increase in the levels of both FGF23 and
s-Klotho. Moreover, we found significant positive corre-
lation between FGF23 and s-Klotho before and after the
intervention. On the other hand, the serum levels of FBG
had negative correlations with s-Klotho (before and after)
and FGF23 (after). The FGF23 also had significant posi-
tive correlations with insulin before and after the interven-
tion. Although we did not observe a significant increase in
the serum levels of VitD; it might be due to the relatively
short-term (8-week) intervention, obesity, and diabetes of
participants as well as being in the postmenopausal period.
It can be hypothesized that exercise-induced FGF23 could
promote several mechanisms such as improvement in (1)
calcium-phosphate homeostasis and renal calcium re-
absorption [33, 34], (2) glucose metabolism and insulin
resistance [6], and (3) cardiac function and blood pres-
sure [33] and thereby modulate diabetes complications.
However, it should be mentioned that information about
the association of exercise with the VitD-FGF23-s-klotho
axis and the role of glucose metabolism in this signal-
ing is very limited, and further investigations are required
to clarify the exact underlying mechanism(s). Neverthe-
less, previous studies mentioned the association of FGF23
with impaired glucose metabolism and increased risk of
diabetes [6, 34]. Our study had several limitations which
should be considered in future studies including relatively
short-time intervention, lack of diet restriction, and also
no molecular evaluation of the potential mechanisms in
the effect of exercise on the VitD-FGF23-s-klotho axis.

Conclusion

In conclusion, we found that both endurance and resistance
exercises could increase serum FGF23 and s-Klotho levels
and decrease FBG and HbAlc levels in postmenopausal
diabetic women which might be a sign of improvement in
glucose metabolism through regulation of VitD-FGF23-s-
klotho axis.
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