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Abstract

Background: Despite the preventive role of resistance training (RT) in the progress of type 2 diabetes, its effects on diabetes-related
kidney complications are still unknown.

Objectives: This study was done to investigate the impacts of RT on kidney function of type 2 diabetic patients with the risk of
nephropathy.

Methods: Twenty-two middle-aged men with type 2 diabetes (age: 52.8 & 7.3, body mass index (BMI): 27.4 + 3.1) were randomly allo-
cated into the control group (CG: n =12) or resistance training group (RTG: n =10). Subjects performed a circuit RT program [three
times a week, 60 min/session, six exercises, three sets, 8 - 15 repetitions, 50 - 80% one-repetition maximum (1RM)] for eight consec-
utive weeks. Clinical parameters, including insulin-like growth factor-binding protein 3 (IGFBP-3), estimated glomerular filtration
rate (eGFR), fasting glucose, fasting insulin, and insulin resistance, were measured before and after eight weeks.

Results: IGFBP-3 levels significantly increased (47.8%) in CG, while they remained unchanged in the RTG. eGFR levels significantly
decreased (16.7%) in the CG but remained unchanged in the RTG. Fasting blood glucose and insulin resistance index (HOMA-IR) levels
significantly decreased (16.7% and 27.2%, respectively) in the RTG compared to the CG; however, for fasting insulin, no significant
change was observed (8.5%).

Conclusions: The results indicated that although RT did not improve the kidney function of the RTG, by improving the glycemic
control, it prevented the development of renal dysfunction into diabetic nephropathy, while the renal dysfunction of the CG deteri-
orated over the training period, probably due to the lack of training intervention. Further studies with a longer training period are
required to clarify the effects of RT on the development of diabetic nephropathy.
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1. Background uria (more than 500 mg of protein or 300 mg of albumin
per 24 hours) in patients without urinary tract infection or
other diseases causing the proteinuria (5). According to a
report by the International Diabetes Federation (IDF), DN
accounts for 44% of new cases of end-stage renal disease
(ESRD) and 18% of death in diabetics and is the main con-

tributor to the total cost of diabetes care worldwide (6).

Diabetes is responsible for the death of countless peo-
ple across the world each year (1). According to a surpris-
ing report by Saeedi et al., almost 500 million people suf-
fer from diabetes worldwide, and the number is expected
to increase to 578 million by 2030 and 700 million by 2045
(2). Type 2 diabetes (T2D) accounts for 90 - 95% of this popu-
lation, inducing various serious long-term complications,

The current standard clinical methods for detecting
early-stage kidney disease rely upon the assessment of

both microvascular and macrovascular (3, 4).

Chronic kidney disease (CKD) is the most prevalent
diabetes-related complication (up to one in three adults
with newly diagnosed T2D have CKD), which mostly de-
velops into diabetic nephropathy (DN) after several years.
DN refers to a characteristic set of structural and func-
tional kidney abnormalities, defined as persistent protein-

kidney function, usually by calculating the estimated
glomerular filtration rate (eGFR), and the assessment of
kidney damage, usually by checking urinary albumin-to-
creatinine ratio (ACR) (7, 8). However, ACR and eGFR have
intraindividual differences and may have prognostic er-
rors. As such, it is necessary to use alternative biomarkers
to correctly identify the increased risk of diabetic kidney
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disease (DKD) (7, 9-12). Insulin-like growth factor-binding
protein 3 (IGFBP-3) is one of the most important protein
biomarkers that can predict future renal decline differ-
ently from other clinical risk factors in diabetic patients (13,
14). The involvement of IGFBP-3 in diabetic microalbumin-
uria and DN has been widely studied (13). The plasma level
of IGFBP-3 can be associated with eGFR in patients with DN.
Itisalsosignificantly higherin patients with DN than those
with T2D with normal kidney function (7, 8, 15-17). Such
datasupport the importance of IGFBP-3 in detecting the de-
velopment of DN.

Nevertheless, in addition to early detection, proper in-
tervention is also vitally necessary to control further dete-
rioration in the kidney function of diabetic patients. Nu-
merous studies have shown that physical activity and ex-
ercise, as a non-pharmacological treatment for a healthy
lifestyle, are significantly effective in DN improvement and
slowing its progression in T2D patients (18, 19). Physical
activity is associated with increased eGFR, decreased uri-
nary albumin creatinine ratio (UACR), and decreased rate
of microalbuminuria in diabetics (18,19). Nevertheless, the
type of exercise is highly important. In line with this, pre-
vious studies have indicated that vigorous exercises, such
as RT are more effective in improving glycemic profiles of
diabetic patients than moderate training (aerobic) (20-22).
RT can improve blood lipid profiles, insulin sensitivity, glu-
cose tolerance, glycemic control, and resting blood pres-
sure. All these factors are the major determinant mecha-
nisms of T2D (23). Besides, since the muscular system ac-
counts for 35 to 40% of body weight and approximately 75%
of whole-body insulin-stimulated glucose uptake (24), RT,
which is much more involved with the muscular system,
may delay or ameliorate the development of T2D compli-
cations, such as nephropathy (3,19, 20, 23).

Despite the logic behind RT in managing T2D, the prob-
able effects of such an exercise on kidney function are still
not clear.

2. Objectives

This study was done to investigate the impacts of an 8-
week RT on the kidney function of T2D patients with the
risk of DN by measuring IGFBP-3, eGFR, and glycemic blood
control.

3. Methods

3.1. Subjects

Based on a simple random sampling method, 30 men
with T2D (> 27 kg/m? > body mass index (BMI) < 40

kg/m?) from the list of diabetic patients of Shiraz Univer-
sity of Medical Sciences were selected as the subjects of
this study in June 2019 (25). This research was carried out
according to the ethical principles of the World Medical
Association (Helsinki Declaration) and was approved by
the ethics committee of the Islamic Azad University, Mar-
vdasht Branch, Iran (162384503). Inclusion criteria were as
follows: established T2D (fasting blood sugar > 126 mg/dL
and 2-hour post-prandial blood glucose > 200 mg/dL)and
CKD stages 2 - 4 (eGFR 20 - 90 mL/min/ 1.73 m*) for more
than five years, having an inactive lifestyle, male gender,
and the age of 35 to 60 years. Each subject completed a pre-
vious RT experience questionnaire, which indicated that
all of them had no previous experience of RT, at least for a
year. Eligible subjects went under a physical examination
and medical screening, and they were excluded if they had
a condition that could potentially endanger their health
during the study (acute renal failure and dialysis, urinary
tract infection, insulin treatment, congestive heart failure,
hypertension, diabetic microvascular complications, and
physical problems). Before participation, subjects were in-
formed of the possible risks of the tests and signed the in-
formed consent.

3.2. Experimental Approach to the Problem

The current study was a quasi-experimental random-
ized control trial with a parallel design and a 1: 1 alloca-
tion ratio. To increase the homogeneity of sampling, based
on the fasting blood sugar of the subjects, they were ran-
domly (drawing lots) assigned to the control group (CG,
n = 12) or resistance training group (RTG, n =10) (Table 1).
Five subjects from the RTG and three subjects from the CG
withdrew from the study during the eight weeks because
they were unable to participate in the post-tests. There-
fore, out of 30 cases at baseline, just 22 subjects successfully
completed the training period and tests. The subjects were
unaware of which group they would be allocated to. The
groups were similar at baseline regarding the anthropo-
metric and body composition characteristics. All the mea-
surements were taken based on the blinded method, and
the laboratories’ technicians were completely unaware of
which group the subject had been allocated to. To avoid the
probable effects of the practical test (1RM) on acute physio-
logical responses, the measurements related to blood sam-
ples were taken 48 hours before the practical test. The base-
line laboratory measurements were taken at the Academic
Center for Education, Culture, and Research (ACECR) and
the Shiraz University of Medical Science, and the training
sessions were carried out in a sports center in Shiraz, Iran.
All the tests were repeated based on the pre-test procedure
after the eighth week. All the research variables were mea-
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sured based on pre-and post-test design. The subjects were
asked not to change their diet until the end of the research.

3.3. Resistance Training Protocol

The training protocol involved three sessions of circuit
RT program per week (three sets X 12 - 15 repetitions with
50 - 65% 1RM over the first four weeks and three sets x
8 - 10 repetitions with 65 - 80% 1RM over the second four
weeks). In each training session, after a 10-minute warm-
up (running on the treadmill), the subjects performed six
different exercises to stress the major muscle groups (chest
press, leg extension, shoulder press, leg curls, latissimus
pull-down, and leg press) for 45 minutes followed by a 5-
minute cool-down at the end. In an orientation meeting,
all the subjects were familiarized with the instruction of
the RT machines used in the training program. The inten-
sity (load) of the exercise was determined based on the sub-
jects’ 1RM record. 1RM was estimated from 1- 3 RM effort
(26).

3.4. Anthropometry and Body Compositions

The subjects’ weight and height were measured to cal-
culate BMI. The waist-to-hip ratio (WHR) was also calcu-
lated by dividing waist circumference (the narrowest part
of the torso, above the umbilicus) by hip circumference
(the maximum part of the hip while standing with the
heels together). Skinfold thickness in the chest, abdomen,
and thigh was measured using a skinfold caliper (Harpen-
den, HSK-BI, British Indicators, West Sussex, UK) and a stan-
dard technique by the same investigator to evaluate body
fat percentage (Table 1).

3.5. Blood Sampling and Biochemical Analysis

Following an overnight fast, basal blood samples were
drawn from an antecubital vein before the first training
session and 48 hours after the last training session (Figure
1). Then, they were kept in ethylenediaminetetraacetic acid
(EDTA) tubes and centrifuged at 3000 rpm for 15 minutes to
remove the blood plasma for further measurement of the
plasma level of IGFBP-3, creatinine, glucose, and insulin.
The oxidase method was used within 12 h of blood collec-
tion to measure fasting glucose levels (kit: Pars Azmon,
Iran). A fasting level of insulin and plasma level of IGFBP-
3 were measured by enzyme-linked immunosorbent as-
say (ELISA) method using especial kits (insulin: Mercodia-
Sweden with the sensitivity of 1 mg/dL and inter-assay co-
efficients of variation were < 1.3%, IGFBP-3: ZellBio-German
sensitivity of 0.1 mg/mL and inter-assay coefficients of vari-
ation were < 10%).
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3.6. Variables’” Measurement

Estimated glomerular filtration rate (eGFR) and insulin
resistance index levels were calculated by the following for-
mula, respectively (27, 28):

SC’/‘ —0.411
GFR =141 x (W) x (0.993)49¢

HOMA—-1IR

_ Insulin (%) x Fasting blood glucose (””L“’l )

o 22.5

3.7. Statistical Analysis

All measured parameters were expressed as mean =+
standard deviation (SD). To analyze and compare the re-
sults, paired t-test, covariate (ANCOVA) analysis, and effects
size (ES) were used. Effect sizes of 0.2, 0.5,and 0.8 were con-
sidered small, medium, and large, respectively. The results
of baseline measurements were selected as the covariate
factor for further analysis. Statistical significance was ac-
cepted at P < 0.05, and statistical analyses were performed
by SPSS software version 26.

4. Results

Anthropometric and body composition characteristics
of the subjects before and after training are presented in
Table 1. No significant differences were observed in the
anthropometric and body composition parameters of the
subjects at baseline. As shown in Table 1, BMI, body fat
percentage, and WHR decreased significantly after eight
weeks of RT (P < 0.05).

4.1. IGFBP-3

Plasma levels of IGFBP-3 significantly increased (from
23t03.4 mg/mL)in the CG (F=3.5,P=0.05, ES: 0.19), while
the plasma levels of IGFBP-3 showed no significant change
(from 2.07 to 2.5 mg/mL) in the RTG after the training pe-
riod. Figure 2 presents IGFBP-3 levels at pre-and post-test.

4.2. eGFR

eGFR value significantly decreased (from 89.5 to 74.5
mL/min) in the CG (F = 7.4, P = 0.01, ES: 0.11), while eGFR
levels approximately remained unchanged (73.4 to 74.8
mL/min) in the RTG after the training period. Figure 3
presents eGFR levels at pre-and post-test.

4.3. Fasting Blood Glucose

Fasting blood glucose levels significantly decreased
(from 149.7 to 124.7) in the RTG (F = 3.7 and P = 0.05, ES:
0.4), while its levels increased (from 143.9 to 213.2) in the
CG but not significantly after the training period. Figure 4
presents fasting blood glucose levels at pre-and post-test.
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Table 1. Anthropometric and Body Composition Characteristics (mean = SD) of the Subjects Before and After Training *

Variables Baseline After Intervention P-Value Paired t-test P-Value (ANCOVA)
Body mass (kg) 0.9
RTG 80.1£8.5 80.0 8.0 0.5
CG 785+ 6.3 791154 0.1
Body mass index (BMI) (kg/m?) 0.03°
RTG 273+ 42 269438 0.04°
CG 27.8£23 28.0 +1.2 0.1
Body fat (%) 0.001°¢
RTG 212435 19.6 4 2.1 0.01°
CG 224131 229+28 0.1
Waist-to-hip ratio (WHR) 0.02°¢
RTG 0.97 1 0.04 0.95 % 0.04 0.01°
CG 0.95 £ 0.02 0.96 £ 0.04 0.09
2 Values are expressed as mean = standard deviation.
b Significant differences within group (P < 0.05).
¢ Significant differences between groups (P < 0.05).
Laboratorial Training protocol: Training protocol: Laboratorial

measu rements:

Orientation meeting Practical test:

Circuit RT (6 exercises

measurements:
Circuit RT (6 exercises)

hysical examinations Antropometric 3 sets *12-15 3 sets * 810 Antropometric
Medical screening Bod iti IRM test . - -
ody composition repetitions repetitions Body composition
Blood sample 50-65%1RM 65-80% IRM Blood sample

_ - @ —r — —>

Week 0

Week-1 Week 0 48 h after blood Week 1-4 Week 5-8
sampling

Week 9
8 h after last training
session

Figure 1. Timeline of the protocol illustrating testing and training by week

4.4. Fasting Insulin

No significant changes were observed in the fasting in-
sulin levels of both groups (RTG: from 8.2 to 8.9 pU/mL, CG:
7.8 to 8.1 yU/mL)after the training period (F=1.1and P=0.6,
ES: 0.16). Figure 5 presents fasting insulin levels at pre-and
post-test.

4.5. Insulin Resistance

HOMA-IR levels significantly decreased (from 3.3 to 2.4)
in the RTG (F = 3.5 and P = 0.05, ES: 0.38), while HOMA-
IR levels approximately remained unchanged in the CG
(from 3.4 to 3.5) after the training period. Figure 6 presents
HOMA-IR levels at pre-and post-test.

5. Discussion

The progression of DKD is influenced by several bio-
logical factors, of which IGF is significantly involved in
the development of DN, which regulatory effects highly de-
pend on its binding proteins that contribute to the pathol-
ogy of adiabetic kidney disorder(6,17). The mostabundant
IGFBP species in the human peripheral circulation is IGFBP-
3 (%80), which promotes apoptosis and insulin resistance.
Hence, considering the importance of this biomarker in
the prediction and development of DN, this study raises
this question, “to what extent the intervention of an 8-week
RT would alter the plasma levels of IGFBP-3 in DN patients”.
With respect to the demonstrated effectiveness of exercise
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Figure 2. Plasma levels of IGFBP-3 before and after eight weeks of resistance training (RT) [* Significant differences within group (P < 0.05)].

120~

ORT
T % [ Control

S [ T

60 .

100~

min)

eGFR (ml/

40

20

Before After

Figure 3. eGFR value before and after eight weeks of resistance training (RT) [* Significant differences within group (P < 0.05)].
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Figure 4. Fasting blood glucose levels before and after eight weeks of resistance training (RT) [* Significant differences within group (P < 0.05); t Significant differences

between groups (P < 0.05].
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Figure 5. Fasting insulin level before and after eight weeks of resistance training (RT).
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Figure 6. Insulin resistance index (HOMA-IR) levels before and after eight weeks of resistance training (RT) [* Significant differences within group (P < 0.05); { Significant

differences between groups (P < 0.05)].

intervention in the improvement of DN and the results of
previous studies indicating that the levels of IGFBP-3 are
significantly higher in diabetic patients with kidney im-
pairment compared to diabetic patients without kidney
dysfunction (7, 17), the plasma levels of IGFBP-3 were ex-
pected to decrease in response to eight weeks of RT. How-
ever, contrary to our hypothesis, we observed the absence
of any significant changes in the plasma levels of IGFBP-3
in the RTG. In agreement with our findings, Nindl et al. re-
ported that there were no significant changes in free IGFBP-
3 levels after 12 weeks of RT in end-stage renal disease pa-
tients (29). The same outcomes have also been reported
by Borst et al. over the first phase (13 weeks) of RT in both
the 1-SET and 3-SET groups, while in the second phase of RT
(13- 25 weeks), the plasma levels of IGFBP-3 significantly re-
duced by 20% in the 3-SET group (30). Although the exact
mechanisms, by which RT leads to IGFBP-3 response are not
fully understood, according to the available data, IGFBP-3
response may depend on the duration and volume of exer-
cise. Therefore, the duration and volume of RT in this study
were probably inadequate to affect the IGF-I system and al-
ter the plasma levels of IGFBP-3.

However, with respect to the significant increase in the
levels of IGFBP-3 and also the significant decrease in the
eGFR levels observed in the CG, it can be proposed that
IGFBP-3 response is associated with kidney function, and
therefore, thelack of any change in the rate of eGFRis prob-
ably responsible for the lack of any significant changes in
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the levels of IGFBP-3 in the RTG. In line with this, previous
studies have shown that the levels of IGFBP-3 are negatively
associated with the eGFR levels in patients with DN (7). This
means that the development of kidney dysfunction (a de-
crease in the eGFR levels) may be accompanied by an in-
crease in the levels of IGFBP-3. Accordingly, by a simple
analogy between the results of the CG and RTG, it can be
logically concluded that RT, though it did not improve kid-
ney function, at least stopped the development of kidney
dysfunction and prevented eGFR from decreasing in the
RTG, whereas the kidney function of the CG probably de-
teriorated due to the lack of RT, resulting in the increased
levels of IGFBP-3. This justification can be supported by the
report of Santos et al. who showed that RT could attenu-
ate renal dysfunction in animal DN after an 8-week train-
ing period (31). However, it seems that the improvement
of kidney function relies on various sophisticated physio-
logical adaptations, requiring the long-term intervention
of proper exercise therapy; otherwise, significant improve-
ment can be barely observed through short-term training
programs. In agreement with the importance of training
duration in the improvement of kidney function, Ishikawa
et al. reported no significant differences in eGFR levels be-
tween the exercise and control groups after exercise in-
tervention (eight weeks) on diabetic rats with nephropa-
thy (32). Another study also found no significant change
in eGFR levels after 12 weeks of resistance and aerobic ex-
ercises (33), while Greenwood et al. observed significant
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improvement in the eGER levels of 20 patients with CKD
stages 3 - 4 after 12 months of high-intensity resistance and
aerobic training (34). On the other hand, Hiraki et al. re-
ported no significant differences between the eGER levels
of the control or training group after a one-year of resis-
tance and aerobic training (35). It is worthy of note that
the intensity of training protocol in the study by Hiraki et
al. was moderate, while in that of Greenwood et al., the sub-
jects underwent a one-year combined resistance and aero-
bic training with 80% 1RM and maximum heart rate (HR)
(34). Accordingly, in addition to the duration, the intensity
of RT seems to be a very important factor that affects the
improvement in eGER levels; however, Hiraki et al. (35) had
a different opinion. Because muscle strength and mass are
increased in response to RT, and increased muscle mass af-
fects creatinine plasma levels, they argue that the eGFR lev-
els measured from the plasma level of creatinine after RT
may not precisely show kidney function improvement in-
duced by exercise. It is an undeniable fact that RT increases
muscle mass and strength (35). Perhaps, utilizing cystatin
Cor other factors that are not influenced by RT adaptations
(increased muscle mass) could be more useful for future re-
search.

Fasting blood glucose decreased after eight weeks of
RT in this study. Egger et al. reported similar findings
in T2D patients after eight weeks of various types of RT
(36). Since RT highly relies on the energy produced by the
glycolytic pathway, it was not surprising that the present
study observed reductions in blood glucose levels. How-
ever, it has been suggested that people with T2D usually
have a defective insulin-dependent pathway, which is re-
sponsible for activating glucose transporters of the mus-
cles to help move the glucose from the blood into the cells
(37). In this study, no significant changes were observed
in fasting insulin, and therefore, the decreased levels of
fasting glucose were probably the result of non-insulin-
independent glucose uptake. This possibility agrees with
the results of previous studies reporting an increase in
glucose transport after regular muscle contraction via a
contraction-stimulated pathway (37). In addition, since in-
sulin action is closely linked to lean body mass as the pri-
mary metabolic target tissue for glucose metabolism, the
increased lean body mass due to RT intervention may be
another reason for decreased levels of fasting glucose in
this study (38). An increase in muscle mass as the result of
RT leads to increased glucose storage (39). Accordingly, it
is reasonable to speculate that the small increase in mus-
cle mass as the result of RT may be responsible for the im-
proved glucose homeostasis and metabolism observed in
the RTG (21). Nevertheless, increased capillary density, in-
creased number of glucose-carrying proteins (GLUT4), in-
creased glycolytic and oxidative enzyme activity, and in-

creased glycogen activity synthesis are other related mech-
anisms that may affect the delivery of glucose from the
blood to the muscle, decreasing the fasting glucose (40).
RT also induced a significant decrease in insulin resis-
tance. Although the exact mechanisms for HOMA-IR re-
duction observed after RT in this study are not fully un-
derstood, the association between physical inactivity and
insulin resistance has been suggested over the last five
decades. It has been previously stated that a reduction in
visceral and abdominal fat is a key linkage between exer-
cise and insulin resistance improvement (41). In this study;,
although abdominal fat mass was not directly assessed,
previous studies have supported the reduction of visceral
and subcutaneous fat after RT (21). Hence, it may be partly
justified why we observed HOMA-IR reduction only in the
RTG. However, the lack of strict diet control and blood pres-
sure monitoring were the limitations of the present study.

5.1. Conclusions

In conclusion, eight weeks of RT did not improve the
renal function of T2D patients with the risk of nephropa-
thy and had no significant effect on plasma levels of eGFR
and IGFBP-3. Nevertheless, its positive role in preventing
the development of renal dysfunction into DN is undeni-
able because the kidney function of the CG deteriorated
over the research period. In addition, after eight weeks of
RT intervention, blood glycemia significantly decreased in
the RTG. Due to the importance of glycemic control for the
treatment of T2D and its related complications, in particu-
lar DN, RT seems to be a very useful, cost-effective, and safe
therapeutic measure to assist patients suffering from this
disease. Although the subjects of this study were middle-
aged men, it seems that RT is beneficial not only for these
people but also for people of different ages and genders.
However, conducting further studies on a larger sample,
both genders, with a longer training period and blood
pressure monitoring can better clarify the probable effects
of RT on renal function of patients with T2D.

Acknowledgments

The authors would like to appreciate all subjects in-
volved in this project.

Footnotes

Authors’ Contribution: The study was designed by
Mehrzad Moghadasi and Azita Eslami; Data were collected
and analyzed by Mehrzad Moghadasi, Alireza Ostovar, and

Mod Care ]. 2022;19(4):e128713.



Moghadasi M et al.

Azita Eslami; Data interpretation and manuscript prepara-
tion were undertaken by Mehrzad Moghadasi, Alireza Os-
tovar, and Azita Eslami. All authors approved the final ver-
sion of the paper.

Conflict of Interests: The authors certify that there is no
conflict of interest with any financial organization regard-
ing the material discussed in the manuscript.

Data Reproducibility: The dataset presented in the study
isavailable on request from the corresponding author dur-
ing submission or after its publication. The data are not
publicly available due to privacy or ethics

Ethical Approval: This research was carried out accord-
ing to the ethical principles of the World Medical Asso-
ciation (Helsinki Declaration) and was approved by the
ethics committee of the Islamic Azad University, Marv-
dasht Branch, Iran (Ethics code: IRMIAU.REC.1397.123).

Funding/Support: No funding was received for this re-
search from any organization.

Informed Consent: Before participation, subjects were
informed of possible risks of the tests and signed an in-
formed consent document.

References

1. Chipkin SR, Klugh SA, Chasan-Taber L. Exercise and diabetes. Cardiol
Clin.2001;19(3):489-505. doi: 10.1016/50733-8651(05)70231-9.

2. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N,
et al. Global and regional diabetes prevalence estimates for 2019
and projections for 2030 and 2045: Results from the International
Diabetes Federation Diabetes Atlas, 9(th) edition. Diabetes Res Clin
Pract. 2019;157:107843. doi: 10.1016(j.diabres.2019.107843. [PubMed:
31518657].

3. Albright A, Franz M, Hornsby G, Kriska A, Marrero D, Ullrich I, et
al. American College of Sports Medicine position stand. Exercise
and type 2 diabetes. Med Sci Sports Exerc. 2000;32(7):1345-60. doi:
10.1097/00005768-200007000-00024. [PubMed: 10912903].

4. American Diabetes Association. Diagnosis and Classification of Dia-
betes Mellitus. Diabetes Care. 2006;29(Suppl 1):s43-8. doi: 10.2337/di-
acare.29.51.06.543.

5. Deshpande AD, Harris-Hayes M, Schootman M. Epidemiology of dia-
betes and diabetes-related complications. Phys Ther. 2008;88(11):1254-
64. doi: 10.2522[ptj.20080020. [PubMed: 18801858]. [PubMed Central:
PM(C3870323].

6. Vasylyeva TL, Ferry R]. Novel roles of the IGF-IGFBP axis in etiopatho-
physiology of diabetic nephropathy. Diabetes Res Clin Pract.
2007;76(2):177-86. doi:  10.1016/j.diabres.2006.09.012. [PubMed:
17011663). [PubMed Central: PMC1892792].

7. Al Shawaf E, Abu-Farha M, Devarajan S, Alsairafi Z, Al-Khairi I, Cherian
P, et al. ANGPTL4: A Predictive Marker for Diabetic Nephropathy. |
Diabetes Res. 2019;2019:4943191. doi: 10.1155/2019/4943191. [PubMed:
31772941). [PubMed Central: PMC6854918].

8. Peters KE, Davis WA, Ito ], Winfield K, Stoll T, Bringans SD, et al.
Identification of Novel Circulating Biomarkers Predicting Rapid De-
cline in Renal Function in Type 2 Diabetes: The Fremantle Diabetes
Study Phase II. Diabetes Care. 2017;40(11):1548-55. doi: 10.2337/dc17-
0911. [PubMed: 28851702].

9. Dunkler D, Gao P, Lee SF, Heinze G, Clase CM, Tobe S, et al. Risk
Prediction for Early CKD in Type 2 Diabetes. Clin ] Am Soc Nephrol.

Mod Care . 2022;19(4):e128713.

10.

11

12.

15.

18.

20.

21.

22.

23.

24.

25.

2015;10(8):1371-9. doi: 10.2215/CJN.10321014. [PubMed:
[PubMed Central: PMC4527032].

Mottl AK, Kwon KS, Mauer M, Mayer-Davis EJ, Hogan SL, Kshir-
sagar AV. Normoalbuminuric diabetic kidney disease in the
US. population. | Diabetes Complications. 2013;27(2):123-7. doi:
10.1016(j.jdiacomp.2012.09.010. [PubMed: 23182925]. [PubMed Cen-
tral: PMC4594950].

Naresh CN, Hayen A, Weening A, Craig ]JC, Chadban SJ. Day-to-
day variability in spot urine albumin-creatinine ratio. Am | Kid-
ney Dis. 2013;62(6):1095-101. doi: 10.1053/j.ajkd.2013.06.016. [PubMed:
23958401].

Stoll T, Bringans S, Winfield K, Casey T, Davis W, Peters K, inventors.
Method of assessing diabetic nephropathy using CD5 antigen-like.
US. 2015 29 September 2015.

26175542].

. Bringans SD, Ito ], Stoll T, Winfield K, Phillips M, Peters K, et al.

Comprehensive mass spectrometry based biomarker discovery and
validation platform as applied to diabetic kidney disease. EuPA
Open Proteom. 2017;14:1-10. doi: 10.1016/j.euprot.2016.12.001. [PubMed:
29900119]. [PubMed Central: PMC5988498].

. Peters KE, Davis WA, Ito ], Bringans SD, Lipscombe R], Davis TME. Val-

idation of a protein biomarker test for predicting renal decline in
type 2 diabetes: The Fremantle Diabetes Study Phase I1. | Diabetes Com-
plications. 2019;33(12):107406. doi: 10.1016j.jdiacomp.2019.07.003.
[PubMed: 31669066].

Frystyk |, Ivarsen P, Skjaerbaek C, Flyvbjerg A, Pedersen EB, Orskov
H. Serum-free insulin-like growth factor I correlates with clearance
in patients with chronic renal failure. Kidney Int. 1999;56(6):2076-84.
doi: 10.1046/j.1523-1755.1999.00798.X. [PubMed: 10594783].

. Lepenies J, Wu Z, Stewart PM, Strasburger CJ, Quinkler M. IGF-1, IGFBP-

3 and ALS in adult patients with chronic kidney disease. Growth Horm
IGF Res. 2010;20(2):93-100. doi: 10.1016/j.ghir.2009.10.002. [PubMed:
19932629].

. Narayanan RP, Fu B, Heald AH, Siddals KW, Oliver RL, Hudson JE,

et al. IGFBP2 is a biomarker for predicting longitudinal deteriora-
tion in renal function in type 2 diabetes. Endocr Connect. 2012;1(2):95-
102. doi: 10.1530/EC-12-0053. [PubMed: 23781310]. [PubMed Central:
PMC3681324].

Ala-Houhala I. Effects of exercise on glomerular passage of
macromolecules in patients with diabetic nephropathy and
in healthy subjects. Scand J Clin Lab Invest. 1990;50(1):27-33. doi:
10.1080/00365519009091561. [PubMed: 1690442].

. Cai Z, Yang Y, Zhang ]. Effects of physical activity on the progres-

sion of diabetic nephropathy: a meta-analysis. Biosci Rep. 2021;41(1).
doi: 10.1042/BSR20203624. [PubMed: 33289502]. [PubMed Central:
PMC7786348].

Ayodele OE, Alebiosu CO, Salako BL. Diabetic nephropathy-a review
of the natural history, burden, risk factors and treatment. ] Natl Med
Assoc. 2004;96(11):1445-54. [PubMed: 15586648]. [PubMed Central:
PM(C2568593].

Baldi ]JC, Snowling N. Resistance training improves glycaemic control
in obese type 2 diabetic men. Int | Sports Med. 2003;24(6):419-23. doi:
10.1055/s-2003-41173. [PubMed: 12905089].

Cauza E, Hanusch-Enserer U, Strasser B, Ludvik B, Metz-Schimmerl S,
Pacini G, et al. The relative benefits of endurance and strength train-
ing on the metabolic factors and muscle function of people with type
2 diabetes mellitus. Arch Phys Med Rehabil. 2005;86(8):1527-33. doi:
10.1016/j.apmr.2005.01.007. [PubMed: 16084803].

Soukup JT, Kovaleski JE. A review of the effects of resistance training
for individuals with diabetes mellitus. Diabetes Educ. 1993;19(4):307-
12. doi: 10.1177/014572179301900410. [PubMed: 8370334].

Baron AD, Brechtel G. Insulin differentially regulates systemic and
skeletal muscle vascular resistance. Am J Physiol. 1993;265(1 Pt 1):E61-
7.doi: 10.1152[ajpendo.1993.265.1.E61. [PubMed: 8338155].

Fesharaki M, Hosseini F. [Determination of sample size in medical re-
search]. Razi Journal of Medical Sciences. 1995;1(4):226-31. Persian.


http://dx.doi.org/10.1016/S0733-8651(05)70231-9
http://dx.doi.org/10.1016/j.diabres.2019.107843
http://www.ncbi.nlm.nih.gov/pubmed/31518657
http://dx.doi.org/10.1097/00005768-200007000-00024
http://www.ncbi.nlm.nih.gov/pubmed/10912903
http://dx.doi.org/10.2337/diacare.29.s1.06.s43
http://dx.doi.org/10.2337/diacare.29.s1.06.s43
http://dx.doi.org/10.2522/ptj.20080020
http://www.ncbi.nlm.nih.gov/pubmed/18801858
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3870323
http://dx.doi.org/10.1016/j.diabres.2006.09.012
http://www.ncbi.nlm.nih.gov/pubmed/17011663
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1892792
http://dx.doi.org/10.1155/2019/4943191
http://www.ncbi.nlm.nih.gov/pubmed/31772941
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6854918
http://dx.doi.org/10.2337/dc17-0911
http://dx.doi.org/10.2337/dc17-0911
http://www.ncbi.nlm.nih.gov/pubmed/28851702
http://dx.doi.org/10.2215/CJN.10321014
http://www.ncbi.nlm.nih.gov/pubmed/26175542
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4527032
http://dx.doi.org/10.1016/j.jdiacomp.2012.09.010
http://www.ncbi.nlm.nih.gov/pubmed/23182925
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4594950
http://dx.doi.org/10.1053/j.ajkd.2013.06.016
http://www.ncbi.nlm.nih.gov/pubmed/23958401
http://dx.doi.org/10.1016/j.euprot.2016.12.001
http://www.ncbi.nlm.nih.gov/pubmed/29900119
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5988498
http://dx.doi.org/10.1016/j.jdiacomp.2019.07.003
http://www.ncbi.nlm.nih.gov/pubmed/31669066
http://dx.doi.org/10.1046/j.1523-1755.1999.00798.x
http://www.ncbi.nlm.nih.gov/pubmed/10594783
http://dx.doi.org/10.1016/j.ghir.2009.10.002
http://www.ncbi.nlm.nih.gov/pubmed/19932629
http://dx.doi.org/10.1530/EC-12-0053
http://www.ncbi.nlm.nih.gov/pubmed/23781310
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3681324
http://dx.doi.org/10.1080/00365519009091561
http://www.ncbi.nlm.nih.gov/pubmed/1690442
http://dx.doi.org/10.1042/BSR20203624
http://www.ncbi.nlm.nih.gov/pubmed/33289502
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7786348
http://www.ncbi.nlm.nih.gov/pubmed/15586648
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2568593
http://dx.doi.org/10.1055/s-2003-41173
http://www.ncbi.nlm.nih.gov/pubmed/12905089
http://dx.doi.org/10.1016/j.apmr.2005.01.007
http://www.ncbi.nlm.nih.gov/pubmed/16084803
http://dx.doi.org/10.1177/014572179301900410
http://www.ncbi.nlm.nih.gov/pubmed/8370334
http://dx.doi.org/10.1152/ajpendo.1993.265.1.E61
http://www.ncbi.nlm.nih.gov/pubmed/8338155

Moghadasi M et al.

26.

27.

28.

29.

30.

31

32.

33.

34.

10

Earle RW, Baechle TR. Resistance training and spotting techniques. In:
Beachle TR, editor. Essentials of strength training and conditioning. 3rd
ed. Mechanicsburg, USA: Human Kinetics; 2008.

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro A3, Feldman HI, et
al. A new equation to estimate glomerular filtration rate. Ann Intern
Med. 2009;150(9):604-12. doi: 10.7326/0003-4819-150-9-200905050-
00006. [PubMed: 19414839]. [PubMed Central: PMC2763564].
Wallace TM, Levy JC, Matthews DR. Use and abuse of HOMA model-
ing. Diabetes Care. 2004;27(6):1487-95. doi: 10.2337/diacare.27.6.1487.
[PubMed: 15161807].

Nindl BC, Headley SA, Tuckow AP, Pandorf CE, Diamandi A, Khos-
ravi MJ, et al. IGF-I system responses during 12 weeks of resis-
tance training in end-stage renal disease patients. Growth Horm
IGF Res. 2004;14(3):245-50. doi: 10.1016/j.ghir.2004.01.007. [PubMed:
15125886)].

Borst SE, De Hoyos DV, Garzarella L, Vincent K, Pollock BH, Lowenthal
DT, et al. Effects of resistance training on insulin-like growth factor-I
and IGF binding proteins. Med Sci Sports Exerc. 2001;33(4):648-53. doi:
10.1097/00005768-200104000-00021. [PubMed: 11283443].

Santos RA, Silva KA, Aragao DS, Arita DY, Rosa RM, Arlotti MR, et al.
Resistance Training Attenuates Renal Dysfunction in Animal Diabetic
Nephropathy but Does Not Restore Kidney ACE/ACE2 Balance. Hyper-
tension. 2013;62(suppl_1). doi: 10.1161/hyp.62.suppl_1.A233. [PubMed:
23753417).

Ishikawa Y, Gohda T, Tanimoto M, Omote K, Furukawa M, Yam-
aguchi S, et al. Effect of exercise on kidney function, oxidative stress,
and inflammation in type 2 diabetic KK-A(y) mice. Exp Diabetes
Res. 2012;2012:702948. doi: 10.1155/2012/702948. [PubMed: 22899901].
[PubMed Central: PMC3412110].

Leehey DJ, Collins E, Kramer HJ, Cooper C, Butler ], McBurney C, et al.
Structured Exercise in Obese Diabetic Patients with Chronic Kidney
Disease: A Randomized Controlled Trial. Am | Nephrol. 2016;44(1):54-
62. doi: 10.1159/000447703. [PubMed: 27385652].

Greenwood SA, Koufaki P, Mercer TH, MacLaughlin HL, Rush R,
Lindup H, et al. Effect of exercise training on estimated GFR, vascu-

35.

36.

37.

38.

39.

40.

41.

lar health, and cardiorespiratory fitness in patients with CKD: a pilot
randomized controlled trial. Am | Kidney Dis. 2015;65(3):425-34. doi:
10.1053(j.ajkd.2014.07.015. [PubMed: 25236582].

Hiraki K, Shibagaki Y, Izawa KP, Hotta C, Wakamiya A, Sakurada T, et
al. Effects of home-based exercise on pre-dialysis chronic kidney dis-
ease patients: a randomized pilot and feasibility trial. BMC Nephrol.
2017;18(1):198. doi: 10.1186/s12882-017-0613-7. [PubMed: 28623895].
[PubMed Central: PMC5474300].

Egger A, Niederseer D, Diem G, Finkenzeller T, Ledl-Kurkowski
E, Forstner R, et al. Different types of resistance training in
type 2 diabetes mellitus: effects on glycaemic control, muscle
mass and strength. Eur | Prev Cardiol. 2013;20(6):1051-60. doi:
10.1177/2047487312450132. [PubMed: 22637738].

Zierath R, Krook A, Wallberg-Henriksson H. Insulin action
and insulin resistance in human skeletal muscle. Diabetologia.
2000;43(7):821-35. doi: 10.1007/s001250051457. [PubMed: 10952453].
Miller JP, Pratley RE, Goldberg AP, Gordon P, Rubin M, Treuth
MS, et al. Strength training increases insulin action in healthy
50- to 65-yr-old men. J Appl Physiol (1985). 1994;77(3):1122-7. doi:
10.1152/jappl.1994.77.3.1122. [PubMed: 7836113].

Brooks N, Layne JE, Gordon PL, Roubenoff R, Nelson ME, Castaneda-
Sceppa C. Strength training improves muscle quality and insulin sen-
sitivity in Hispanic older adults with type 2 diabetes. Int ] Med Sci.
2006;4(1):19-27. doi: 10.7150[ijms.4.19. [PubMed: 17211497]. [PubMed
Central: PMC1752232].

Ribeiro AS, Tomeleri CM, Souza MF, Pina FL, Schoenfeld BJ, Nasci-
mento MA, et al. Effect of resistance training on C-reactive protein,
blood glucose and lipid profile in older women with differing levels
of RT experience. Age (Dordr). 2015;37(6):109. doi: 10.1007/s11357-015-

9849-y. [PubMed: 26499819]. [PubMed Central: PMC5005848].
Ibanez |, Izquierdo M, Arguelles I, Forga L, Larrion JL, Garcia-Unciti M,

et al. Twice-weekly progressive resistance training decreases abdom-
inal fat and improves insulin sensitivity in older men with type 2 di-
abetes. Diabetes Care. 2005;28(3):662-7. doi: 10.2337/diacare.28.3.662.
[PubMed: 15735205].

Mod Care . 2022;19(4):e128713.


http://dx.doi.org/10.7326/0003-4819-150-9-200905050-00006
http://dx.doi.org/10.7326/0003-4819-150-9-200905050-00006
http://www.ncbi.nlm.nih.gov/pubmed/19414839
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2763564
http://dx.doi.org/10.2337/diacare.27.6.1487
http://www.ncbi.nlm.nih.gov/pubmed/15161807
http://dx.doi.org/10.1016/j.ghir.2004.01.007
http://www.ncbi.nlm.nih.gov/pubmed/15125886
http://dx.doi.org/10.1097/00005768-200104000-00021
http://www.ncbi.nlm.nih.gov/pubmed/11283443
http://dx.doi.org/10.1161/hyp.62.suppl_1.A233
http://www.ncbi.nlm.nih.gov/pubmed/23753417
http://dx.doi.org/10.1155/2012/702948
http://www.ncbi.nlm.nih.gov/pubmed/22899901
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3412110
http://dx.doi.org/10.1159/000447703
http://www.ncbi.nlm.nih.gov/pubmed/27385652
http://dx.doi.org/10.1053/j.ajkd.2014.07.015
http://www.ncbi.nlm.nih.gov/pubmed/25236582
http://dx.doi.org/10.1186/s12882-017-0613-7
http://www.ncbi.nlm.nih.gov/pubmed/28623895
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5474300
http://dx.doi.org/10.1177/2047487312450132
http://www.ncbi.nlm.nih.gov/pubmed/22637738
http://dx.doi.org/10.1007/s001250051457
http://www.ncbi.nlm.nih.gov/pubmed/10952453
http://dx.doi.org/10.1152/jappl.1994.77.3.1122
http://www.ncbi.nlm.nih.gov/pubmed/7836113
http://dx.doi.org/10.7150/ijms.4.19
http://www.ncbi.nlm.nih.gov/pubmed/17211497
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1752232
http://dx.doi.org/10.1007/s11357-015-9849-y
http://dx.doi.org/10.1007/s11357-015-9849-y
http://www.ncbi.nlm.nih.gov/pubmed/26499819
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5005848
http://dx.doi.org/10.2337/diacare.28.3.662
http://www.ncbi.nlm.nih.gov/pubmed/15735205

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Subjects
	3.2. Experimental Approach to the Problem
	Table 1

	3.3. Resistance Training Protocol
	3.4. Anthropometry and Body Compositions
	3.5. Blood Sampling and Biochemical Analysis
	Figure 1

	3.6. Variables’ Measurement
	3.7. Statistical Analysis

	4. Results
	4.1. IGFBP-3
	Figure 2

	4.2. eGFR
	Figure 3

	4.3. Fasting Blood Glucose
	Figure 4

	4.4. Fasting Insulin
	Figure 5

	4.5. Insulin Resistance
	Figure 6


	5. Discussion
	5.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Data Reproducibility: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

