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ABSTRACT

Objective: Inflammatory factors are known as an important mechanism in the development of
type 2 diabetes and metabolic diseases; while regular exercise training has anti-inflammatory
effects and suppresses low-grade systemic inflammation in type 2 diabetes. Therefore, the
present study aimed to investigate the effect of combined functional training with Ganoderma
supplementation on serum levels of SPRFS5, WNT5A and glycemic indices in women with type
2 diabetes.

Methodology: 60 women with type 2 diabetes voluntarily participated in the study and were
randomly assigned to four groups: combined functional training group, supplement group,
exercise + supplement group, and control group. Subjects in the exercise group performed
selected exercise for 12 weeks, three sessions per week. Ganoderma supplement was also
consumed daily in the form of tea, 3 grams. Serum fasting blood glucose levels, insulin
resistance index, and serum SFRPS and WNTS5A levels were measured. Data were analyzed
using analysis of variance.

Results: The results of the analysis of variance test showed that there was a significant
difference between the effects of different interventions on serum levels of SFRP5 and WNTSA,
blood glucose levels and insulin resistance (p<0.05). Combined functional training combined
with Ganoderma supplementation resulted in a decrease in serum levels of WNTSA and an
increase in serum levels of SPRFS in the exercise, supplement, and exercise + supplement
groups (p<0.001).

Conclusion: It seems that both intervention methods of combined functional training and
Ganoderma supplementation are effective methods in controlling blood sugar and reducing
inflammation, and the combination of these two methods is more effective in glycemic control
in patients with type 2 diabetes.
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Extended Abstract

Introduction and State of Problem
iabetes is one of the most common chronic diseases related to insulin and
glucose metabolism in humans (1). Inflammatory factors are known as an
important mechanism in the development of type 2 diabetes and metabolic
diseases; while regular exercise training has anti-inflammatory effects and
suppresses low-grade systemic inflammation in type 2 diabetes. Several
adipokines have been identified so far that are associated with glucose
metabolism and insulin sensitivity (2). Secretory frizzled-related peptide 5 (SFRPS) was
identified as a novel adipokine with insulin-sensitizing and anti-inflammatory properties (2).
The protective effects of SFRP5 on metabolic disorders have been proposed through inhibition
of the WNT signaling pathway (3). SFRP5 binds to Frizeld receptors that compete with
WNTS5A and inhibits non-canonical WNT signaling. Therefore, increased WNTS5A expression,
along with decreased SFRPS5 expression, leads to increased inflammatory markers and insulin
resistance (4). Regular exercise has been identified as an important strategy for the prevention
and treatment of diabetes. Functional training combined with increased muscle use may affect
glucose uptake in diabetic patients. Studies show that resistance training increases muscle mass
and function, and functional training combined with muscle strengthening reduces body fat
percentage (5). Another method of glycemic control in type 2 diabetic patients is the use of
nutritional interventions (6). Therefore, the present study aimed to investigate the effect of
combined functional training combined with Ganoderma supplementation on serum levels of
SPRF5, WNTS5A, and glycemic indices in women with type 2 diabetes.
Methodology
Sixty women with type 2 diabetes voluntarily participated in the study and were randomly
assigned to four groups: combined functional training group, supplement group, exercise +
supplement group, and control group. The training protocol consisted of 12 weeks of combined
functional training, performed in 3 non-consecutive sessions per week, each session lasting 60
minutes. Combined functional training included rhythmic aerobic and resistance training.
Rhythmic aerobic training was performed at an intensity of 60-70% of maximum heart rate and
with a gradual increase in duration (20-30 minutes). In each training session, one type of
resistance training was performed using body weight, theraband, and TRX. Resistance training
was performed with 12-8 repetitions in 3 sets. One to two minutes of rest was considered
between the execution of movements and sets. The intensity of the training was controlled
according to the perceived level of Borg pressure. Ganoderma supplement was purchased in 20
gram packages (made by Biz Company, Iran). The daily consumption of Ganoderma
supplement was 3 grams in the form of tea on an empty stomach. Blood samples were taken
from the subjects after a 12-hour fast in two pre-test phases and 48 hours after the last training
session in the post-test phase. Serum levels of SFRPS and WNTS5A were measured using
ELISA. Serum glucose and insulin levels were measured by ELISA. All data are presented as
the mean =+ standard deviation (SD). A p-value of <0.05 was considered statistically significant.
Results
The physiological characteristics of the participants in the pre-test and post-test stages after 12
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weeks of combined training are presented in Table 2. In examining intra-group changes, the
results of the dependent t-test showed that in the combined functional training group, a
significant decrease was observed in FBS levels (P=0.004), insulin resistance (P=0.001), SPRF5
(P=0.001), insulin (P=0.004) and a significant increase in WNT5A levels (P=0.001); but no
significant difference was observed in fat percentage (P=0.07). In the Ganoderma supplement
group, a significant decrease was observed in FBS levels (P=0.003) and insulin resistance
(P=0.017); but no significant difference was observed in SPRFS5 levels (P=0.103), fat percentage
(P=0.56), and WNT5A levels (P=0.1). In the exercise + supplement group, a significant
decrease in FBS levels (P = 0.002), insulin resistance (P = 0.001), SPRF5 (P = 0.001), fat
percentage (P = 0.001) and a significant increase in WNTS5A levels (P = 0.001) were observed.
In comparing the changes between groups, the results of one-way analysis of variance test
showed that although there was no significant difference in the levels of glucose, insulin, insulin
resistance, SPRF5 and WNTS5A variables in the pre-test phase (p < 0.05); but after 12 weeks of
combined functional training, a significant difference was observed in the levels of FBS (P =
0.001), insulin resistance (P = 0.001), SPRF5 (P = 0.001), fat percentage (P = 0.003) and
WNTS5A (P =0.001) between the studied groups.

Table 1. The anthropometric characteristics of the participants in the study groups before and after

the intervention

Control Training +

Variabl Training G
arable Group ratning roup Supplement Group

Age (years) 56.6+0.9 55.2+0.6 54.840.1
Height (cm) 169.6 + 5.9 1712+3.4 169.2 9.4
Weight (kg) 792+ 1.5 79.7 + 4.8 77.5+3.7
BMI (kg/m?) 27.7+7.8 272456 27.1+49

Discussion and Conclusion

Overall, the present study showed that 12 weeks of Ganoderma supplementation had no
significant effect on glycemic control in women with type 2 diabetes, but functional training,
which was a combination of aerobic and resistance training, controlled blood sugar in these
patients. In addition, combined functional training with Ganoderma supplementation seems to
be more effective than either method alone. Clinical applications of this study include
improving metabolic syndrome parameters and increasing serum levels of SFRP5 and reducing
WNTS5A following 12 weeks of combined functional training and Ganoderma supplementation
interventions. The possible mechanism for the reduction of insulin resistance and the increase in
plasma SFRP5 levels was attributed to changes in body fat percentage and body mass index
levels (7, 8). These metabolic and physiological changes resulting from combined functional
training with Ganoderma supplementation may be useful in the prevention or treatment of some
metabolic parameters in type 2 diabetic patients.

Originality/Value

This study provides new insights into the regulatory role of the SFRP5-WNT5A axis in metabolic
disorders. Given the importance of understanding factors influencing diabetes and its complications, this
research contributes valuable evidence that may support more effective strategies for the prevention and
treatment of diabetes and other metabolic diseases, thereby helping to reduce healthcare costs.



The main limitations of this study include the exclusion of male participants with type 2 diabetes, the lack
of a comparison between aerobic and resistance training groups, the absence of assessment of other
adipokines, and the relatively small sample size in each group.
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