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Abstract

Aim: The aim of this study was to investigate the effect of 12 weeks of aerobic exercise
combined with a ketogenic diet on Secreted frizzled-related protein 5 (SFRP5) levels and
metabolic syndrome factors in middle-aged men with metabolic syndrome. Methods: 40
middle-aged men with metabolic syndrome were randomly divided into control (n = 10), aerobic
exercise (n = 10), ketogenic diet (n = 10), and aerobic exercise and ketogenic diet (n = 10)
groups. The intervention groups performed aerobic exercise and ketogenic diet control for 12
weeks. In the pre-test stages and after 12 weeks, SFRP5 protein levels and metabolic syndrome
factors (fasting glucose, lipid profile, blood pressure and waist circumference) were evaluated
in four study groups. Results: In between-group comparison, the group of aerobic exercise
combined with ketogenic diet caused a significant increase in SFRP5 (p=0.04) in middle-aged
men with metabolic syndrome compared to the control group. The comparison of other groups
in this index did not show any significant difference from each other (p<0.05). In within-group
comparison, the results showed that in all three intervention groups, the level of SFRP5 (aerobic
exercise group: p=0.001; ketogenic diet group: p=0.001; and aerobic exercise group with
ketogenic diet p=0.001) had a significant increase and the highest increase was in the aerobic
exercise group with ketogenic diet. Conclusions: Aerobic exercise combined with a ketogenic
diet has better effects than a single aerobic exercise and ketogenic diet to control metabolic risks
in middle-aged men with metabolic syndrome.

Keywords: Aerobic Training, ketogenic diet, Secreted frizzled-related protein 5(SFRP5),
metabolic syndrome.
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Extended abstract
Background

Adipokines are a variety of cytokines secreted by adipocytes (1). Low-grade inflammatory responses and insulin
resistance are the main factors in the formation of adipokines. However, dysregulation of adipokines can lead to
pathogenic conditions of obesity and type 2 diabetes (2). Secreted frizzled-related protein 5 (SFRP5), a newly recognized
adipokine, controls inflammatory cells within adipose tissue by neutralizing the abnormal activation of the N-terminal
kinase (3). This adipokine is also associated with glucose metabolism. A study by Mori et al. (2012) showed that SFRP5
suppresses mitochondrial oxidative metabolism by inhibiting Wnt signal and stimulates adipocyte growth during the
obesity process (4). In another study by Rulifson et al. (2014), SFRP5 was mentioned as a negative regulator of glucose
metabolism and pancreatic beta cells (5). However, the results of studies in this field indicate different patterns for this
adipokine. In a recent study, Hee et al. (2020) reported that SFRP5 levels decreased in patients with type 2 diabetes and
that there was a negative correlation between SFRP5 levels and abdominal fat (3). SFRP5 is expressed in target tissues
such as adipose tissue, skeletal muscle and liver. Additionally, the effects of SFRP5 on insulin sensitivity have been
reported in some studies (6). SFRP5 is involved in insulin secretion through the Wnt signal pathway with transcription
factor TCF7L2. Inactivated SFRP5 in rats activates pancreatic beta cell proliferation and increased B-catenin and TCF7L2
levels. Thus, this process indicates the destructive role of SFRP5 in the Wnt signal pathway in pancreatic beta cells (7).
Metabolic disorders, including central obesity, insulin resistance, hyperlipidemia, and hypertension, are among the
general health threats that, if left unchecked, can have adverse consequences (8). Body mass index is known as a popular
measure of overweight and obesity among people in the community (9). However, it is important to study the metabolic
changes related to insulin resistance in individuals with metabolic disorders (10). According to the American Diabetes
Association, pre-diabetes is defined as an increase in fasting blood sugar levels of 100-125 mg/dL and impaired glucose
flow of 140-199 mg/dL (11). Aggregation of metabolic risk factors such as atherosclerotic dyslipidemia (elevated serum
triacylglycerol and apolipoprotein B), increase in low-density lipoprotein, decrease in high-density lipoprotein levels,
increase in cholesterol levels, increase in blood pressure and plasma glucose defined as metabolic syndrome (12). Obesity
and its associated metabolic syndrome have been a common health concern since 1975, that according to the World Health
Organization (WHO) report adult overweight and obesity in the world are 39% and 13%, respectively. Also, 40% of the
population over the age of 60 have metabolic syndrome. Interestingly, the five main components of metabolic syndrome,
including obesity, fasting blood sugar, high triglyceride levels, low levels of high-density lipoprotein, and hypertension,
can may be affected by carbohydrate restriction (13).

With the industrialization of food supply over the past few centuries, we have access to extra calories and processed foods
with processed sugars and carbohydrates. Related to this nutritional behavior, we have increased obesity and overweight
with worsening metabolic status (14). By restricting dietary carbohydrates, insulin secretion can be stabilized at lower
levels. When insulin levels are low, fat stored in adipose tissue is lipolyzed by hormone-sensitive lipase (15). After the
release of hormone-sensitive lipase, the free fatty acids in the hepatic mitochondria are beta-oxidized to produce acetyl-
COA to produce ketone bodies. This process can cause nutritional ketosis, which can lead to altered metabolism (16).
Ketogenic nutrition can be considered and defined as a deliberate restriction of carbohydrate intake in the diet to accelerate
the production of ketones and create a metabolic effect that stabilizes blood sugar, reduces insulin secretion and thus
reduces the anabolic and tumor effects of downstream signaling pathways in insulin resistance. This type of diet is
consisting of 5-10% of carbohydrates (less than 20-50 grams of carbohydrates per day), sufficient protein (1-1.5 grams
per Kilogram of body weight per day) and consumption of fats until satiety. Therefore, ketogenic nutrition is characterized
by a blood ketone level of 0.5 to 3 mg / dL (17). After weeks, adaptation to ketones occurs, indicating that the body is
able to adapt and react initially using ketones for fuel (17).

Daily decrease in physical activity levels in healthy adults is associated with negative metabolic consequences such as
decreased insulin sensitivity and increased abdominal fat (18). Therefore, increasing physical activity has been introduced
as a way to prevent the increasing of insulin resistance during metabolic disorders (19). Some studies have shown a strong
association between obesity and physical inactivity (20). There is an inverse relationship between physical activity with
body mass index and waist circumference (21). Studies have shown that having an active lifestyle can prevent the increase
of metabolic syndrome (18-21). The noteworthy point in this regard is that weight loss due to participation in sports
activities leads to less reduction of muscle mass than fat compared to weight loss due to dietary control (22). Because
maintaining a lean body mass is essential for better glucose transport and fat metabolism. Reducing fat mass is also
beneficial for improving cytokines, which are associated with controlling the status of the metabolic syndrome (23). In
this regard, the aim of this study was to investigate the effect of aerobic exercise combined with ketogenic diet on levels
of secreted frizzled-related protein 5 (SFRP5) in middle-aged men with metabolic syndrome.
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Results:

Descriptive analysis of the data showed that the subjects in this study in baseline have the mean and standard deviation
of age 53.97+2.85 years, weight 94.80 +4.18 kg, body mass index 31.09+1.04 kg/m2. The results of repeated measures
factor analysis of variance showed that the interaction effect of three factors of time, exercise and ketogenic diet on serum
SFRP5 was significant (p>0.05). Due to the significant interaction effect of the above factors, paired t-test was used to
compare the variables within the group. The results showed that in all three intervention groups, SFRP5 (aerobic exercise
group: p = 0.001; Ketogenic diet group (p = 0.001) and aerobic exercise group with ketogenic diet (p = 0.001) had a
significant increase and the highest increase was in the aerobic exercise group with ketogenic diet control.

Due to the paired t-test significance results, to compare the intervention groups (between groups) with the control group,
analysis of variance and Tukey post hoc test were used, which showed that in the case of SFRP5, the aerobic exercise
group with ketogenic diet in comparison with the control group causes a significant increase in SFRP5 in middle-aged
men with metabolic syndrome (p = 0.04). Comparison of other groups in SFRP5 did not show a significant difference
compared to each other (p < 0.05). So, we can point to the results of comparing the control group with the aerobic exercise
group (p = 0.10), which compared to the group with the ketogenic diet (p = 0.77) causes a non-significant increase in the
SFRP5. This means that in the significant increase of SFRP5 in comparing the aerobic exercise group combined with the
ketogenic diet with the control group, the role of aerobic exercise is more than the ketogenic diet. However, none of these
exercise and dietary interventions alone cause a significant increase in this index.

Conclusion

The aim of this study was to investigate the effect of 12 weeks of aerobic exercise with and without ketogenic diet on
Secreted frizzled-related protein 5(SFRP5) in middle-aged men with metabolic syndrome. The results of this study
showed that despite the effects of aerobic exercise and ketogenic diet on the SFRP5, aerobic exercise combined with
ketogenic diet has far more favorable effects on this marker. Insulin resistance is a major feature of metabolic disorders
that manifests itself in the onset of most diseases or metabolic disorders. Therefore, control of insulin levels using exercise
and dietary interventions, especially in people with insulin resistance (metabolic disorders, including metabolic
syndrome) seems necessary. Therefore, foods with a high insulinergic response may be associated with less satiety. Not
surprisingly, the relationship between dietary carbohydrate intake and metabolic syndrome is complex due to the
important hormonal and regulatory role played by insulin, lipoproteins, and inflammatory markers. However, it has been
shown that one of the benefits of nutritional ketosis for weight loss may be attributed to the appetite suppressant effects
of ketone bodies. Finally, the health benefits of participating in an aerobic exercise program and controlling a ketogenic
diet can be noted. However, in order to complete the information in this field, a follow-up period is required for better
discuss in this regard. Therefore, one of the research limitations of this study can be the lack of follow-up period in the
study population. It is suggested to future studies in this field to have a follow-up period by implementing these
interventions in their study groups.
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