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Abstract:- 
The main objective of the present 

study was to investigate the effect of 
moderate aerobic exercise with coenzyme 
Q10 supplementation on serum Klotho 
levels and quality of life in elderly people in 
Tehran. Accordingly, 40 elderly people in 
Tehran with an average age of 67.72 ± 3.79 
years, mean height of subjects were 161.95 
± 5.91 cm, mean weight 68.35 ± 5. 005 kg, 
and mean BMI, 26.04 ± 1.07 kg / m 2 were 
selected. Subjects were divided into 4 
groups: aerobic training, supplementation 
of coenzyme Q10, aerobic exercise 
supplementation, coenzyme Q10, and 
control group. The aerobic exercise group 
performed an exercise intervention with 
intensity 60-65% of maximum heart rate 
for 30 minutes per session and 3 days per 
week for 8 weeks, and the CoQ10 group 
received 200 mg / day of They consumed 
this supplement. At the beginning and the 
end of this study, blood samples were taken 
to evaluate the serum levels of Klotho and 
SF36 questionnaire for assessing quality of 
life. The results of this study showed that 
aerobic training and aerobic exercise 
supplementation of coenzyme Q10 
significantly increased the serum levels of 
elderly Klotho (P = 0.0001) and quality of 
life (P = 0.0001). The results of one-way 
ANOVA showed that there is a significant 
difference between the Klotho values and 
the quality of life of the elderly in the 
studied groups after an aerobic training 
course with supplementation of coenzyme 
Q10 (P = 0.0001). 

Overall, the results of this study 
showed that CoQ10 supplementation and 
moderate-intensity aerobic exercise for 8 
weeks improved quality of life and 
increased serum Klotho protein as an 
antihypertensive marker in the elderly. 
And it seems that doing these together 
would prevent deaths from diseases 
associated with aging.      
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


 Q10 


±
±

±
±


 Q10 Q10





 CoQ10 


 SF36 





 (P = 0.0001)  (P = 

0.0001). 



 (P = 0.0001). 

 
CoQ10 

 Klotho 


. 

KlothoQ1O
. 
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Introduction 
The increase in the elderly population in Iran, like in other 

countries, due to the decrease in birth rates, improvement in health 
status, and increase in life expectancy, has made it necessary to pay 
attention to the issue of health, wellness, ensuring the comfort and 
well-being of the elderly in society, and also to address the needs 
and problems of this segment of society. On the other hand, with 
increasing age and the biological changes that have occurred, the 
elderly are susceptible to chronic diseases such as diabetes, cancer, 
cardiovascular diseases, bone-related diseases, etc., as well as 
decreased balance in walking and hiking, including falls [28]. Very 
few studies have compared active and inactive elderly people in 
different dimensions. Most studies have shown the effect of one or 
more types of intervention, such as performing various sports 
activities or using supplements or various medicinal plants, on their 
various physiological parameters. In this context, we can mention the 
studies of Ilkhani et al. (2017) [29], Khademi et al. (2012) [30], Moein 
et al. (2017) [31], Nilsson et al. (2017) [32] and Akri et al. (2006) [33]. 
The health benefits of physical activity in the elderly (i.e., reduction of 
cardiovascular diseases, diabetes, blood pressure, cancer and 
mortality) are well known [34-36]. Studies have also shown that with 
increasing age and the onset of the aging process, serum levels of 
Klotho protein decrease significantly [37]. Maintaining independence 
in performing activities of daily living is important for increasing health 
and improving the quality of life of the elderly. Recent studies have 
shown that poor physical performance and low physical fitness are 
important risk factors for the inability to perform activities of daily 
living in the elderly. Klotho, as an anti-aging protein, plays an 
important role in the progression of disability in the elderly and other 
individuals. Epidemiological studies have shown that elderly 
individuals with low circulating Klotho concentrations have poorer 
muscle strength and are at higher risk of death [38]. In this regard, 
Crasto et al. (2011) studied the relationship between low circulating 
Klotho levels and disability in daily activities and showed that elderly 
individuals with high Klotho levels had greater independence in 
performing daily activities [37]. However, very few studies have 
examined the levels of circulating Klotho in individuals. The physical 
fitness status of active and inactive elderly individuals is also of great 
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importance. Most studies have shown that individuals with high 
physical ability have a higher quality of life [18, 21, 32]. On the other 
hand, the use of antioxidant supplements seems to be important in 
reducing aging and related diseases; One study reported that elderly 
people who took a combination of selenium and CoQ10 over a 4-
year period reported improvements in dizziness, physical function, 
and quality of life. However, no study has examined the effect of 
coenzyme Q10 supplementation or its combination with exercise on 
Klotho levels in humans or animals. 

Research method 
Participations 
The present study is of a semi-experimental and laboratory type, 

and is cross-sectional in terms of the length of time and in terms of 
the use of applied results, which was conducted as a pre-test, post-
test, and with a control group. The subjects of this study were human 
samples and were randomly divided into 4 groups of 10 people. 

The statistical sample of the present study consisted of 40 elderly 
men and women (60-75 years old), who were selected purposively 
and conveniently and randomly assigned to 4 groups (exercise (10 
people), coenzyme Q10 supplementation (10 people), exercise-
supplement group (10 people), and placebo or control group (10 
people)). The present study included all sedentary elderly (60-75 
years old) in Zabol city who had referred to clinics and health centers 
and parks and recreational areas. The inclusion criteria for this study 
were being over 60 years old, having Iranian nationality, being able 
to speak Persian, not suffering from a known mental illness 
(psychosis), being fully conscious at the time of the study, being able 
to communicate, being able to answer the study questions, and 
residing in Zabol city. The exclusion criteria were being active 
according to the questionnaire, refusing to answer the questionnaire 
during work and interviews, and refusing to implement the desired 
exercise or supplement program, as well as any unwanted events. 

The sampling method of this study will be as follows: the 
researcher and colleagues will be present at the desired places 
(places such as parks, swimming pools, morning exercise stations, 
mosques, elderly care centers, and retirement centers) where the 
elderly will gather, and after conducting a short interview and 
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explaining the purpose and subject of the research, they will select 
people who were willing to cooperate. Then, explanations were given 
about the subject and purpose of the research and the participants 
were asked to complete the questionnaires. Each person completed 
a questionnaire while respecting privacy. The elderly who could not 
read and write were asked to read the questions to them through an 
interview method and the questionnaire items were completed based 
on their opinions and choices. The elderly who could read and write 
were given the questionnaire to complete its items. The 
questionnaire forms were collected while the interviewer was 
present. If a questionnaire had incomplete information, the participant 
was asked to complete the information. In order to investigate the 
physical activity level of the elderly in this study, the subjects were 
asked to indicate their physical and sports activities during the week 
in a questionnaire. Accordingly, the elderly were divided into two 
active and inactive groups. The active elderly group included people 
who had at least two 45-minute sessions of physical and sports 
activities per week; such as walking, jogging, morning exercises, 
swimming, etc. The inactive group consisted of people who, 
according to their statements, did not do any physical or sports 
activities during the week. Active subjects were excluded from the 
study and inactive people were selected. 

Then, the subjects were asked to attend between 8 and 11 in the 
morning and fasting blood was taken from the subjects. The weight 
of the subject was measured in light clothes and without shoes using 
a Seca scale with an accuracy of half a kilogram, and height was 
measured in a standing position and without shoes using a tape 
measure mounted on the wall. Blood sampling was performed to 
measure the level of circulating Klotho and was measured by ELISA 
using the soluble alpha Klotho ELISA assay kit (Eastbiofarm, China). 

The study consisted of two stages: pre-test and post-test. 
Between these two stages, the subjects performed the relevant 
activities for 8 weeks. The purpose and program of the study were 
explained to the subjects. The variables of age, weight, height, blood 
pressure, and health were examined by a doctor, then blood was 
drawn. Blood sampling was performed by a specialized laboratory 
after at least 12 hours of overnight fasting at 9 am. The initial blood 
sample of 4 cc was taken from the subjects' anterior brachial vein by 
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the laboratory's blood collection specialists and frozen at -35 °C. 
After the necessary coordination was made with the subjects, the 
physical activity intervention was implemented as follows. 

The exercise program began with warming up and ended with 
cooling down. The subjects were randomly assigned to 4 groups of 
10. The aerobic exercise group participated in an 8-week exercise 
program with 3 aerobic exercise sessions per week, including warm-
up, stretching, cooling, walking, and slow running in green spaces of 
parks, under the supervision of the researcher and a fellow trainer. 
This exercise program was previously conducted by Mir Moezi et al. 
(2015) on elderly people similar to the present study. 

A total daily dose of 200 mg of Q10 in two 100 mg capsules in the 
morning and evening with food was given to subjects in the supplement 
group and the combination of supplement and exercise group. The 
placebo consisted of wheat flour, which was prepared in the same 
packaging, color, and taste as Q10 and was given to the control and 
exercise groups. All stages of supplementation were performed by the 
researcher's colleagues in a double-blind manner [59]. 

Blood sampling  
Blood sampling was performed in two stages, 12 hours before 

the start of the first training session (pre-test) and 48 hours after the 
last training session (end of the eighth week). The collected blood 
was placed in sterile tubes and then the plasma serum was 
separated by centrifugation (4555 rpm for 4 minutes) and frozen at 
35°C until measurement. After 8 weeks of training, similar blood 
sampling was performed. All blood samples were removed from the 
freezer on the same day and the desired tests were performed to 
measure serum Klotho levels. 

After data collection, SPSS version 22 statistical software was 
used to analyze them; in a way that the values of central tendency 
and mean dispersion and standard deviation were used to estimate 
descriptive statistics of the research. The Shapiro-Wilks statistical 
test was used to examine the distribution of data and the t-test was 
used to compare means within groups and the analysis of covariance 
one-way (ANOVA) test was used to compare between groups. The 
significance level was considered to be P<%5. All data analysis was 
performed using SPSS22 software. 
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Result 
Fifty-three participants were enrolled, 10 participants withdrew due 

to health complications unrelated to the study (AT+Q10s: N =3; AT: N 
=2; Q10s: N =2; Control: N =3) and 2 dropped out due to unforeseen 
family and work interruptions (AT+Q10s: N =1; Q10s: N =1). 40 
participants completed the full intervention (AT+Q10s: N =10; AT: N 
=10; Q10s: N =10; Control: N =10). with an adherence rate between 85-
100%. Participant characteristics from the eligibility screening (Table 1) 
and all baseline outcome variables were similar between groups (p > 
0.050). A Wilcoxon test revealed no differences in pre-to-post SLIQ for 
each group (p > 0.050) indicating participants maintained their current 
lifestyle behaviors throughout the intervention period.  

The results of one-way analysis of variance (ANOVA) showed 
that there was a significant difference between the Klotho values of 
the elderly in the study groups after a period of aerobic exercise with 
the use of coenzyme Q10 supplementation (P=0.0001) (Fig-1). 

In order to find the location of the differences, Tukey's test was 
used to compare the groups pairwise. There is a significant 
difference between the aerobic exercise group with coenzyme Q10 
supplementation and the aerobic exercise group in the amount of 
Klotho in the elderly (P=0.0001). There is a significant difference 
between the aerobic exercise group with coenzyme Q10 
supplementation and the coenzyme Q10 supplementation group in 
the amount of Klotho in the elderly (P=0.0001). There is a significant 
difference between the aerobic exercise group with coenzyme Q10 
supplementation and the control group in the amount of Klotho in the 
elderly (P=0.0001). There is no significant difference between the 
aerobic exercise group and the coenzyme Q10 supplementation 
group in the amount of Klotho in the elderly (P=0.46). There is no 
significant difference between the aerobic exercise group and the 
control group in the amount of Klotho in the elderly (P=0.0001). 
There is a significant difference between the coenzyme Q10 
supplementation group and the control group in the amount of Klotho 
in the elderly (P=0.007). 

Discussion 
The results of the present study showed that an 8-week period of 

CoQ10-aerobic exercise supplementation (Q10-AT) significantly 
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increased serum Klotho levels and quality of life (QoL) in elderly 
people aged 65 to 75 years in Tehran. 

One of the results of the present study was an increase in serum 
Klotho levels in elderly people in the post-test compared to the pre-
test, after performing 8 weeks of moderate-intensity aerobic exercise 
(60-65% of maximum heart rate). On the other hand, the results of this 
study showed that there was no significant difference in the AT group 
compared to the control group. While there was no significant 
difference between the AT group and the Q10 group. In fact, the 
findings of this study showed that performing aerobic exercise for 8 
weeks increased serum Klotho levels compared to the control and pre-
test groups. However, there was no significant difference between the 
two intervention groups separately. On the other hand, other results of 
this study showed that the combination of Q10 supplementation and 
aerobic exercise (Q10-AT) for 8 weeks had a significant effect on 
serum Klotho levels in the elderly compared to the AT and Q10 
groups. Although there was a significant difference between the two 
Q10 and control groups in serum Klotho levels in the elderly, taking a 
Q10 supplement at a dose of 200 g/day was not more beneficial than 
performing moderate-intensity aerobic exercise 3 days/week. 

In general, many studies have not compared the effects of Q10 
supplementation and aerobic exercise in the elderly and other groups 
or research samples. However, several studies have been conducted 
on the effect of aerobic exercise on serum Klotho levels. For 
example, Moin and colleagues showed in a study on rats that eight 
weeks of aerobic exercise on a treadmill (3 days a week and at an 
intensity of 60 to 80% VO2MAX) increased Klotho protein and 
significantly reduced the level of the inflammatory protein IL-6; 
However, in this study, healthy and young 8-week-old animal 
samples were used in comparison with the present study (Moin et al., 
2017). Another study also showed that serum Klotho levels were 
significantly higher in patients with coronary artery disease compared 
with untrained patients and their healthy counterparts (39). Another 
study also examined 1270 elderly subjects (over 65 years of age) 
and showed that individuals with lower plasma Klotho had lower wrist 
strength. Although plasma Klotho is not an independent predictor of 
wrist strength, it is a strong marker of mortality risk and an anti-aging 
factor. Their study also showed that participants with lower Klotho 
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concentrations were at higher risk of mortality (Semba et al., 2012). 
In another study, Crasto et al. showed that plasma Klotho levels in 
elderly individuals are inversely and significantly associated with the 
prevalence of disability in daily activities. The results of Matsubara et 
al.'s study on the effect of aerobic exercise on plasma Klotho levels 
and arterial stiffness - as a cardiovascular risk factor and aging - are 
similar to the present study. In this study, plasma Klotho levels 
increased and arterial stiffness decreased following a period of 
aerobic exercise in postmenopausal women aged 50 to 76 years 
(Matsubara et al., 2014). Recently, Sagyu et al. studied the effect of 
aerobic and anaerobic activities on circulating soluble Klotho and 
IGF-1 in young and elderly individuals and coronary artery patients. 
They stated that Klotho has an important effect on improving quality 
of life, reducing the negative effects of age on physical strength 
capacity, and possibly increasing lifespan. In this review, different 
models of dynamic exercise and their effects on circulating levels of 
soluble Klotho and IGF-1 in young adult athletes, untrained young 
individuals, trained healthy elderly individuals, untrained healthy 
elderly individuals, and individuals with coronary artery disease were 
reviewed and discussed. They showed that long-term (chronic) 
aerobic exercise is likely an anti-aging agent that counteracts aging 
and the process of coronary artery disease by increasing circulating 
soluble klotho and reducing IGF-1 levels. However, the opposite 
effects occur following anaerobic exercise (Sagiou et al., 2017). 

As a suppressor of aging, Klotho is an important molecule in the 
aging process, and its overexpression leads to increased lifespan. 
For many reasons, the insulin/IGF-1 pathway has been considered a 
key pathway in aging research. Since Klotho leads to IGF-I and 
insulin resistance, these findings are inconsistent with previous 
evidence of increased lifespan in dwarf mice by reducing IGF-I and 
insulin levels and increasing insulin sensitivity (Bartke, 2006). 

Soluble Klotho in the blood inhibits IGF-1 and insulin receptor 
signaling by inhibiting the tyrosine phosphorylation of both its 
receptors and their downstream signaling proteins (Dunnit-Correa et 
al., 2014), thus extending lifespan in mice (Corso et al., 2005). 
Furthermore, blocking IGF-I signaling by circulating soluble klotho 
has been shown to increase resistance to oxidative stress, thereby 
increasing survival (Yamamoto et al., 2005). 
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Due to genetic factors, work capacity declines with the onset of 
aging regardless of lifestyle. As a result, maximal oxygen uptake 
decreases. Such complications contribute to the aging-related frailty 
syndrome, thus severely limiting performance, quality of life, and 
lifespan (Ofilalo et al., 2009; Sagiou et al., 2017). Apart from genetic 
issues, an individual must also interact with environmental factors 
associated with longevity. One of these factors is maintaining a high 
level of physical activity (Baldwin and Haddad, 2010). Chronic 
endurance training will reduce the decline in maximal oxygen uptake 
associated with aging (Buford et al., 2014). In addition, anti-aging 
effects have been attributed to aerobic exercise (Bartke et al., 2006). 
The association between muscle function and soluble Klotho 
expression was recently demonstrated in longitudinal cohort studies 
(Barton et al., 2012). 

Recently, a significant association between circulating soluble 
Klotho and IGF-I was observed following aerobic exercise (Sagiou et 
al., 2015). This study showed that circulating soluble Klotho levels 
were similar in healthy young elite runners and professional athletes. 
This response appears to be dependent on the level of aerobic 
fitness (Reimers et al., 2012). Furthermore, a study showed that 
Klotho levels were significantly higher in both young and old age 
groups when trained versus untrained individuals were compared 
(Lee et al., 2014). 

Since aging is an independent risk factor for age-related diseases 
and mortality, there is a growing effort in gerontological research to 
slow aging and increase healthy lifespan. A population studied from 
birth to 91 years of age by ELISA showed that Klotho levels decrease 
with aging. In other words, at any age, elderly people with aerobic 
capacity experience a longer life compared to inactive people (Apor 
and Rady., 2010; Crasto et al., 2012). 

Inhibition of IGF-1 signaling by IGF-1R haploinsufficiency, 
reduction of IGF-1 ligand levels, or deletion of the insulin receptor in 
adipose tissue increases lifespan. Increased Klotho expression 
inhibits insulin and IGF-1 signaling. Therefore, Klotho slows down 
aging directly by signaling target tissues and indirectly by inhibiting 
insulin signaling and inducing the FOXO1 mediator in adipose tissue. 
In addition, the antioxidant, antifibrotic, anticancer, calcium 
transporter enzyme, and antiphosphatemia properties contribute to 
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the antiaging role of Klotho. Klotho can protect organs and delay the 
development of chronic diseases, which it does by creating beneficial 
and beneficial signals in vital cells of the body. High extracellular 
phosphate concentrations are toxic to cells, and impaired urinary 
excretion of phosphate; It increases serum phosphate levels and 
stimulates premature aging. Urinary phosphate levels increase with 
excessive phosphate intake, which induces tubular damage and 
interstitial fibrosis. Klotho prevents hyperphosphatemia, protects the 
vessels and renal system, and thus prolongs life. In addition, 1,25D, 
in cooperation with Klotho, delays vascular calcification by inducing 
osteoponin. In patients with renal failure due to loss of renal mass, 
1,25D and Klotho play a key role in improving kidney and vascular 
health. Klotho protects against endothelial dysfunction and regulates 
nitric oxide production: Klotho has an anti-aging and anti-apoptotic 
role in vascular endothelial cells, thereby protecting against 
endothelial dysfunction. Klotho is known as a humoral factor and is 
constantly present in vascular endothelial cells and plays an 
important role in controlling vascular tone, releasing nitric oxide in 
response to specific agonists such as acetylcholine. As a result, 
Klotho upregulates nitric oxide. Urinary excretion of Klotho 
metabolites such as NO2 and NO3 significantly reduced Klotho in 
mice. Klotho deficiency reduces NO production and consequently 
impairs endothelial function. Klotho protein acts as a factor for 
converting inactive precursors into biologically active ones (Saito et 
al., 2000; Bien et al., 2015). 

In general, the effect of coenzyme Q10 supplementation on 
serum Klotho levels has not been studied, but the anti-aging effects 
of CoQ10 have been discussed to some extent. A significant 
decrease in the rate of CoQ biosynthesis occurs during the aging 
process and age-related diseases (Hernandez-Camacho et al., 
2017). However, there is controversy regarding the relationship 
between CoQ levels and the progression of aging. Mice lacking one 
allele of the COQ7 gene (mCOQ7/mCLK1 gene) show prolonged 
lifespan, even though their CoQ levels are similar to wild-type mice, 
suggesting that a factor other than endogenous CoQ may be 
responsible for the extended lifespan in these animals (Lapointe and 
Hakimi, 2008). However, other in vivo studies have reported a direct 
relationship between lifespan and mitochondrial CoQ levels in the 
Samp1 mouse model of accelerated aging (Tian et al., 2014). 
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Ubiquinone supplementation has been shown to activate 
mitochondrial biogenesis control mechanisms (Schmelzer et al., 
2010) and delay aging (Tian et al., 2014). 

Plasma CoQ10 concentrations in older adults are directly related 
to physical activity levels and cholesterol concentrations (Del Pozo-
Cruz et al., 2014a,b), as well as to lower lipid oxidative damage. 
Antioxidant protection by CoQ10 is associated with skeletal muscle 
function during aging, suggesting that the CoQ10H2/CoQ10 ratio is 
associated with increased muscle strength (Fischer et al., 2016). 
Conversely, the CoQ10H2/CoQ10 ratio can be considered as a 
predictor of sarcopenia in humans. Elderly individuals who received a 
combination of selenium and coenzyme Q10 over a 4-year period 
showed improvements in quality of life, exercise performance, and 
vitality (Johansson et al., 2015). Furthermore, CoQ10 
supplementation has been shown to confer health benefits in older 
adults by inhibiting chronic oxidative stress associated with 
cardiovascular disease and neurodegeneration (Gonzalez-Guardia et 
al., 2015). Despite this evidence, most validated geriatric clinical 
trials have primarily focused on CoQ10 as an effective anti-aging 
treatment (Varela-Lopez et al., 2016). 

 

Conclusion:- 
In general, the results of the present study show that performing 

aerobic exercise and taking Q10 supplements simultaneously for 8 
weeks improves serum Klotho levels in the elderly, thereby reducing 
mortality due to aging and improving the living conditions and 
independence of the elderly. 
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Table 1. Participant baseline characteristics from eligibility screening. Data are 
means (±SD). 

GROUP AGE (yrs) BMI (kg/m2) 
AT+ Q1Os  66.90 (3.69) 25.98 (1.20)  

AT 67.90 (3.98) 26.02 (1.006) 
Q1Os 67.80 (3.39) 25.89 (1.16) 

Control 98.30 (4.11) 26.27 (0.92) 
 

Fig 2. change in blood klotho marker. 
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