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Longevity protein klotho is
induced by a single bout of
exercise

Physical activity clearly reduces disease-
specific mortality in patients with diabetes.1

The mechanism responsible for reduced
mortality appears to be linked to
exercise-induced improvement in oxidation
and reduction (redox) responses, as well as
the halting or reversal of arterial and venal
calcifications2 3 in diabetes-associated car-
diovascular diseases (CVD)—currently the
world’s leading cause of mortality.4 A
recent review established a relationship
between decreased bioavailability of the
protein klotho with CVD and with chronic
kidney disease (CKD) disease states.5

Reduced levels of klotho are related to
CVD and CKD complications, involving
vascular calcification, inflammation, endo-
thelial dysfunction and redox imbalance.5

Klotho is primarily expressed in the
kidneys, but also found in other organs as
well as cerebrospinal fluid, urine and
blood.6 Reduced plasma levels of klotho
are found in elderly persons, and klotho
deficient mice display an ageing pheno-
type, which includes reduced lifespan,
infertility, skin atrophy, osteoporosis and
ectopic calcification.7 While klotho signal-
ling is not entirely understood, it has been
demonstrated to act as a coreceptor with
fibroblast growth factor receptor 1c
(fgfr1c). Together, klotho and fgfr1c act as
a receptor for fibroblast growth factor 23
(fgf23) ligand. Fgf23 has been implicated
in the regulation of phosphate, calcium
and vitamin D metabolism. Besides regu-
lating phosphatase and calcium absorp-
tion, klotho has been shown to attenuate
oxidative stress, in addition to both, the
insulin and Wnt-signalling pathways.8

While it is well established that physical
exercise inhibits the development of
CVD and CKD and also improves CVD and
CKD prognoses,1 2 whether exercise-induced
production of klotho is involved in the
attenuation of CVD and CKD, has not been
thoroughly studied. A recent study demon-
strated that 12 weeks of low-to-moderate
intensity aerobic training (AT) increased
plasma levels of klotho and improved arterial
stiffness in postmenopausal women.6 This
was the first study demonstrating that
chronic (12 weeks) low-to-moderate intensity
AT correlates with an increase in systemic
levels of klotho.6 Whether an acute bout of
exercise could induce klotho expression was
unknown.

This letter reports the effect of a single
20 min bout of maximal intensity running
on systemic levels of klotho in 11 healthy
men and 10 healthy women who performed
resistance and aerobic training for at least
1 year, 4 to 5 times per week. Age, body
mass index (BMI) and resting blood pressure
(BP) were recorded on the day of the exer-
cise session and maximum heart rate (HR)
was calculated before exercise was per-
formed (table 1). Both maximum HR

reached during exercise and BP postexercise
were measured (table 1). Men (32.7
±9.2 years; BMI 25.6±2.5 kg/m2) and
women (36.3±8.7 years; BMI 23.6±2.1 kg/
m2), reached within at least three points of
their maximum calculated HR (table 1). In
order to measure the effect of a single bout
of exercise on klotho expression in serum,
blood samples were collected prerun and
postrun. Serum klotho levels were measured
using an ELISA kit (DY5334–05, R&D

Table 1 Physical fitness parameters

# Age BMI HRmax (calc) HRmax (reached) BP (pre) BP (post)

Females
1 37 2434 183 181 120×80 175×90
2 37 2350 183 184 120×70 180×90
3 32 2630 188 187 110×65 195×95
4 23 2145 197 196 115×70 190×90
5 49 2057 171 171 120×80 190×90
6 46 2164 174 174 120×80 185×90
7 34 2657 186 185 130×85 195×95
8 47 2250 173 170 135×80 185×90
9 31 2388 189 186 120×80 195×90
10 27 2535 193 192 110×70 195×95
Males
1 48 2937 172 174 120×80 190×90
2 35 2416 185 186 110×70 185×90
3 24 2871 196 195 110×70 195×90
4 30 2260 190 188 120×80 205×90
5 34 2688 186 185 120×80 195×95
6 48 2260 172 172 110×70 190×90
7 27 2595 193 193 120×70 195×95
8 32 2253 188 187 110×75 195×90
9 21 2745 199 197 115×75 205×95
10 28 2556 192 191 120×80 180×90
11 28 2615 192 193 110×80 190×90

Age of healthy participants and body mass index (BMI) were recorded on the day of the study. BMI was calculated by
dividing weight (kg) by height squared (m). Age was used to calculate maximum heart rate (HR), (220–age). Blood
pressure (BP) was recorded before and after the single, 20 min bout of maximal intensity running. BMI, body mass
index; BP, blood pressure; HR, heart rate.

Figure 1 Serum klotho levels premaximal and postmaximal treadmill run. Serum klotho levels
measured by ELISA pre-exercise and postexercise. (A) Pre-exercise and postexercise klotho levels
in women; *p<0.0092 (n=10). (B) Pre-exercise and postexercise klotho levels in men (p=0.2093;
n=11). Paired Student’s t-test was performed. Pre-Ex, pre-exercise; post-Ex, postexercise.
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Systems). Exercise significantly induced
klotho levels in women (figure 1A)
(*p<0.0092), while a trend towards an
increase was also observed in men (figure
1B) (p=0. 2093). Taken together, a single
maximal aerobic exercise session of
20 min duration induced serum levels of
klotho, particularly in women. Further
studies will aim to evaluate the acute and
chronic effects of aerobic exercise and
resistance training, on klotho expression
and disease prevention.
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