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Abstract
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Background: Inflammation may play an important role in development of mild cognitive impairment
and also predict progression of cognitive diseases. Studies have shown that aerobic and strength training
increases the ability to generate and secrete cytokines from the skeletal muscles (then named myokines)
that might be protective.
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Objectives: This pilot study was intended to explore if it is possible to detect changes in cytokine/myokine
levels in response to a single exercise test in patients with mild cognitive impairment before and after a
training intervention.
Participants and Methods: Participants with mild cognitive impairment (N=33) performed12 weeks
aerobic and strength endurance training at moderate (n=13), at high intensity (n=12) or served as
control group with no training (n=8). At baseline and after 12 weeks a single maximal exercise test was
performed where 2 venous blood samples were collected respectively, one at rest and one at maximal
workload. TNF-α, IL-6, IL-1β, and IL -8 were assayed using commercial ELISA kits.
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Results: Resting values of TNF-α, IL-6, IL-1β, or IL -8 at base line and post training were normal
compared to reference values for all patients.
At baseline, a single exercise test elevated levels of the myokines, IL-6 (p= 0.002), TNF-α (p<0.001) and
IL-8 (p=0.020) in the total group of participants.
After a training period of 12 weeks, a single exercise test elevated levels of the myokines IL-6 and IL-1β
in the moderate intensity group(p= 0.002 and p=0.011 respectively) and in the high intensity group
(p=0.003 and p=0.037 respectively). A reduction of the cytokine IL-6 (p=0.05) at rest was seen in high
intensity group.
Conclusion: Our results indicate that the method to explore cytokines/myokines using a single exercise
test could be a useful complement to simply analysing resting values of cytokines, and that positive
protective effect of training thus might be detectable.

Introduction
Mild Cognitive Impairment (MCI) is considered a stage between
normal cognitive ageing and dementia characterized by cognitive
impairment, preserved activities of daily living and either intact
or minimally impaired complex instrumental functions [1].
Approximately 10 percent of cases, yearly, advance to Alzheimer's
disease (AD) [2]. The numbers vary in different studies and the
patients are often followed for many years as no markers exist today
that with certainty distinguishes patients that in the future will
convert from MCI to a dementia disease. The term MCI has different
definitions but one of the most commonly used has been to describe
MCI as memory impairment beyond normal cognitive aging.
As no effective curative therapy is yet available, it is of greatest
importance to reduce risks for developing cognitive diseases through
interventions and mapping of risk factors. An increased knowledge
and awareness of influential life style factors and pathogenic factors
such as diabetes, midlife obesity, depression, physical and mental
inactivity, smoking, midlife hypertension, level of education and
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diet has led to treatment strategies for both primary and secondary
preventive purposes [3-6]. The relation between physical activity,
metabolic factors, inflammatory markers, mild cognitive disease and
dementia has been studied both with the purpose of early diagnosis
and to predict conversion from MCI to AD [7,8].
Pathophysiological alteration of inflammatory markers, such as
cytokines, has been studied, and elevated levels of tumor necrosis factor
alfa (TNF-α), interleukine (IL) IL-6, IL-8, IL-10, cyklooxygenas 2
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(COX-2) and interferon alfa (INFα) has been found in MCI patients
compared to controls [8,9]. Also, elevated levels of the cytokines IL-6,
IL-1β and TNF-α [10-14] has been found in depressed patients which
is of interest since depression is common in patients diagnosed with
MCI. Additionally, inflammatory changes are induced when fatty
tissues enlarge (obesity) which can be seen in an increased production
of cytokines, then named adipokines (TNF-α and monocyte
chemotactic protein 1 (MCP1)) [15,16]. Moreover, inactivity has been
associated with inflammation (having increased IL-6 and C-reactive
protein (CRP)) independently of obesity, gender, age and smoking
[17].
Physical activity and training has a lot of known beneficial
physiological effects, for instance, on the circulatory system; with
increased stroke volume, increased capillarization, decreased blood
pressure and on the metabolism; with increased mitochondrial
function leading to increased aerobic capacity, decreased blood
glucose levels and decreased insulin resistance, decreased blood lipids
with increase of HDL [16,18,19]. Thus, training counteracts life styleinduced factors such as diabetes, obesity and hypertension [20,21]
(in 20 chapter 26, 36, 31). Moreover, moderate training as well as a
single training bout provides general improvement in the immune
system [22]. Also, training has been shown to have anti-depressive
effects [20,23](in 18, chapter 24). In older people improved memory
and increased hippocampal volume has been observed after aerobic
training [24] and exercise during middle age has been shown to
give positive long-term improving effects on cognitive functions
and protect against onset of dementia [25,26]. In patients with MCI
aerobic training and/or strength training has also been shown to
improve cognition, global cognitive ability and memory [27-29].
Also, biochemical improvements of brain derived neurotrophic
factor (BDNF), cholesterol, testosterone, estradiol, dehydroepiandrosterone, and insulin has been observed after training in patients with
MCI or dementia [30]. The dose of training to obtain the best outcome
has been in focus, where high intensity training improves maximal
oxygen uptake (VO2 max)in a greater extent, compared to endurance
training at lower intensities, in younger persons [31].
During skeletal muscle contractions different cytokines, in this
context named myokines are released [32-34]. The myokines have
been shown to have autocrine, paracrine and endocrine effects. As
examples, in the working muscles glucose and fat-uptake are increased
(IL-6, BDNF), the growth of capillaries nearby are stimulated (IL8, CXCL-1?), glucose-releases from the liver (IL-6) and fat-releases
from the adipose tissue is stimulated (IL-6, Irisin) [35-38]. Also, antiinflammatory effects have been shown, whereIL-6 from the muscles
has a direct anti-inflammatory effect due to inhibition of TNF-α and
an indirect effect due to release of anti-inflammatory 1L-1ra and IL10, which antagonize the pro-inflammatory TNF-α, IL-1β and IL-8
[15,25,39-41].
The release of myokines has been shown directly as a response
to single exercise bouts< 3 h,and the ability to generate and secrete
myokines has been shown to increase after aerobic and strength
training> 8 weeks [42]. Our assumption is that a single exercise test of
10-12 min duration with increased inclination to maximal workload
and corresponding increase in muscular work, could be a possible and
effective way to study the stimulated release of myokines.
Apart from this possibility, the exercise test combined with ECGor pulse measurement and ergospriometry, is an excellent test to
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perform, giving the measured maximal heart rate and oxygen
uptake, which are useful when prescribing physical activities with
individualized intensity. The exercise test is also a gold standard for
determination of the aerobic capacity (peak oxygen uptake, VO2
peak), which is useful in order to follow the effect of training.
Our hypothesis was that a blood sample taken during a rest period
would show levels of cytokines that mirror inflammatory processes.
We assumed that myokine levels would increase during muscle work
at the single exercise test and that the effects from interventional
training lower the levels of inflammatory cytokines at rest (i.e.IL-6,
IL-1β, IL-8 and TNF-α) and that the anti-inflammatory myokine
levels produced by muscle work(i.e.IL-6) are increased after a training
period. Our assumption also was that high intensity training gains
more effects than moderate intensity.
The present study was intended as a pilot study to explore if it is
possible to detect changes in cytokine/myokine levels in response
to a single exercise test, with measurements at rest and at maximal
workload, in patients with MCI. Further the aim was to explore if the
levels of cytokine/myokine changes after a period of aerobic exercise
and strength endurance training with two different intensities.

Participants and Method
Participants
The recruitment process started with letters asking for interest
to participate in the study to 234 patients with mild cognitive
impairment (MCI) diagnosed at two Memory Clinics (135 and 99
patents respectively) who had visited the clinics in a 2-year time
span. Seventy persons showed interest and their medical journals
were checked with respect to inclusion and exclusion criteria whereafter 20 persons were excluded and additional 4 persons declined
participation.
The inclusion criteria were; 60-80 year, a Mini Mental State
Examination ≥ 24, and a medical investigation the latter 12 months or
consecutive new patients. The exclusion criteria were; dementia, other
known brain disease or brain injury explaining the cognitive decline,
serious psychological disturbance, medical obstacles that counteract
exercise tests or training or deficient knowledge of Swedish language.
Thus 46 persons were invited to participate of which 42 accepted to
be included in the project and were randomized into the three groups.
Six persons declined participation before the initial test session, 3 due
to transport difficulties and 3 due to joint problems (back, knee, and
foot).
Finally 36 participants were included into a control group (CG)
(n=8), a moderate intensity training group (MITG) (n=13) and
a high intensity training group (HITG) (n=15). One subject in the
moderate intensity group performed the initial tests but did not
show up to the exercise sessions due to a longer vacation abroad.
Two subject in the high intensity group stopped exercise, one after 2
sessions due to hip arthrosis and one after 3 sessions due to extreme
tiredness. Thus 25 participants fulfilled exercise training period and
the baseline and post training-tests. Analyses of the actual intensities
during the 12 weeks of training were performed using the recorded
heart rate (HR), which showed that 3 participants in the moderate
group had performed exercise with higher heart rate than prescribed.
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Figure 1. Flow-chart describing the recruitment, randomisation to the control group, moderate (MITG) and high
intensity (HITG) training group as well as the shift of participants post training for analyses.

Additional 4 participants in the high intensity group had an actual
exercise intensity lower than prescribed. Thus a shift of these 7
participants were made and analyses performed based on actually
exercise intensities were made having 13 participants in the MITG
and 12 in the HITG, see figure 1.
Exercise test
A maximal incremental exercise test was performed on an
ergometer cycle (Crescent 939E, Monark, Cycleurupe®, Sweden).
Measurements of oxygen and carbon dioxide (ergospirometry) were
performed using Oxycon pro™ (Carefusion, Hoechberg, Germany)
with breath-by-breath sampling and registration every 10th second.
The test protocols were designed with an initial load of 30W and an
increase of 5W/30s for women and an initial load of 50W followed by
an increase of 5W/20s for men according to Astrom [43]. ECG was
measured at rest and continuously during exercise. Blood pressure
and rating of perceived exertion (RPE) on Borg 6-20 RPE scale [44]
were performed every second minute. The test was ended when the
subject rated 19-20 on the RPE scale, or if any clinical objective were
detected, or any subjective symptoms were reported. Maximal values
of RPE and heart rate (HR) were registered in order to prescribe
exercise intensity. Maximal heart rate (beats/min) was defined as
the mean of six 10s registration at maximal workload. Experienced
exercise physiologist/physiotherapist and an experienced cardiologist
were in charge for the tests. A defibrillator was available in case of
need and the personal master the heart-lung rescue procedure.
Int J Phys Ther Rehab
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Blood samples
Venous blood samples were collected from v. brachialis prior (at
rest) and directly after the maximal exercise test (maximal workload),
stored in refrigerator and transported to the Immunological
Laboratory, Skånes University Hospital, Lund for analyse of the
cytokines/myolines TNF-α, IL-6, IL-1β and IL-8.
Analyses of cytokines/myokines
The method used to detect cytokines in plasma and serum is a
commercial Quantikine HS ELISA Kit from R&D-systems, Inc.
(Minneapolis, USA), for details see links (45). IL-6, IL-1β and TNF-α
was analysed in serum and IL-8 in plasma. The following reference
values were applied for estimating inflammation; IL-6<8ng/L, IL1B
<5 ng/L, TNF <15ng/L and IL-8<60ng/L(46).
Training intervention
Training was performed one hour two times a week for 12 weeks
in two groups, one with moderate intensity training (MITG) and one
with high intensity training (HITG) according to Northons intensity
classification [47].
Each individual was given a range of HR as well as a range of
perceived exertion, based on the initial maximal exercise test, as an
IJPTR, an open access journal
Volume 3. 2017. 138

Citation: Bengtsson-Lindberg ME, Wilke L, Vestberg S, Jacobsson H, Wisén A (2017) Exercise-induced Release of Cytokines/Myokines in a Single Exercise
Test before and after a Training Intervention in Patients with Mild Cognitive Impairment. Int J Phys Ther Rehab 3: 138. doi: https://doi.org/10.15344/24557498/2017/138
Page 4 of 9

exercise recommendation for guidance during the training. Those in
the high intensity group were given a range of HR of 70-90 %HRmax
with the corresponding perceived exertion varying between 7-17 on
the RPE-scale and those in the moderate intensity group were given
a range of HR of 55-70% HRmax with the corresponding perceived
exertion varying between 6-13 on the RPE-scale.When prescribing
exercise using a range of heart rate (based on a previous exercise test)
– an assumption is that during the training period the participant has
to adjust/increase the load (or power) because a training effect is that
the sub-maximal heart rate becomes lower.
An experienced physical leader supervised the exercise. Aerobic
training was performed on stationary bicycles and synchro-machines,
using interval training. Endurance strength training was performed
using different weight training machines. Each session had the same
construction, starting with a warming up standing freely in the room
during 6 min, followed by 5 min aerobic on bicycle or synchromachines, four different exercises of 2 min strength endurance, 10
min aerobic on bicycle or synchro-machines, three different exercises
of 2 min strength endurance, 10 min aerobics on bicycle or synchromachines, 4 min of cooling down and additional 4 min of stretching
standing freely in the room.
During each training session HR was monitored by using Polar
300 chest belt placed around thorax connected to a wrist unit (Polar
Electro Oy, Kempere, Finland). Each individual used the same wrist
unit during all exercise sessions. Each participant had their own diary
with clear instruction of intensity and after each exercise part they
were asked to manually write down the HR as well as their perceived
exertion. After the training period all the registrations of HR from the
Polar equipment were transferred to a computer and analysed in order
to ensure that the exercise intensities performed were in accordance
with the prescribed intensity. These analyses resulted to the shift of
participants between groups described above, with the motivation
that actual performed intensity during exercise are physiological
correct to analyse than prescribed not fulfilled intensities.
The participants in the control group (CG) were asked to continue
with their ordinary activities and were not given any training regimes.
Test and training procedure
Blood samples were collected at rest and directly after the maximal
exercise test at baseline and also after the 12 weeks intervention. The
test- and training procedure is shown in figure 2.
Statistics
The characteristics of the participants are presented as number,
mean (min-max) or year span. Cytokine/myokine levels are shown
as median (min-max) and the differences are presented as median

Baseline
Single exercise test
Blood samples
at rest and maximal workload

(25th-75th percentile) and as median%. To assess difference Wilcoxon
Signed Rank test was used within groups and Kruskal-Wallis test was
used between groups. The statistical tests were performed in IBM
SPSS Statistics 22 for Windows (IBM Corporation, Armonk, NY,
U.S.). A significance level of 0.05 was chosen.
Ethical approval
The study was approved by the Regional Ethical Review Board in
Lund, Sweden (2014/6). Each participant signed a written informed
consent after written and oral information.

Results
The characteristics of the 33 participants in this study are shown in
Table 1. Twenty-five participants completed the training period and
the baseline- and post- exercise tests (13 in the moderate intensity
training group MITG, 12 in the high intensity training group HITG),
and 8 participants completed the baseline- and post-exercise tests as
controls, (CG). Male gender was more prevalent in all three groups.
There were no differences in age, body weight, body height or BMI
between the three groups. Fourteen participants were classified as
overweight or obese according to the WHO classification system
[48]. Also, 17 of the participants subjectively reported problems with
balance and/or vertigo (4 in CG, 6 in MITG and 7 in HITG).
Resting values in all participants of the cytokines TNF-α,IL-6,
and IL-8 were normal compared to the reference values (see
method section). Normal resting values were also seen for IL-1β in
all participants except one in MITG at retest and one in HITG at
baseline. This indicates that no inflammatory process were active in
this group of MCI patients, neither at baseline nor after the 12 weeks
intervention.
The baseline measurements at rest and directly after the maximal
exercise test (maximal workload) of cytokines/myokines for all
participants are shown in Table 2. It can be seen that the median
values for all four cytokines/myokines are higher after the maximal
exercise test than at rest, with a significantly increased level of IL-6
(p= 0.002), TNF-α (p<0.001) and IL-8 (p=0.020).
The baseline measurements at rest and directly after the maximal
exercise test (maximal workload) of cytokines/myokines for the
participants spit into training groups and controls are presented in
Table 2. It can be seen that the median values for IL-1β in MITG and
IL-8 in HITG was lower at maximal workload than at rest. Otherwise,
the same patterns with higher values of cytokines/myokines after the
maximal exercise test compared to at rest can be observed in the three
groups similar to all participants baseline values, but with significant
increased levels only for TNF-α (p=0.016) in the CG and for IL-6 (p=
0.001) and IL-8 (p= 0.012) in the MITG.

12 weeks intervention
Arobic and strength endurance
traing with moderate or high
intensity and controls with no
intervention

Retest
Single exercise test
Blood samples
at rest and at maximal workload

Figure 2: The test- and training procedure is described. Two exercise tests were performed, one at baseline and one after the training
intervention. During each exercise test session blood samples were collected at rest and at maximal workload for analyses of cytokines/
myokines.
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CG (n=8)

MITG (n=13)

HITG (n=12)

All (n=33)

5
3

9
4

7
5

21
12

Age (years)

71 (63-77)

70 (61-79)

72 (64-79)

71 (61-79)

Body weight (kg)

76 (62-93)

76 (61-93)

75 (58-98)

76 (58-98)

Body height (m)

1.74 (1.63–1.84)

1.75 (1.68–1.98)

1.73 (1.58–1,84)

1,74 (1,58–1,98)

25 (22-29)

25 (21-30)

25 (21-31)

25 (21-31)

5
3
0

8
4
1

6
5
1

19
12
2

1

0

0

1

2005-2012

2002-2013

2000-2014

2000-2014

1
2
2
3
0

1
1
0
3
1

1
1
0
5
1

3
4
2
11
2

1
0

0
4

0
6

0
11

VO2max
(L/min)
(ml/kg/min)

1.7 (0.55)
22.8 (4.0)

1.8 (0.50)
24.0 (4.9)

1.4 (0.40)
19.4 (5.2)

1.7 (0.50)
22.0 (5.1)

HRmax (bpm)

133 (26)

146 (12)

128 (16)

134 (20)

Male
Female

BMI (kg/m2)
BMI classification (WHO)
Normal weight
Overweight
Obese class I
Smoker
MCI diagnosed (year)
Medication
Acetylcholinesteraseinhibitor
Anti-depressant
Cortison
Anti-hypertensive
Anti-diabetic
Anti-koagulantia
Warfarine
Aspirin

Table 1: Characteristics of the 33 participants included in the study when randomized into the three different groups, control (CG), moderate intensity training
(MITG) and high intensity training (HITG) presented as number, mean (min-max),or year span and mean (SD).

IL6 at rest

All (n=33)
Baseline
1.02 (0.13–5.42)a

CG (n=8)
Baseline
Retest
1.08 (0.71–1.53)
0.98 (0.47–2.87)

MITG (n=13)
Baseline
Retest
0.72 (0.13–5.42)a 0.92 (0.30–4.67)

IL6 at max load

1.15 (0.27–5.91)b

1.24 (0.82–1.68)

1.55 (0.19–3.46)

0.96 (0.27–5.91)a

1.39 (0.43–4.54)

1.23 (0.56–2.33)a

0.81 (0.34–2.51)

0.002

0.094

0.250

0.001

0.002

0.622

0.003

IL6 max-rest diff

0.20 (0.00–0.30)

b

0.13 (0.03–0.35)

0.37 (-0.10–0.56)

a

0.23 (0.14–0.39)

0.21 (0.09–0.87)

0.10 (-0.08–0.22)

0.15 (0.07–0.26)

%
IL1β at rest

18%
0.65 (0.00–5.49)a

15%
0.65 (0.00–4.08)

25%
0.69 (0.00–1.45)

29%
0.80 (0.00–2.92)a

32%
0.78 (0.00–6.71)

3%
0.60 (0.00–5.49)

22%
0.94 (0.00–4.17)

IL1β at max load

0.98 (0.00–9.00)b

1.07 (0.00–4.30)

1.06 (0.68–1.74)

0.74 (0.00–3.44)a

1.26 (0.00–9.00)

1.10 (0.00–9.00)a

1.30 (0.00–9.00)

p-value

HITG (n=12)
Baseline
Retest
1.11 (0.44–1.91)
0.73 (0.25–1.76)

a

0.111

0.813

0.172

0.533

0.011

0.084

0.037

IL1β max-rest diff

0.25 (-0.06–0.74)b

0.13 (-1.14–0.83)

0.29 (-0.07–0.96)

0.09 (-0.15–0.54)a

0.50 (-0.10–1.03)

0.46 (0.00–1.00)a

0.69 (0.00–3.10)

%
TNFα at rest

68%
1.57 (0.97–3.76)a

91%
1.34 (1.07–2.72)

48%
1.81 (0.99–2.76)

8%b
1.67 (0.97–3.76)a

38%
1.78 (1.11–4.22)

72%
1.67 (1.06–2.61)

70%
2.32 (1.43–3.54)

TNFα at max load

1.73 (0.95–3.97)b

1.42 (1.34–3.84)

1.81 (1.05–2.93)

2.04 (0.95–3.97)a

1.78 (1.11–3.38)

1.73 (1.10–3.27)a

1.93 (1.34–3.98)

<0.001

0.016

0.945

0.064

0.569

0.102

0.210

p-value

p-value
TNFα max-rest diff

0.21 (0.02–0.49)

0.27 (0.11–0.99)

0.05 (-0.59–0.58)

0.18 (-0.01–0.36)

0.00 (-0.59–0.31)

0.27 (-0.05–0.49)

-0.20 (-0.45–0.17)

%
IL8 at rest

10%
2.97 (0.00–10.00)a

24%
2.59(0.00–10.00)

5%
3.21 (2.69–5.88)

7%
2.97 (1.14–3.92)a

0%
3.35 (0.00–7.02)

16%
4.01 (0.00–6.45)

-9%
2.84 (0.00–5.51)

IL8 at max load

3.30 (0.00–13.00)b

3.30(1.12–13.00)

4.24 (2.25–5.64)

3.56 (1.46–9.45)a

3.99(0.00–13.00)

2.49 (0.00–7.81)a

2.33 (0.00–6.76)

0.020

0.250

0.313

0.012

0.176

0.922

0.831

p-value

b

a

a

21%
18%
5%
74%
31%
-11%
3%a
%
Table 2: Baseline and retest measurements (median (min-max) Ng/L) at rest and at maximal workload for IL6, IL1β, TNFα and IL8 (n=33). The difference (median
25th and 75th percentile Ng/L) and median% between maximal values and resting values for each cytokine/myokine are presented with statistical p-value (Wilcoxon
Signed Ranks test).
1 missing value
2 missing values

a

b
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During the 12 weeks of training 24 sessions were possible to attend,
the mean (min-max) session attended by the MITG was 21 (16-24)
and by the HITG 21 (17-24). During the training period one person
reported influenza infection, but still took part in 22 training sessions.
After the 12 weeks of training, a maximal exercise test with
measurements of the cytokines/myokines was performed again. The
retest measurements at rest and directly after the maximal exercise
test (maximal workload) of cytokines/myokines for the training
groups and controls are presented in Table 2. It can be seen that the
values for TNF-α and IL-8 in HITG was lower at maximal workload
than at rest. Otherwise, the same patterns with higher values of
cytokines/myokines after the maximal exercise test compared to
at rest were observed in the three groups as at baseline, now with
significantly increased levels for IL-6 and for IL-1β in MITG (p=
0.002 and p=0.011 respectively) and in HITG (p=0.003 andp=0.037
respectively).No significant differences of the cytokine/myokine levels
at rest compared with maximal workload were detected in the CG,
Table 2.
Within group comparison of cytokine/myokine levels at rest (retestbaseline) showed significantly lower values at retest for IL-6 (P=0.05)
in the HITG. No other significant within group differences of resting
values were shown in CG, MITG or HITG.
Within group comparison of IL-6, IL-1β, TNF-α, IL-8 levels at
maximal load (retest-baseline) showed no significant changes in CG,
MITG or HITG.
Comparisons of the differences of the cytokine/myokine levels at
single exercise test (max-rest) between the groups using KruskalWallis test were non-significant, both at baseline and at the retest.
Also, baseline and retest comparisons of the differences of the
cytokine/myokine levels of resting values (rest at retest- rest at
baseline) and of maximal workload (maximal workload at retestmaximal workload at baseline) between the groups using KruskalWallis test were non-significant.

Discussion
Main findings
The main findings of our study are;
•

Normal resting values of the cytokines indicates that no
inflammatory processes are active in this group of MCI patients.

•

A single exercise test significantly elevated the levels of myokines
IL-6, TNF-α and IL-8 in the MCI group. The results were not
identically reflected when the MCI group were divided into
intervention groups, probably due to the small sample size in
each of the intervention groups.

•

After a training period of 12 weeks a reduction of the cytokine
IL-6 was seen at rest compared with baseline in the high intensity
group.

•

After a training period an increased production of myokine-IL-6
and IL-1β were seen in the MITG and in the HITG in response
to a single exercise test. In addition, the levels of TNF-α and IL-8
in HITG were lower at maximal workload than at rest.

•

The comparisons between the groups were not statistically
significant.
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These findings will be further discussed below.
Participants
The recruitment of participants to the study started with letters
asking for their interest to participate. Letters were sent to a total of 234
patients with MCI, and 70 patients were positive to participate. Finally
36 of these took part in the study. We assume that our participants were
highly motivated to training and maybe also initially more fit than the
large cohort, thus not fully representative for MCI patients. However,
some of the pathogenic factors mentioned in the introduction [3-6]
were predominant in our sample. Nearly half of the participants were
overweighed or slightly obese, as indicated by the medications; one
third were treated for hypertension and also one third were treated for
circulatory problems (anti-thrombosis treatment). But only a smaller
part of the participants were treated for depression (4 participants),
diabetes (2 participants) or inflammation (2 participants). Thus, comorbidity existed in the group studied. Furthermore, the participants
were heterogeneous regarding the duration of the MCI condition
indicating different aetiologies and hence different expected course of
events both with and without exercise.
Cytokines
Normal resting values of the cytokines, both at baseline and
after the training period, indicates lack of an inflammatory process
in this group of MCI participants. This is in accordance with a
previous review by Saalem [49], where no significant differences in
inflammatory factors were seen between MCI and controls, although
some heterogeneity were observed.
This means that our hypothesis that ourgroup of MCI patients
would show levels of cytokines that mirror inflammatory processes
were not supported.
Among the pathophysiological mechanisms discussed in depression
an inflammatory subtype has been defined, including inflammationrelated processes like platelet activation, oxidative stress and damage
to mitochondria [11]. Analogously, we speculate that there could be a
subtype of MCI with inflammation, or as suggested by other studies,
the inflammatory process might be a possible mechanism in the
conversion of MCI to AD [7,8].
Thus, despite our findings of normal resting values of cytokines,
continuous measurement of inflammatory markers are of interest,
to further explore if there is a subtype with inflammatory processes
in MCI patients and also in clinical long-term follow up to detect
conversion to AD.
Single exercise test and myokine production
The single exercise test with incremental increase allows the person
tested to reach maximal workload in 10-15 minutes and involves
muscular work for large muscle groups in the legs. The results from
this study showed significantly increased levels from rest to maximal
load of the myokines IL-6, TNF-α and IL-8 in the MCI group (N=33),
also a non-significant increased level of IL-1β was seen. When splitting
the sample of all participants into the intervention groups increased
levels from rest to maximal load of all myokines were observed, but
only significant for TNF-α in CG, and for IL-6 and IL-8 in MITG,
probably due to the small sample size.
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As shown in this study with older persons with MCI and also in a
previous study with younger depressed persons [50], the muscle work
performed in a single exercise test is enough to increase the myokines
IL-6, IL-8, TNF-α. Thus, the single exercise test with blood-samples
taken at maximal workload is a time saving possibility to explore the
release of myokines compared to longer single exercise bout with
blood-samples previously described [42]

IL-8 and TNF-α [40,41]. However, no reduction of the proinflammatory myokines was seen at maximal load in the single
exercise test performed in the MITG. Instead the level of exercise
induced pro-inflammatory IL-1β was increased from rest to maximal
load and TNF-α and IL-8 showed no significant changes from rest
to maximal load. Thus, no training-induced reduction of exerciseinduced pro-inflammatory myokines was seen in the MITG.

Thus, our hypothesis that myokine levels would increase during
muscle work at a single exercise test in persons with MCI could be
accepted. In this study, we have not included age-matched healthy
controls, thus we cannot tell if the response would be the same. This is
of particular interest to study since age-related differences have been
observed between healthy young and middle-aged women in some
cytokines 1 hour after a single bout of high intensity training [51].

High intensity training effects on myokine levels

Training
The adherence to the training sessions was remarkably high
(average 21 of 24 sessions) in both exercise groups. The prescription
of exercise intensity was based on each persons maximal exercise test
and given in a range of training heart rate of 55-70% HRmax or 7090% HRmax, corresponding either to moderate or high intensity. In
practise this means that during the training period the participant
increased their power on the stationary bicycles and syncro-machines
and the load at the endurance strength machines in order to withhold the prescribed rage of heart rate. However, the exercise intensity
prescribed was difficult to follow for 7 participants (as described in
the method section), which was detected when we analysed the HR
data collected during the 12 weeks. Three participants in the MITG
found the training inspiring and joyful and questioned the, in their
experienced, low prescribed intensity, and thus chose to increase
their intensity. While 4 participants in the HITG found the intensity
prescribed to high and then decreased their intensity. When analysing
the effect of the training we therefore switched groups for these 7
participants. For further studies our experience is useful, leading to
the recommendation to check actually performed exercise intensities
(not only prescribed intensities) in order to ascertain the dose of
training each participant has completed.
Training effect on cytokine levels
After the 12-weeks training,a significant reduction of the cytokine
IL 6 was seen at rest at the re-test compared with rest at the baseline
test in the high intensity group.This might indicate a traininginduced reduction of inflammatory response. As described above and
in the results, the participants in this study showed normal resting
values both at baseline and after the training period, indicating no
inflammatory processes. Our hypothesis that both moderate and
high intensity training would lower the levels of IL-6, IL-1β and
TNF-α has to be mainly rejected. Other studies have shown reduced
inflammatory markers after training [40], in particular studies with
participants with elevated inflammatory markers to start with. Thus in
order to justify our hypothesis and show reductions of inflammatory
cytokines, this would need to be studied with participants having
inflammatory cytokines elevated at baseline.
Moderate intensity training effects on myokine levels
After the 12-weeks training, a significant increase in the myokineproduction of IL-6 from rest to maximal workload was seen at the
single exercise test in MITG. This is beneficial according to the
proposed effect of IL-6 to antagonize the pro-inflammatory IL-1β,
Int J Phys Ther Rehab
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After training a significant increase in the anti-inflammatory
myokine-production of IL-6 from rest to maximal workload was seen
at the single exercise test in HITG. As in the MITG, also the proinflammatory myokine IL-1β increased from rest to maximal load,
but a reduction of the exercise-induced pro-inflammatory TNF-α
and IL8 were seen which might indicate a training-induced lower
inflammation response in HITG.
The within group comparisons above provide support for the
hypothesis that training has beneficial effects stimulating antiinflammatory production of IL-6, and it seems that high intensity
training lower the levels of some of the pro-inflammatory myokines
(TNF-α and IL8), which also was in accordance with our hypothesis.
However, no differences between the groups were seen when we
compared the controls and the two training groups, a result we assume
is due to the small sample size in this pilot study. Also, it would be
of interest to study the exercise-induced myokine-production in
participants having inflammatory cytokines elevated at baseline.

Conclusion
Our results indicate that the method to explore cytokines/myokines
using a single exercise test could be a useful complement to simply
analyse resting values and that positive protective effects of training
thus might be detectable.
In the group of MCI participants a training period of 12 weeks with
high intensity altered the cytokine/myokine response, which might
indicate a training-induced reduction of inflammatory response.
For further studies larger patient groups and also longer period
of training intervention may be desirable in order to increase the
knowledge of the myokine release and its possible preventive effects
on cognitive impairment.

Competing Interests
The authors declare that they have no competing interests regarding
the publication of this article.

Author Contributions
Design of the study: AW. SV. Analyzed the data: HJ, AW, MEBL
Wrote the first draft of the manuscript: MEBL
Continued writing the manuscript: AW
Contributed to the writing of the manuscript: HJ, MEBL, SV, LW
Agree with manuscript results and conclusions: MEBL, HJ, LW, SV,
AW
Jointly developed the structure and arguments for the paper: MEBL,
AW
Made critical revisions and approved final version: MEBL, HJ, LW,
SV, AW
All authors reviewed and approved of the final manuscript.
IJPTR, an open access journal
Volume 3. 2017. 138

Citation: Bengtsson-Lindberg ME, Wilke L, Vestberg S, Jacobsson H, Wisén A (2017) Exercise-induced Release of Cytokines/Myokines in a Single Exercise
Test before and after a Training Intervention in Patients with Mild Cognitive Impairment. Int J Phys Ther Rehab 3: 138. doi: https://doi.org/10.15344/24557498/2017/138
Page 8 of 9

Acknowledgements

17.

We are grateful to all patients who participated in tests and training.
Special thanks, to Åsa Tornberg, Stephen Garland, Stig Persson,
Adela Briznik, Gunilla Gidö and Lisa Bjartmar, for their professional
contributions with data collection and training.

Fischer CP, Berntsen A, Perstrup LB, Eskildsen P, Pedersen BK (2007)
Plasma levels of interleukin-6 and C-reactive protein are associated with
physical inactivity independent of obesity. Scand J Med Sci Sports. 17:
580-587.

18.

Henriksson J, Sundberg CJ (2015) General effects of physical activity, In:
Physical Activity in the Prevention and Treatment of Disease, FYSS 2015.

19.

Pedersen BK, Akerstrom TC, Nielsen AR, Fischer CP (2007) Role of
myokines in exercise and metabolism. J Appl Physiol(1985) 103: 10931098.

20.

Professional Association for Physical Activity S (2015) Physical Activity in
the Prevention and Treatment of Diseases, Professional Association for
Physical Activity, Sweden.

21.

Dunstan DW, Salmon J, Owen N, Armstrong T, Zimmet PZ, Welborn TA,
et al. (2005) Associations of TV viewing and physical activity with the
metabolic syndrome in Australian adults. Diabetologia 48: 2254-2261.

Winblad B, Palmer K, Kivipelto M, Jelic V, Fratiglioni L, Wahlund LO, et
al. (2004) Mild cognitive impairment--beyond controversies, towards a
consensus: report of the International Working Group on Mild Cognitive
Impairment. J Intern Med 256: 240-246.

22.

Simpson RJ, Kunz H, Agha N, Graff R (2015) Exercise and the Regulation
of Immune Functions. Prog Mol Biol Transl Sci 135: 355-380.

23.

Exercise for depression (2013) Cochrane Database of Systematic Reviews.

2.

Bruscoli M, Lovestone S (2004) Is MCI really just early dementia? A
systematic review of conversion studies. Int Psychogeriatr 16: 129-140.

24.

3.

Norton S, Matthews FE, Barnes DE, Yaffe K, Brayne C (2014) Potential for
primary prevention of Alzheimer's disease: an analysis of population-based
data. Lancet Neurol 13: 788-794.

Erickson KI, Prakash RS, Voss MW, Chaddock L, Hu L, Morris KS, et al.
(2009) Aerobic fitness is associated with hippocampal volume in elderly
humans. Hippocampus 19: 1030-1039.

25.

Mathur N, Pedersen BK (2008) Exercise as a mean to control low-grade
systemic inflammation. Mediators Inflamm 2008: 109502.

4.

Rovio S, Kareholt I, Helkala EL, Viitanen M, Winblad B, Tuomilehto J, et al.
(2005) Leisure-time physical activity at midlife and the risk of dementia and
Alzheimer's disease. Lancet Neurol 4: 705-711.

26.

Kivipelto M, Ngandu T, Laatikainen T, Winblad B, Soininen H, Tuomilehto
J (2006) Risk score for the prediction of dementia risk in 20 years among
middle aged people: a longitudinal, population-based study. Lancet Neurol
5: 735-741.

5.

Ngandu T, Lehtisalo J, Solomon A, Levalahti E, Ahtiluoto S, Antikainen R,
et al. (2015) A 2 year multidomain intervention of diet, exercise, cognitive
training, and vascular risk monitoring versus control to prevent cognitive
decline in at-risk elderly people (FINGER): a randomised controlled trial.
Lancet 385: 2255-2263.

27.

Zheng G, Xia R, Zhou W, Tao J, Chen L (2016) Aerobic exercise ameliorates
cognitive function in older adults with mild cognitive impairment: a
systematic review and meta-analysis of randomised controlled trials. Br J
Sports Med.

6.

Akiyama H, Barger S, Barnum S, Bradt B, Bauer J, Cole GM, et al. (2000)
Inflammation and Alzheimer's disease. Neurobiology of aging 21: 383-421.

28.

7.

Furney SJ, Kronenberg D, Simmons A, Guntert A, Dobson RJ, Proitsi P, et
al. (2011) Combinatorial markers of mild cognitive impairment conversion
to Alzheimer's disease--cytokines and MRI measures together predict
disease progression. J Alzheimers Dis 26 Suppl 3: 395-405.

Strohle A, Schmidt DK, Schultz F, Fricke N, Staden T, Hellweg R, et al.
(2015) Drug and Exercise Treatment of Alzheimer Disease and Mild
Cognitive Impairment: A Systematic Review and Meta-Analysis of Effects
on Cognition in Randomized Controlled Trials. Am J Geriatr Psychiatry 23:
1234-1249.

29.

Fiatarone Singh MA, Gates N, Saigal N, Wilson GC, Meiklejohn J, Brodaty
H, et al. (2014) The Study of Mental and Resistance Training (SMART)
study-resistance training and/or cognitive training in mild cognitive
impairment: a randomized, double-blind, double-sham controlled trial. J Am
Med Dir Assoc 15: 873-880.

30.

Jensen CS, Hasselbalch SG, Waldemar G, Simonsen AH (2015)
Biochemical Markers of Physical Exercise on Mild Cognitive Impairment
and Dementia: Systematic Review and Perspectives. Front Neurol 6: 187.

31.

Milanovic Z, Sporis G, Weston M (2015) Effectiveness of High-Intensity
Interval Training (HIT) and Continuous Endurance Training for VO2max
Improvements: A Systematic Review and Meta-Analysis of Controlled
Trials. Sports Med 45: 1469-1481.

32.

Pedersen BK (2011) Muscles and their myokines. J Exp Biol 214: 337-346.

33.

Pedersen BK (2012) Muscular interleukin-6 and its role as an energy
sensor. Med Sci Sports Exerc 44: 392-396.

34.

Steensberg A, van Hall G, Osada T, Sacchetti M, Saltin B, Klarlund
Pedersen B (2000) Production of interleukin-6 in contracting human
skeletal muscles can account for the exercise-induced increase in plasma
interleukin-6. J Physiol 1: 237-242.

35.

Pedersen BK, Febbraio MA (2012) Muscles, exercise and obesity: skeletal
muscle as a secretory organ. Nat Rev Endocrinol 8: 457-465.

36.

Pedersen BK, Febbraio MA (2008) Muscle as an endocrine organ: focus on
muscle-derived interleukin-6. Physiolrev 88: 1379-1406.

37.

Carey AL, Steinberg GR, Macaulay SL, Thomas WG, Holmes AG, Ramm
G, et al. (2006) Interleukin-6 increases insulin-stimulated glucose disposal
in humans and glucose uptake and fatty acid oxidation in vitro via AMPactivated protein kinase. Diabetes 55: 2688-2697.

38.

Schnyder S, Handschin C (2015) Skeletal muscle as an endocrine organ:
PGC-1alpha, myokines and exercise. Bone 80: 115-125.

Funding
This study was supported by Ribbingska memory-foundation,Greta
and Johan Kocks foundations, Region Skåne and the Memory Clinic
at Skåne University Hospital, Lund, Sweden.

References
1.

8.

Bermejo P, Martin-Aragon S, Benedi J, Susin C, Felici E, Gil P, et al. (2008)
Differences of peripheral inflammatory markers between mild cognitive
impairment and Alzheimer's disease. Immunol lett 117: 198-202.

9.

Magaki S, Mueller C, Dickson C, Kirsch W (2007) Increased production
of inflammatory cytokines in mild cognitive impairment. Exp Gerontol 42:
233-240.

10.

Berk M, Wadee AA, Kuschke RH, O'Neill-Kerr A (1997) Acute phase
proteins in major depression. J Psychosom Res 43: 529-534.

11.

Dantzer R, Capuron L (2017) Inflammation-Associated Depression:
Evidence, Mechanism and Implications. Geyer MA, Ellenbroek BA,
Marsden CA, T.R.E. B, editors: Springer International Publishing AG.

12.

Thomas AJ, Davis S, Morris C, Jackson E, Harrison R, O'Brien JT (2005)
Increase in interleukin-1beta in late-life depression. Am J Psychiatry 162:
175-177.

13.

Hestad KA, Tonseth S, Stoen CD, Ueland T, Aukrust P (2003) Raised
plasma levels of tumor necrosis factor alpha in patients with depression:
normalization during electroconvulsive therapy. J ECT 19: 183-188.

14.

Lindqvist D, Janelidze S, Hagell P, Erhardt S, Samuelsson M, Minthon L,
et al. (2009) Interleukin-6 is elevated in the cerebrospinal fluid of suicide
attempters and related to symptom severity. Biol Psychiatry 66: 287-292.

15.

Pedersen BK (2009) The diseasome of physical inactivity--and the role of
myokines in muscle--fat cross talk. J Physiol 587: 5559-5568.

16.

Sakurai T, Ogasawara J, Shirato K, Izawa T, Oh-Ishi S, Ishibashi Y, et
al. (2017) Exercise Training Attenuates the Dysregulated Expression of
Adipokines and Oxidative Stress in White Adipose Tissue. Oxid Med Cell
Longev 2017: 9410954.

Int J Phys Ther Rehab
ISSN: 2455-7498

IJPTR, an open access journal
Volume 3. 2017. 138

Citation: Bengtsson-Lindberg ME, Wilke L, Vestberg S, Jacobsson H, Wisén A (2017) Exercise-induced Release of Cytokines/Myokines in a Single Exercise
Test before and after a Training Intervention in Patients with Mild Cognitive Impairment. Int J Phys Ther Rehab 3: 138. doi: https://doi.org/10.15344/24557498/2017/138
Page 9 of 9
39.

Petersen AM, Pedersen BK (2006) The role of IL-6 in mediating the antiinflammatory effects of exercise. J Physiol Pharmacol 57 Suppl 10: 43-51.

40.

Allen J, Sun Y, Woods JA (2015) Exercise and the Regulation of
Inflammatory Responses. Prog Mol Biol Transl Sci 135: 337-354.

41.

Nimmo MA, Leggate M, Viana JL, King JA (2013) The effect of physical
activity on mediators of inflammation. Diabetes Obes Metab 15 Suppl 3:
51-60.

42.

Gorgens SW, Eckardt K, Jensen J, Drevon CA, Eckel J (2015) Exercise
and Regulation of Adipokine and Myokine Production. Prog Mol Biol Transl
Sci 135: 313-336.

43.

Astrom H, Jonsson B (1976) Design of exercise test, with special reference
to heart patients. Br Heart J 38: 289-296.

44.

Borg GA (1982) Psychophysical bases of perceived exertion. Med Sci
Sports Exerc 14: 377-381.

45.

R&D. Elisa Kit https://www.rndsystems.com/products/elisas

46.

https://www.rndsystems.com/products/human-il-6-quantikine-hs-elisakit_hs600b

47.

https://www.rndsystems.com/products/human-il-8-cxcl8-quantikine-hselisa-kit_hs800

48.

https://www.rndsystems.com/products/human-il-1-beta-il-1f2-quantikinehs-elisa-kit_hslb00d

49.

https://www.rndsystems.com/products/human-tnf-alpha-quantikine-hselisa_hsta00d

50.

Analysportalen http://analysportalen-labmedicin.skane.se

51.

http://www.analysportalen-labmedicin.skane.se/pics/Labmedicin/
Analysportalen/KIT/IL-6.pdf

52.

http://www.analysportalen-labmedicin.skane.se/pics/Labmedicin/
Analysportalen/KIT/IL-8.pdf

53.

http://www.analysportalen-labmedicin.skane.se/pics/Labmedicin/
Analysportalen/KIT/TNF.pdf

54.

http://www.analysportalen-labmedicin.skane.se/pics/Labmedicin/
Analysportalen/KIT/IL.pdf

55.

Laboratory Medicine, Skåne University Hospital, 2017

56.

Norton K, Norton L, Sadgrove D (2010) Position statement on physical
activity and exercise intensity terminology. J Sci Med Sport 13: 496-502.

57.

WHO. Body mass index - BMI.

58.

Saleem M, Herrmann N, Swardfager W, Eisen R, Lanctot KL (2015)
Inflammatory Markers in Mild Cognitive Impairment: A Meta-Analysis. J
Alzheimers Dis 47: 669-679.

59.

Hallberg L, Janelidze S, Engstrom G, Wisen AG, Westrin A, et al. (2010)
Exercise-induced release of cytokines in patients with major depressive
disorder. J Affect Disord 126: 262-267.

60.

Gmiat A, Micielska K, Kozlowska M, Flis DJ, Smaruj M, et al. (2017)
The impact of a single bout of high intensity circuit training on myokines'
concentrations and cognitive functions in women of different age. Physiol
Behav 179: 290-297.

This article was originally published in a special issue:
Various Approaches for Rehabilitation Science
Handled by Editor(s):
Prof. Susumu Ito
School of Emergency Medical Systems
Kokushikan University
Japan

Int J Phys Ther Rehab
ISSN: 2455-7498

IJPTR, an open access journal
Volume 3. 2017. 138

