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ABSTRACT

Introduction: Menopause is a noticeable period in women's life accompanied by some physiological and
psychological changes leading to health conditions such as obesity, overweighing, cardiovascular, and other
inflammatory diseases.

Aim: Due to the importance of health cares in this period and the effectiveness of exercise training to attenuate
the symptoms, we aimed to compare the effects of an emerging exercise tool by blood flow restriction in limbs
on two public health-related cytokines, IL-6 (Interleukin-6) and NRG-1 (Neuregulin-1) in comparison with
traditional training in overweight postmenopausal women.

Materials-Methods: 30 overweight post-menopausal women were randomly assigned into BFR (Blood Flow
Restriction), HI (High Intensity), LI (Low Intensity) groups (n=10) and performed eight weeks of concurrent
training three days a week. Two lower body and two upper body exercises at 20%1RM (20% of one repetition
Maximum) load for BFR and LI groups and at 80%1RM (80% of one repetition Maximum) load for HI group in
addition to 20 minutes of aerobic training at the end. IL-6 and NRG-1 levels were measured before and after the
eight weeks of training sessions.

Results: Group differences in IL-6 levels were observed in BFR and HI groups (p=0.001 in both groups) but not
in LI group (p=0.29). Differences between groups were significant between BFR and LI (p=0,00) and HI and LI
(p=0.007) but not between BFR and HI (p=0.11). For NRG-1 levels, group differences were observed in all three
groups (p=0.001), (p=0.003), (p=0.007) and the differences between groups for NRG-1 levels were significant
between BFR and LI (p=0.001) and HI and LI (p=0.038) but not between BFR and HI (p=0.065).

Conclusion: Low-intensity BFR training and high-intensity traditional resistance training are functioning
similarly on the levels of IL-6 and NRG-1 in postmenopausal women and low-intensity training with BFR is
more effective than low-intensity traditional training in this proposition.
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INTRODUCTION

Menopause is a considerable period in
women's life comprising some fundamental
physiological and psychological changes that
may lead to losing some health parameters [1,2].
Menopausal women are exposed to some
diseases such as cardiovascular diseases,
osteoporosis, urogenital atrophy, sexual
problems, hot flushes, psychiatric symptoms,
sleep disorders, and metabolic syndrome [2-5].

This period is defined by menses cease,
which is related to endocrine changes and the {3-
estradiol deficiency [2,5] that can affect the
quality and quantity of postmenopausal
women's life3. Overweighing, obesity, and
sarcopenia are the outstanding components of
metabolic syndrome after the onset of the
menopause period [6,7]. Since menopause is
accompanied by hormonal changes and
consequently increasing adipose tissue and
decreasing muscle mass, many molecular
changes are observed during this period in
different tissues including cytokine alternations

[8].

Among these intracellular messengers,
Interleukin-6 (IL-6) and Neuregulin-1 (NRG-1)
can be respectively the representatives of
inflammatory  status and  degenerative

conditions  in  tissues, especially in

cardiovascular health assessments [9-11].

Large pieces of evidence reveal that IL-6,
a pro-inflammatory cytokine, increases in
menopause that can negatively affect
cardiovascular health and body composition
[12,13] (Bakker & Jaspers, 2015; Pfeilschifter et
al., 2002), and conversely, NRG-1, a cardioactive
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growth factor is influential in cardiac cells
development and maintenance [10, 14].

It is widely expressed that regular
exercise can be a beneficial strategy to manage
menopausal symptoms [15-17] and attenuate
these ailments conditions by anti-inflammatory
and anti-oxidative effects [16]. Moreover, recent
studies have shown that resistance training with
blood flow restriction can be practical to
increase muscle mass and strength improving
body composition in older adults including
post-menopausal women [18-21]. We aimed to
study the effects of BFR training, as an emerging
training tool, on serum levels of IL-6 and NRG-
1 as indicators of the health condition in
menopausal women and compare it with
traditional resistance routines.

METHODS
Ethical considerations

All the stages of this experimentation
were conducted following the ethical standards
adopted by the Ferdowsi University of
Mashhad Research Ethics Committee and in
compliance  with  international  ethical

guidelines.

Subjects

A total of 30 overweight postmenopausal
women (Table 1) voluntarily participated in this
research project following the inclusion criteria:
aged more than 50, being in menopause period,
drinker,

non-smoker, and  non-alcohol

overweight, and inactive for at least six months,
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Variable BFR (n=10) HI (n=10) LI (n=10)
Age (y) 61.83 54.2 58.2
BMI (kg/m?) 28.8 28.58 284

BFP (%) 36.01 38.02 37.54

Table 1. The basic characteristics of the participants.

Abbreviations: BMI (Body Mass Index), BFP (Body Fat Percentage), BFR (Blood Flow Restriction), HI (High
Intensity), LI (Low Intensity), 80%1RM (80% of one repetition Maximum), 20%1RM (20% of one-repetition

maximum)

and randomly divided into three concurrent
training (Resistance + Aerobic) groups. All
participants were informed about the whole
project and signed a consent form.

Training protocol

The BFR group performed the resistance
training using BFR cuffs with 20%1RM load, the
HI group performed the resistance training with
80%1RM load, and the LI group performed with
20%1RM load.

All three groups' start of training was a
10-minute walking on a treadmill as a warm-up
and then performed a resistance training
routine according to the protocol (Table 2)
followed by a 20-minute walking on a treadmill
with a 45% HR peak as the aerobic training and
performed the routine three days a week for
eight weeks.

In every session, after warm-up, all three
groups' participants performed three sets of leg
press machines, leg extension machines, biceps
curl, and triceps extension machines with the
specified loads for each group.

BFR intervention

Blood flow restriction cuffs were applied for
blood occlusion in proximal sites of legs and
arms with 5 cm width for arms and 10 cm for
legs.

The external pressure of the arm cuffs was 70
mmHg in the first two weeks and then exceeded
100 mmHg, and for the leg cuffs, it was 70
mmHg in the first two weeks and was promoted
to 120 mmHg by the end of the project.

The cuffs remained unflared during the three
sets of a movement and then flared for three
minutes rest between movements.
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Movement Time BER group HI group LI group
or Sets Intensity/Reps Intensity/Reps Intensity/Reps

Warm-up 10 min

(walking on the treadmill)

Leg press machine 3 sets 20% 1RM 80% 1RM 20% 1RM
15 reps. 12 reps. 15 reps.

Leg extension machine 3 sets 20% 1RM 80% 1RM 20% 1RM
15 reps. 12 reps. 15 reps.

Biceps curl machine 3 sets 20% 1RM 80% 1RM 20% 1RM
15 reps. 12 reps. 15 reps.

Triceps extension machine 3 sets 20% 1RM 80% 1RM 20% 1RM
15 reps. 12 reps. 15 reps.

Aerobic training 20 min 45% 45% 45%

(walking on the treadmill) HR peak HR peak HR peak

Cooldown 5 min

(stretches)

Table 2. The resistance training program.

Assessments

The first blood samples were taken one
day before the training sessions beginning at 8
AM while the participants had undergone 10
hours of fasting, and the second sampling was
done 48 hours after the last training session
under the same conditions as the first time.

The serum samples were kept in a -80°C
freezer and then analyzed with IL-6 and NRG-1
ELIZA kits (Eastbiopharm, China).

The anthropometric measurements,
including height and weight, were assessed for
calculating BMI, and a body composition
analyzer (Inbody 770) was used to determine

BFP%.

Statistical analysis

After the
descriptive statistics were used to determine the

results were obtained,

means and standard deviations. The Shapiro-
Wilk test was then used to check the normality
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Variables Groups Analyze Time P-value within P values
the groups between the
groups
Pre-test Post-test
BFR 11.16+1.59 9.53+1.20 0.001
IL-6 0.001
HI 13.524+2.16 12.3442.42 0.001
LI 12.86+2.08 12.50+2.24 0.29
BFR 14.19+3.89 19.38+3.43 0.001
NRG-1 0.001
HI 14.90+1.36 18.17+2.07 0.002
LI 13.93+1.69 14.84+1.86 0.007

Table 3. Amount of the biochemical variables in pre-and post-analyses.

of the data. To examine the significance of
differences between means, one-way ANOVA
was used and the paired-sample T-test was
used to analyze the differences in means within
the groups. Differences in means between each
pair of groups were assessed using Tukey's
posthoc test. Data analysis was done using SPSS
software version 22, while figures were plotted
with Excel software. Statistical significance was
considered at the level of p<0.05.

RESULTS

The results showed a significant
difference in the BFR and the HI groups in
baseline and post-training levels of IL-6
(P=0.00), but no significant difference was
observed in the LI group (p=0.29) (Table 3). The
significance of differences between means of IL-
6 levels by one-way ANOVA was observed

(p=0.001).

The Tukey's posthoc test showed the
difference between the BFR and the Hi groups
in IL-6 levels was not significant (p=0.11), but it
was significantly different between BFR and LI
groups (p=0.00), between the HI and the LI
groups, there was also a significant difference
(p=0.007) (Table 4, Figure 1).

Variables Groups P-value between the groups
BFR-HI | 0.11
IL-6 BFR-LI  0.001
HI-LI 0.007
BFR-HI = 0.065
NRG-1 BFR-LI | 0.001
HI-LI 0.038

Table 4. The results of Tukey's test.
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Figure 1. Pre- and post-training levels of IL-6 in
three groups.

Regarding the NRG-1 levels, significant
differences were observed in all three groups
(p=0.001), (p=0.003), (p=0.007) in pre-and post-
training levels (Figure 2), and the significance of
differences between means of NRG-1 levels by
one-way ANOVA was observed too (p=0.001).
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Figure 2. Pre-and post-training levels of NRG-1 in
three groups.

When comparing differences between
groups, no significant difference was observed
between the BFR and the HI groups (p=0,065),
but differences between the BFR and the LI
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group (p=0.00) and between the HI and the LI
groups (p=0.038) were significant.

DISCUSSION

The present study aimed to observe the
effects of BFR training on serum levels of IL-6
and NRG-1 after eight weeks of training and to
compare it with high and low traditional
resistance

training in overweight

postmenopausal women.

According to our results, serum levels of
IL-6 decreased, and conversely, NRG-1 levels
increased after eight weeks of training, and the
most changes were observed in the BFR group
compared with the HI and LI groups.

Blood flow restriction training, also
called KAATSU training, was introduced to the
athletic and rehabilitation world in the last
decades of the 20t century by venous blood
occlusion in proximal portions of limbs that are
effective on muscle hypertrophy and strength
gain in different populations [22-24]. The
present evidence shows that this new training
method is not only influential on muscle size
and strength but also is effective on
cardiovascular and endocrine  systems
[18,19,25,26] and may be Dbeneficial for
increasing aerobic capacity due to the elevating
heart rate and more muscle fibers recruitments
while exercising with BFR cuffs [27].

Since the beginning of BFR training,
many studies have been performed in older
populations, including  postmenopausal
women, suggesting that exercising with BFR

cuffs could be an effective alternative to the
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traditional high-intensity training that has too
much pressure on joints [18,19,28].

Menopause is associated with increased
inflammation and pro-inflammatory cytokines,
including IL-6, due to the decline in estrogen
levels [29]. Interleukin-6 (IL-6), detected in 1986
as a B-cell differentiation factor, today is known
as a multi-functional cytokine associated with
immune and acute phase responses and plays a
significant role in the pathogenesis of some
autoimmune diseases [30]. Overproduction of
IL-6 implicates a variety of chronic
inflammatory diseases such as obesity, type 2
diabetes, atherosclerosis, and menopause
[31,32] which are reduced by exercise in these
populations [33,34]. Therefore, among the
therapeutic strategies introduced to alleviate
inflammation in postmenopausal women,
exercise seems to be an effective, safe, and
accessible intervention [35-38].

In line with our results, Macedo Santiago
et al. (2018) reported that eight weeks of
resistance training is effective in reducing IL-6
levels in postmenopausal women [38-43]
showed that long-term aerobic training with
medium to high intensity (55% to 80% HR max),
functional training and a combination of aerobic
and resistance training are all influential in
reduction of serum levels of IL-6 in this group
of women [38,40-43] but in the studies
conducted by Chen et al. (2018) and Arsenault
et al. (2009) four weeks of kettlebell training and
six months of aerobic training with low
intensity (50% HR max) did not alter IL-6 levels
significantly [44,45]. It seems reducing IL-6
levels by exercising in postmenopausal women

Enotnuovika Xpovika — Touog 27°%, Teuxog 4, 2022

is sensitive to the duration and intensity of
exercise.

To the best of our knowledge, this study
is the first approach to the effects of BFR
training on IL-6 levels in overweight
postmenopausal women expressing low-
intensity BFR training can decrease IL-6 levels
as effectively as high-intensity traditional
resistance training.

Based on our results, eight weeks of low-
intensity BFR training can increase NRG-1
levels in overweight postmenopausal women as
high-intensity
resistance training. Neuregulin-1 is one of the

efficiently  as traditional
epidermal growth factor family members that
have significant roles in the development and
plasticity of mneurons, Myelin thickness,
myocardial contractility, and generally in brain
and heart health [46-49].

Animal studies show that exercise can
improve cardiac functions, skeletal muscle
growth, and glucose metabolism through NRG-
1 pathways [50-52].

It is also stated that exercise can up-
regulate NRG-1 expression to promote cardiac
repair [53]. In the same way, LeBrasseur et al.
elucidated that NRG family members, including
NRG-1, are expressed in human muscle fibers to
differentiate myocytes, and eight weeks of
resistance training can elevate the receptor, erbB
[54].

Unlike these findings, in a study by
Froozandeh et al., the NRG-1 levels did not
significantly change after eight weeks of neither
aerobic nor resistance training, which can be
due to insufficient intensity [55].
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Our understanding is that this study is
the first the only approach to analyzing the
effects of BFR training on NRG-1 levels in
overweight postmenopausal women, so there is
undoubtedly a need for more research in this
field to shed light on the efficacy of blood flow
restriction training in this period of women's

life.

CONCLUSION

In conclusion, we have identified that
low-intensity BFR training and high-intensity
traditional resistance training are functioning
similarly on the levels of IL-6 and NRG-1 in
postmenopausal women and low-intensity
training with BFR is more effective than low-
intensity traditional training in this proposition.
Blood flow restriction by generating oxygen
deficiency and activating different cellular
pathways can be a beneficial training strategy to
decrease inflammatory cytokines such as IL-6
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and induce secretion and expression of
repairing factors like NRG-1 for women after
menopause.

Moreover, since high-intensity traditional
resistance training contains heavyweights that
can cause too much pressure on joints, it may be
advantageous for post-menopausal women to
apply BFR training which has been shown to
bear similar effects as high-intensity training.
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ANAXKOIIHXH

H eridpaon tyg aoknyong BFR ota eningda Tov TV KOTOKIV OV
NRG-1 ka1 IL-6 o& vrépfapeg pETEPPUNVOTAVOIAKES YOV AIKEG
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Stavropoulos3

Faculty of Sport Sciences, Ferdowsi University of Mashhad, Mashhad, Iran, 2Ege University, Faculty of Sports
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ITEPIAHYH

Ewoayayn: H eppnvonavor) etvat pia adtoonpeintn nepiodog ot {@1] T@V YOVAIK®V IIOL OLVOdeLETAL ATIO
OPLOPEVEG OMHATIKEG KAl YOXONOYIKEG ANNAYEG Ol OTIOLEG PE TN OelPd TOVG 00N YOLV Ot Tabroelg ONIMG 1
nayvoapkia, To vrepPoAko Papog, Ta kapdiayyelakd Kat aAeg pAeypovmdelg acbéveteg.

2Komog: AOYym TG ONpaociag g DYELOVOHIKIG Hepibalyng oe avTty Vv neplodo KAt TG AMOTEAEOPATIKOTITAG
NG AOKNONG OTO VA ApPADVEL TA £V AOY® COPITTOHATA, OKOIIOG HAG I)TAV VA OLYKPLVOLHE TA AaItoteAéopata
eVOg avadLOPEVOL epyaleiov aoKnong 0oL MePLoPileTal 1 POr) TOL AlpaTog OTA AKPA XPOIHOIOI®VTAG OO
KUTOKiveg mov oxetiCovrat pe ) dnpoota vyeia, v IL- 6 (IvtepAevkivn-6) kat NRG-1 (Neuregulin-1) pe exeiva
10V IIPOKDLIITOVY HeE TV HAPAdOCLAKI| AOKIOT), O DIIEPPAPES PETAEPHIVOIIADOLAKESG YOVALKEG.

YA wa-Mebooot: 30 vriepPapeg petasppnvoravolaxég yovaikeg yopiotnxkav toxata oe opadeg BFR (Blood Flow
Restriction), HI (High Intensity), LI (Low Intensity) (n=10) xat mpaypatomnoinoav oxte efdopdadeg
TALTOXPOVIG AOKNONG TPELG NHEPES TV eBdopada. AVO AoKI)oelg OTO KAT® KAt DO OTO IMAV® HEPOG TOV
owpatog pe goption 20% 1RM (20% tng péyrotng piag enavalnyng) yia opadeg BER kat LI xat oe @option 80%
1RM (80% tng péyiotng enavainyng) yia opada HI, emumméov tov 20 Aenmtov agpoPixi)g aoxnong oto téhog. Ta
ermnieda IL-6 kat NRG-1 petprifnkav mptv kat petd tig oKte eB00opddeg mpoIovjoemv.

Atniotehéopata: Atagopég petady tov opddev ota emneda IL-6 napatnprifnkav otig opadeg BFR xat HI
(p=0,001 xat otig 6Vo opadeg) arld oxt oty opdda LI (p=0,29). Ot dragpopég petadp tav opadwv rjtav
onpavtikég petasd BER kat LI (p=0,00) xat HI xat LI (p=0,007) aAAa oxt petadd BFR xat HI (p=0,11). ['ia ta
emineda NRG-1, napartnprifnkav dtagopég oty opada xat otig 1petg opadeg (p=0,001), (p=0,003), (p=0,007)
KAt ot Ota@opég petadd tov opddnv yia ta enineda NRG-1 ntav onpavtikeg petasop BFR kat LI (p= 0,001) xat
HI xat LI (p=0,038) al\a oyt petagov BFR xat HI (p=0,065).

Zopnepaopa: H aoxnon xapnAng évtaong BFR kat i vynAr)g évtaong, napadootakr) IIponovnor advIloTaoe®dV
Aettovpyovv napopoia ota ernineda IL-6 xkat NRG-1 og petagppnvonavotaxég yovaikeg Kat 1) IPOIIOVIor)
XapnAng évraong pe BER etvat mo amoteheopatiki) anod v napadootakr) IPOIIOVNor XAapnALg £VIaong oe
AotV TV IpOTaol).
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