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Effect of whole body vibration versus high intensity 
interval training on interleukin­6 in obese post­
menopausal women

Abstract

Background. Menopause and aging affect the health of obese women, provoking accumulation of visceral adipose tissue (VAT) and 

in_lammation. Obesity leads to major health problems, which increase the risk of debilitating diseases that lead to death. Thus, loss of 

weight and VAT are primary goals of treatment through modi_ications of dietary habits and exercise. Purpose of the study. This study 

was conducted to determine which is more effective on interleukin‑ 6 (IL‑6) levels for obese post‑menopausal women, whole body 

vibration training (WBVT) or high intensity interval training (HIIT). Subjects and methods. 45 post‑menopausal obese women 

diagnosed with higher level of IL‑6, their body mass index (BMI) > 30 kg/m2 and waist/hip ratio (W/H ratio) > 0.8 participated at this 

study. Women were divided randomly into 3 equal groups in numbers; Group (A) followed low caloric diet (1200 Cal), Group (B) 

received WBVT and Group (C) received HIIT. Both groups (B & C) followed the same low caloric diet as group (A). Evaluation was done 

before and after 3 months of treatment, through measuring weight, BMI, waist as well as hip circumferences, W/H ratio and IL‑6 levels. 

Results. The three groups revealed statistically signi_icant improvements (P < 0.05) in all parameters after treatment compared to 

baseline. Also, there were statistically differences between the 3 groups after treatment, with the group (B) more favorable than groups 

(A & C). Conclusion. WBVT is more effective than HIIT on reducing in_lammation via reducing IL‑6 level in obese post‑menopausal 

women. 
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Streszczenie

Informacje wprowadzające. Menopauza i starzenie się wpływają na zdrowie otyłych kobiet, prowokując kumulację trzewnej tkanki 

tłuszczowej i stany zapalne. Otyłość prowadzi do poważnych problemów zdrowotnych, które zwiększają ryzyko wyniszczających chorób 

prowadzących do śmierci. Zatem utrata wagi i trzewnej tkanki tłuszczowej są głównymi celami leczenia poprzez mody_ikację nawyków 

żywieniowych i ćwiczeń. Cel badania. Badanie przeprowadzono w celu określenia, która metoda jest bardziej skuteczna w zakresie 

wpływu na poziom interleukiny‑6 (IL‑6) u otyłych kobiet po menopauzie: trening wibracyjny całego ciała (WBVT) lub trening 

interwałowy o wysokiej intensywności (HIIT). Materiał i metody. W badaniu wzięło udział 45 otyłych kobiet po menopauzie, u których 

stwierdzono wyższy poziom IL‑6, wskaźnik masy ciała (BMI) > 30 kg/m2 oraz wskaźnik talia/biodra (W/H) > 0,8. Kobiety zostały 

losowo podzielone na 3 równe grupy; Grupa (A) stosowała dietę niskokaloryczną (1200 kcal), grupa (B) była poddawana WBVT, a grupa 

(C) była poddawana HIIT. Grupy (B i C) stosowały tę samą niskokaloryczną dietę co grupa (A). Oceny dokonano przed i po 3 miesiącach 

leczenia poprzez pomiar masy ciała, BMI, obwodu talii i bioder, wskaźnika W/H oraz poziomu IL‑6. Wyniki. We wszystkich trzech 

grupach wykazano statystycznie istotną poprawę (p < 0,05) we wszystkich parametrach po leczeniu w porównaniu z wartościami 

wyjściowymi. Wystąpiły również statystycznie istotne różnice między 3 grupami po leczeniu, przy czym grupa (B) uzyskała bardziej 

korzystne wyniki niż grupy (A i C). Wniosek. WBVT jest skuteczniejszą metodą niż HIIT w zmniejszaniu stanu zapalnego poprzez 

zmniejszenie poziomu IL‑6 u otyłych kobiet po menopauzie.
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Introduction
Menopause refers to permanent stoppage of menstrual cycle, 
leading to termination of ovarian follicles development [1]. It 
develops at the age of 49–52 years [2], as a result of reduced 
estrogen production by the ovaries during the peri­menopause 
to reach very small quantities in post­menopausal women, its 
receptors are found in a lot of tissues, including vascular en‐
dothelial cells, smooth muscles, cardiac tissue, bladder, ureth‐
ra, ovaries and bones, thus it may impact all of these tissues 
[3, 4]. Also, it may maintain the immune function, which may 
be affected at menopause in women [5].
Post­menopausal women are usually concerned with weight 
gaining and increasing waist circumference (WC) caused by 
obesity. In obese persons, occurrence of hyper­triglyceridemia 
in addition to insulin resistance leads to diminished fasting 
glucose, increased levels of blood sugar, accumulation of vi‐
sceral adipose tissue (VAT) and inflammation [6].
Cascades of inflammation are triggered by proximal media‐
tors like interleukin­6 (IL­6), a cytokine released in different 
tissues that has pro­inflammatory consequences involving 
production of positive acute phase proteins via hepatic stimu‐
lation following infection or tissue injury [7]. It is produced 
from muscle, which is elevated during muscle contraction [8] 
by a lot of cell of various types, such as cells involved in im‐
munity as well as adipose tissue that makes responses to in‐
flammation [9]. Its receptor is notified at many brain sites, 
like the hypothalamus, where energy intake and appetite are 
controlled, also, it maintains energy homeostasis through in‐
hibiting activity of lipoprotein lipase [10]. 
Behavioral treatments, such as weight loss and exercise de‐
crease inflammatory markers [11]. Loss of weight in combi‐
nation with high physical activity produce reduction in levels 
of IL­6 and C­reactive protein (CRP) in pre­menopausal wo‐
men suffering from obesity [12].Engaging in hypo­caloric hi‐
gher­protein/lower­carbohydrate diets improve body 
composition in obese women after menopause [13]. Some 
studies revealed an improvement in body composition in re‐
sponse to exercise practicing [14] and lower­carbohydrate, hi‐
gher protein diets [15].
Whole Body Vibration Training (WBVT) has developed as an 
alternative method for strengthening exercises. It can be used 
as a resistance exercise since it improves skeletal muscles for‐
ce and power and treat obesity. In fact, it improves composi‐
tion of the body and muscular strength [16]. It can produce 
a slight but significant reduction in body weight and WC, be‐
cause WC reduction can be a good indicator of better health 
in patients with central obesity [17]. 
High­intensity interval training (HIIT) represents an exercise 
type that involves an alternation between short repetitive bo‐
uts of vigorous exercising and intervals of passive or active 
recovery. It has been shown to produce improvements in se‐
veral clinical outcomes [18]. It can induce higher alterations 
in weight of the body and its composition with very shorter ti‐
me commitment (e.g., 10­15 minutes of HIIT, 5 days weekly 
versus 30 minutes of traditional exercises, 5 days weekly). 
Since it may produce health advantages in a shorter period of 
time, it may be beneficial for post­menopausal women suffe‐
ring from obesity [19].

To our knowledge, no study has compared the impact of 
WBVT versus HIIT on interleukin­6 (IL­6) in obese women 
after menopause. Therefore, this study aimed to compare the 
effect of WBVT versus HIIT on IL­6in obese post­menopausal 
women.

Subject, materials and methods
Study Design
This study was designed as a randomized, single­blind, pre–
post­test, controlled trial. Ethical approval was taken from the 
institutional review board at Faculty of Physical Therapy, Ca‐
iro University before beginning of the study [No: PT.REC/
012/003216]. The study was conducted between August 2019 
till October 2020.

Subjects 
Forty­five obese post­menopausal women, diagnosed with 
high level of IL­6, participated in this study. They were recru‐
ited from the Gynecology Outpatient Clinic, Kasr Al Ainy Ho‐
spital, Cairo University, Egypt. Their age ranged from 45 to 55 
years, BMI was > 30 kg/m2, and waist/hip ratio (W/H ratio) 
was > 0.8. All women who had any medical disorders such as 
thyroid disease, diabetes, hypertension, lower limbs and back 
disorders, neoplasm and hemorrhagic diseases or those who 
were under anti­inflammatory drugs, hormonal replacement 
therapy or engaged in another method of training programs 
were excluded from this study.

Randomization
Each participant provided informed consent after being infor‐
med about the study’s nature, purpose and advantages, as well 
as their ability to decline or withdraw anytime and the confi‐
dentiality of any data collected. All data coding ensured ano‐
nymity. A computer­based randomization program was used 
for randomizing the participants into three equal groups (A, B 
& C). After randomization, no dropping out of participants 
from the study, Figure 1.

Interventions
Group (A) included 15participants who followed restricted diet 
protocol (1200 Cal) for 12 weeks, group (B) included 15 parti‐
cipants who participated in WBVT program for 12 weeks, and 
group (C) included 15 participants who participated in HIIT 
program for 12 weeks. Both groups (B & C) followed the same 
diet as group (A) and performed the training program 3 times 
per week.

Low caloric diet 
All participants in the three groups (A, B & C) were advised to 
follow the same hypo caloric diet of 1200 Cal/day for 12 we‐
eks that included 15% carbohydrate, 55% protein, 30% fat 
[20].

Whole body vibration training (WBVT)
All participants in group (B) received vibration training in the 
form of whole body vibration, 3 sessions per week, for 12 we‐
eks. They were informed and instructed about the benefits of 
exercise to gain their confidence and cooperation. They were 
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advised to evacuate their bladders before starting the treat‐
ment session to be more relaxed. Each participant warmed 
up and cooled down for 5 minutes on a treadmill (model 
04055191, Taiwan) with speed adjusted at 2 Km/h. The pha‐
se of vibration training was performed on a whole body vi‐
bration platform (model GB9201, China), which had the 
following characteristics: Rate Voltage: 220V, Rated Frequ‐
ency: 60 Hz, and Power: 300W. The WBVT was done using 
a single vibration with 30 Hz prevailing and began with 2 
sets for 10 minutes at the 1st 3 weeks, then 4 sets for 15 mi‐
nutes at the 2nd 3 weeks, then 6 sets for 20 minutes at the 
3rd 3 weeks and ended with 8 sets of 30 minutes at the last 3 
weeks of training. The rest period was 5 minutes after each 
set of training, for a total of 40 minutes of exercise per ses‐
sion [21].

High intensity interval training (HIIT)
All participants in group (C) received HIIT program, 3 ses‐

sions per week, for 12 weeks. They received information and 
instructions about the values of exercise to obtain their confi‐
dence and cooperation. They were instructed to evacuate their 
bladders before beginning the treatment session for more rela‐
xation. Each participant performed warming up and cooling 
down for 5 minutes on a treadmill (model 04055191, Taiwan) 
with speed adjusted at 2 km/h. The HIIT program was perfor‐
med using the same treadmill machine, which had the follo‐
wing characteristics: speed range: 0­12 KM/H, elevation range: 
0–15, and power: 2 horse power. The HIIT program consisted 
of 4 minutes intervals at 85% of target heart rate (HR) with 
a speed adjusted at 5 Km/h, then, 3 minutes active recovery 
period at 50% of target HR between intervals and a speed of 3 
Km/h, for a total of 38 minutes of exercise per session, inclu‐
ding warm­up and cool­down [22]. The target HR was calcula‐
ted according to the following equation: Target HR = [(max 
HR − resting HR) × %Intensity] + resting HR. To calculate the 
maximum HR, the age was subtracted from 220 [23].

Figure 1. Flow chart of the study
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Table 1. Baseline characteristics of participants in both groups

Group (A)
 mean ± SD

Group (B) 
mean ± SD

Group (C)
mean ± SD

Pre treatment

Post treatment

MD (95% CI)

Table 2. Mean weight, BMI, WC, HC, W/H ratio and IL­6 pre and post treatment of the three groups

90.8 ± 6.64

86.73 ± 6.65

4.07 (2.36–5.76)

p = 0.001

91 ± 7.6

75.8 ± 4.93

15.2 (13.49–16.9)

p = 0.001

90.26 ± 5.11

81.33 ± 3.97

8.93 (7.23–10.63)

p = 0.001

0.09

0.001

0.09

0.02

0.09

0.02Weight [kg]

Outcome measures
Anthropometric measures
Anthropometric measures were measured for the three groups 
before and after 12 weeks of treatment. The body weight and 
height were measured for each participant using calibrated 
standard weight – height scale; each participant stood two ti‐
mes wearing light clothes and bare feet and the average of the 
weight and height were taken. Then, BMI was calculated ac‐
cording to the formula: BMI = Weight (Kg)/Height (m)2. The 
circumferences of the waist and hips were measured with 
a tape measure. At the end of gentle expiration, WC was me‐
asured at the midpoint between the margin of the lowest rib 
and the iliac crest, while the hip circumference (HC) was me‐
asured at the level of greater trochanter. Then, WC was divi‐
ded by HC to calculate the W/H ratio [24].

Assessment of interleukin­ 6 (IL­6) levels
A sample of (1.5 ml) blood was drawn from each participant 
in the three groups before and after 12 weeks of treatment, 
and was put in lavender (EDTA) top tube, then was centrifu‐
ged at 1500 for 10 minutes, plasma aliquot was removed and 
E411 machine was used for analysis to measure the IL­6.

Variables Group A
Mean ± SD

Group B
Mean ± SD

Group C
Mean ± SD

p­value

Age [years]

Weight [kg]

Height [cm]

BMI [kg/m²]

48.26 ± 2.68

90.8 ± 6.64

158.73 ± 4.23

36.01 ± 1.87

47.6 ± 2

91 ± 7.6

159.46 ± 5.51

35.74 ± 1.68

48.4 ± 2.32

90.26 ± 5.11

159.26 ± 2.98

35.6 ± 2.05

0.61

0.95

0.89

0.82

SD, standard deviation; p­value, level of significance

Effect of treatment on Weight, BMI, WC, HC, W/H ratio and IL­6
A significant interaction of treatment and time was discovered 
using mixed MANOVA (F = 18.7, p = 0.001). The main effect 
of time was significant (F = 387.26, p < 0.001). The main ef‐
fect of treatment was significant (F = 4.75, p = 0.001).

Within group comparison 
Within­group comparison revealed a significant improvement 
in the three groups. There was a significant lowering in we‐
ight, BMI, WC, HC and IL6 (p < 0.001) and significant incre‐
ase in W/H ratio (p < 0.05) within the three groups after 
treatment compared to before treatment (Table 2).

Between group comparison 
Between group comparisons demonstrated non­significant dif‐
ferences in all variables (p > 0.05) before treatment. Compari‐
son between groups after treatment demonstrated significant 
decreases in weight, BMI, WC, HC and IL­6 and a significant 
increase in W/H ratio of group (B) compared to group (A) (p < 
0.001) and group (C) (p < 0.05). It was a significant decrease 
in weight, BMI, WC, HC and IL­6 and a significant increase in 
W/H ratio of group (C) compared to group (A) after treatment 
(p < 0.05) (Table 2).

Statistical analysis
The statistical package for social studies (SPSS) version 
25 for Windows was used to conduct the analysis (IBM 
SPSS, Chicago, IL, USA).For the comparison of subject 
characteristics between groups, descriptive statistics and 
the ANOVA test were used. To ensure that all variables 
had a normal distribution, the Shapiro­Wilk test was used. 
For testing homogeneity between groups, Levene's test 
was used. To assess the effects of time (before versus post) 
and treatment (between groups), as well as the interaction 
between time and treatment on mean values of weight, 
BMI, WC,HC,W/H ratio and IL­6, mixed ANOVA (MA‐
NOVA) was used. Post­hoc tests using the Bonferroni cor‐
rection were conducted for subsequent multiple 
comparison. For all statistical tests, the significance level 
was set at p < 0.05.

Results
Baseline characteristics
The baseline characteristics of the three groups (A, B& C) 
were similar with regards to age, weight, height and BMI (p > 
0.05) (Table 1).

(A) vs (B) (A) vs (C) (B) vs (C)
p­value

Variables
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Menopause is commonly an origin of several concerns within 
women. The fear of weight gain is the main one. Obesity and 
metabolic syndrome are three times more common in women 
throughout this stage of their lives than pre­menopause 
[25].The current study was conducted to determine the effect of 
WBVT versus HIIT on IL­6 in obese post­menopausal women.
Results revealed that in group (A) which received the diet re‐
gime, there was a significant decrease in the BMI, W/H ratio, 
and IL­6. These findings were in agreement with Tray hurn 
and Wood [26] who found a significantly reduced CRP levels 
in obese women who followed a program of weight loss utili‐
zing a low caloric, low fat dietary regime (1,360 kcal/d, 15% 
fat) for 3 months, also they found that weight reduction by 
4% was accompanied by CRP reduction by 45%. In addition, 
these researchers proposed that IL­6 secreted by adipose tis‐
sues may mediate the elevated CRP seen in obese people, as 
there is an extensive evidence about the definition of obesity 
as a chronic state of inflammation, as reflected by highly pro‐
duction of several adipokines related to inflammation, such as 
leptin, IL­6 and tumor necrosis factor alpha (TNFα). If such 
mechanism is implicated in regulating production of CRP, a 

decrease in levels of IL­6 should correspond to a decrease in 
levels of CRP in obese persons who lose weight. Clifton [27] 
who has reported that weight loss, whatever the type of diet, 
has an anti­inflammatory effect, as well as lowering effects on 
levels of IL­6 and CRP. Heilbronn et al., [28] who reported 
that loss of weight through a hypo­caloric dietary regime pro‐
duces reductions inIL­6, TNF and CRP levels in women suffe‐
ring from obesity.
In group (B), which received diet regime and WBVT, there is a 
significant decrease in the BMI, W/H ratio, andIL­6.These fin‐
dings agreed with Vissers et al., [29] who reported that diet 
plus WBVT displayed a significant decrease in weight. Fur‐
thermore, visceral adipose tissue changed more in this group 
who followed diet plus WBVT compared to the control group 
(A& C) that could be explained by the effect WBVT which is a 
short cycles that frequently considered a form of strength tra‐
ining because vibrations stimulate muscle spindle afferents 
[30]. Additionally, Rehn et al., [31] revealed that WBVT had a 
higher possibility of improving muscular performance to the 
same if not larger than traditional training approaches in seden‐
tary and old aged persons.

Group (A)
 mean ± SD

Group (B) 
mean ± SD

Group (C)
mean ± SD

Pre treatment

Post treatment

MD (95% CI)

Pre treatment

Post treatment

MD (95% CI)

Pre treatment

Post treatment

MD (95% CI)

Pre treatment

Post treatment

MD (95% CI)

Pre treatment

Post treatment

MD (95% CI)

36.01 ± 1.87

34.4 ± 1.98

1.61(1–2.21)

p = 0.001

100.6 ± 5.64

95.46 ± 5.61

5.14 (4–6.26)

p = 0.001

113.6 ± 5.44

104.86 ± 5.75

8.74 (6.17–11.3)

p = 0.001

0.88 ± 0.05

0.91 ± 0.04

−0.03 (−0.04– −0.002)

p = 0.03

14.34 ± 2.9

11.19 ± 1.83

3.15 (2.28–4.02)

p = 0.001

35.74 ± 1.68

29.81 ± 1.43

5.93 (5.32–6.53)

p = 0.001

100.06 ± 5.48

85.26 ± 4.8

14.8 (13.67–15.93)

p = 0.001

112.4 ± 3.73

87.2 ± 4.6

25.2 (22.64–22.75)

p = 0.001

0.89 ± 0.05

0.97 ± 0.02

−0.08 (−0.11– −0.06)

p = 0.001

15.4 ± 2.17

7.03 ± 2.13

8.37 (7.5–9.24)

p = 0.001

35.6 ± 2.05

32.08 ± 1.76

3.52 (2.91–4.12)

p = 0.001

99.93 ± 3.77

90.6 ± 4.03

9.33 (8.2–10.46)

p = 0.001

111.13 ± 4.3

96.2 ± 3.19

14.93 (12.37–17.5)

p = 0.001

0.9 ± 0.05

0.94 ± 0.03

−0.04 (−0.06– −0.01)

p = 0.001

15.64 ± 2.75

8.94 ± 1.62

6.7 (5.82–7.57)

p = 0.001

0.09

0.001

0.09

0.001

0.09

0.001

0.09

0.001

0.09

0.001

0.09

0.002

0.09

0.02

0.43

0.001

0.09

0.03

0.09

0.006

0.09

0.003

0.09

0.01

0.09

0.001

0.09

0.01

0.09

0.02

BMI [kg/m²]

WC [cm]

HC [cm]

W/H ratio

IL­6 [pg/ml]

(A) vs (B) (A) vs (C) (B) vs (C)
p­value

Variables

SD, standard deviation; p­value, level of significance
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In group (C), which received diet regime and HIIT, there was 
a significant decrease in the BMI, W/H ratio, and IL­6 more 
than in group (A&B) in obese post­menopausal women after 
12 weeks of the treatment. These results were in agreement 
with Weston et al. [32], who have found that exercise, parti‐
cularly HIIT, has been proven to produce anti­inflammatory 
markers as well as improve blood lipid profile, metabolic cha‐
racteristics, composition of the body and quality of life.
Concerning the comparison between groups post­treatment, 
the results of this study showed greater weight loss and im‐
provement in the levels of IL­6 in obese post­menopausal wo‐
men who received combined diet and WBVT in comparison 
to diet alone or combined diet and HIIT.
The impact of WBVT versus HIIT on IL­6 in obese post­me‐
nopausal women was not tested in the review of literature. 
Accordingly, the current study is thought to be the first of its 
type in this field. As a result, the findings of this study cannot 
be compared to those of other studies, although they demon‐
strated that WBVT had significantly superior effect on IL­6 
levels than HIIT in obese post­menopausal women.

The current study has some limitations that include its small 
sample size and the lack of measuring other inflammatory 
markers like TNFα and CRP. Therefore, larger­sample studies 
investigating additional inflammatory markers are required in 
the future. Moreover, as the current study is limited to postme‐
nopausal women, its findings cannot be extended to other po‐
pulations.

Conclusion
It can be concluded that WBVT produces greater weight loss 
and improvement in the levels of IL­6 in obese post­menopau‐
sal women than diet alone or combined diet and HIIT.


