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Introduction: Non-alcoholic fatty liver disease (NAFLD) is one of the fastest-growing
health issues worldwide. This study aimed to assess the effect of an eight-week Pilates
Article info: exercise program and jujube supplementation on liver fat content, liver enzymes, and
Received: 27 Nov 2021 platelet count in women with NAFLD.
Accepted: 07 Dec 2022

Published: 08 May 2022 Materials and Methods: The current work is a pretest-posttest quasi-experimental

study with a control group. Forty middle-aged women with NAFLD were selected via
purposive sampling and allocated randomly to four equal groups, including jujube,

wos Of 4 Pilates, Pilates+jujube, and control. Liver enzymes measurement, platelet count, and
5” ) ultrasonography were conducted to determine the fatty liver degree 24 hours before and
[ *'A’ 8 48 hours after the intervention. The Pilates protocol was performed three sessions
°°.,_.,m.¢ weekly for eight weeks. The jujube supplementation group and the Pilates+jujube group

consumed .4 g/kg jujube daily in the morning and evening. The collected data were
analyzed in SPSS software, using the Kolmogorov-Smirnov, ANOVA, and dependent
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Results: AST, platelet count, waist-to-hip ratio, and fat levels in the Pilates, jujube, and
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Conclusion: Pilates exercise and jujube consumption can lower serum enzyme
concentrations along with fat content of the liver and raise blood platelet count. As a

E-mail: raesi.brg81@gmail.com result, they may be regarded as efficient techniques to treat NAFLD.
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1. Introduction to a variety of disorders [2] Because of the rising

incidence of obesity, NAFLD is now the most

on-alcoholic  fatty liver disease common chronic liver disease worldwide [3-6]. The

(NAFLD) has attracted considerable disease is characterized by an abnormal triacylglycerol

attention in recent years due to its high accumulation, inflammation, and liver damage [7], as

prevalence [1] The liver is the primary well as an increase in liver enzymes, including alanine

organ responsible for metabolism, detoxification, and aminotransferase (ALT), aspartate aminotransferase
secretory activities in the body, making it susceptible (AST), and alkaline phosphatase (ALP) [8]. It is a
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growing public health concern globally [9], affecting
roughly 25-35% of people in Western countries and 19-
32% in Asian societies [10].

NAFLD is a broad term encompassing a variety of
chronic liver disorders, ranging from mild
osteoporosis to cirrhosis and hepatocellular
carcinoma [11]. It is significantly associated with
other conditions such as cardiovascular diseases,
type 2 diabetes, and metabolic syndrome. Indeed,
NAFLD and its associated complications are linked
with substantial health care expenses, owing to a
lack of precise and effective therapies.

Notably, the pathogenesis of NAFLD and its
determinants are not yet fully understood. However,
studies suggest that sedentary lifestyles, obesity, and
insulin resistance are the primary risk factors for
NAFLD [12]. Few medicinal therapies have been
proposed for fatty liver, including insulin-increasing
pharmaceuticals, lipid-lowering  drugs, and
antioxidants. Yet, their prolonged use cannot be
recommended given their high costs and adverse effects
[13]. Instead, a lifestyle with diet modification and
exercise is the most important recommendation for
NAFLD patients. In practice, exercise is one of the
substantial components of NAFLD treatment [12], as
emphasized by the American Digestive Association
[14]. Studies indicate that physical activity, especially
when accompanied by weight loss, will enhance liver
function and resistance to insulin [15]. Industrial drugs
should be used as a last resort in treating NAFLD due
to their side effects on other body organs. Therefore,
lifestyle modification with diet, exercise, and herbal
medicines should be the cornerstone of NAFLD
management [3].

One of the training methods that has been considered
recently is Pilates exercise. Pilates workout is a
comprehensive  hybrid set of stretching and
strengthening movements [16]. It builds on mental
concentration and breathing rhythm to strengthen deep
muscles with the least possible damage [17]. Unlike
traditional resistance exercises where muscles are
trained individually, Pilates adopts a holistic approach
to activating and coordinating several muscle groups at
the same time [18, 19]. Despite some contradictory
research findings [20], the majority of studies
conducted in recent years reveal the crucial impact of
Pilates exercises in enhancing physical health [21],
body compaosition, resistance to insulin, and metabolic
disorders [16].

Additionally, jujube is among the best-known
medicinal plants in treating liver disorders [3]. The
plant’s fruits, seeds, and leaves are used as medicine,
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flavor, and food [22]. The herb is used in traditional
medicine to treat several diseases such as gastrointestinal
disorders, weakness, liver disorders, obesity, kidney
problems, diabetes, fever, anemia, and insomnia [23,
24]. Chinese traditional medicine uses jujube to treat
tumors and cardiovascular conditions associated with
reactive oxygen species (ROS) caused by oxidative
stress [24]. Jujube is known to have analgesic properties.
It contains high levels of compounds with antioxidant
properties such as polyphenols, tannins, and flavonoids
[25]. A number of studies have shown that polyphenols
and flavonoids isolated from the plant have anemic,
hypolipidemic, and antioxidant effects [22]. Research
has also reported that jujube extract induces the
expression and production of erythropoietin by
activating the hypoxia-1 induction factor and other
signaling factors that enhance the hematopoietic process
[22]. Jujube fruit extract is demonstrated to improve the
activity of antioxidant enzymes in the liver [26]. Hence,
the reduction of fat peroxidation in liver cells is
presumably due to antioxidant compounds in the jujube
extract [23]. Given its anti-fibrotic, anti-apoptotic, and
anti-inflammatory effects, jujube is recommended as a
complementary food to treat NAFLD and reduce side
effects in patients [2].

Liver enzyme concentrations and platelet count are
two diagnostic measures used to determine liver
damage. Liver enzymes increase in cases of a liver
lesion, and platelet count decreases [24]. Besides,
blood platelets have a pivotal role in inflammation,
coagulation, and wound healing [27]. Platelet
measurement seems to be a beneficial approach for
evaluating the liver fibrosis severity in NAFLD
patients [28]. Peripheral platelet count may reflect the
severity of liver damage [29]. In fact, the advancement
of liver fibrosis is linked to a decrease in
thrombopoietin production by liver cells, whereby
platelet generation is reduced [30]. Studies have
shown that NAFLD samples have lower platelet
counts and higher mean volumes [31].

The literature exhibits very few studies on the impact
of Pilates and jujube supplementation on liver enzymes,
liver fat content, and platelet count. Only Hagner et al.
(2015) have examined the effect of Pilates exercises on
the enzymes ALT and AST in postmenopausal and
obese women. They reported that despite a significant
decline in body weight and body mass index, the ALT
and AST enzymes did not show a significant difference
after 10 weeks of Pilates exercises [15]. There is little
information about the efficacy of Pilates exercises and
jujube extract supplementation on NAFLD despite the
increasing prevalence of the disease. Hence, with the
widespread acceptance of Pilates training and traditional
medicine, this study aimed to determine the effect of an
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eight-week Pilates workout program and jujube
supplementation on the fat content of the liver, liver
enzymes, and platelet count in women with NAFLD in
Khaf city.

2. Materials and Methods

The current research is a pretest-posttest quasi-
experimental study with a control group. The
population included middle-aged women (31-49 years
old) with NAFLD residing in Khaf. They were invited
to participate through advertisements placed in
medical and administrative centers.

Inclusion criteria consisted of middle-aged women aged
between 31 and 49 with body mass index < 30 kg and
first or higher degrees of fatty liver who consented to
participate. Exclusion criteria comprised the presence of
other diseases, alcohol or tobacco use, specific
diet/medication, dietary supplements, and regular
physical activity six months before the study [32].

The sample size was determined using the formula
related to unknown population sizes and based on
previous studies by considering a confidence level of
95% and an error margin of +5%. Thus, 40 eligible
volunteers were selected via a lottery method [32, 33]
and allocated to study groups using a simple random
allocation method. The lottery approach considers the
pool of participants as a large block to secure a
balanced assignment of participants to each study
group. Numbers 1 to 40 were written on cards that
were placed in similar envelopes and subsequently in
a lottery box. Each participant picked a random card.
The first 10 cards were assigned to group A (Pilates),
the next 10 ones to group B (Pilates + Jujube), the next
10 ones to group C (jujube only), and the last 10 ones
to group D (control group). Candidates were
numbered in the order of their referral date and
assigned to the groups accordingly.

To perform the study, we first obtained permission
from the ethics committee and a letter of introduction
from the vice-chancellery of education of Mashhad
University of Medical Sciences. We presented them to
the officials of the 22nd Bahman Hospital of Khaf and
explained the study objectives and procedure to the
target group. The participants were informed of any
possible consequences of the study protocols and that
they could withdraw from the project at any time.
Subsequently, they signed written consent forms and
completed a health-assessment questionnaire, which
examined the history of drug use, alcohol use, and
smoking. The participants’ diet was also controlled using
a 24-hour food recall questionnaire. Participants were
requested not to alter their eating habits during the study
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course and that they would be excluded from the study if
their diets were altered. All participants underwent
ultrasonography 24 hours before and 72 hours after the
intervention to assess their fatty liver. Moreover, liver
function tests including ALT, AST, ALP, and blood cell
count were performed to determine platelet level [2].

Specifications of data collection tools

Pilates exercise protocol: It included 60 minutes of
physical activity, comprising 10 minutes of warm-up,
40 minutes of Pilates exercise, and 10 minutes of cool-
down. The protocol was performed three sessions a
week for eight weeks. Pilates exercises started from
lower levels and gradually developed to include
advanced stretching movements, muscular endurance,
balance, flexibility, and neuromuscular coordination.
The movements were performed by focusing on the
large muscles of the upper and lower limbs in standing,
sitting, and supine positions without any specialized
equipment. In line with the overload principle, the
speed and repetition of movements in every session
increased compared to the preceding session. The
protocol started with 10 repetitions in the first week and
gradually increased to 20-25 repetitions in the eighth
week. Besides, the maximum heart rate formula
(maximum heart rate = 220 — age) and heart rate
monitor were used to control the training intensity. The
exercises began in the first week with an intensity of
50-55% of maximum heart rate and peaked at 75-80%
in the eighth week (nearly 5% enhancement in exercise
severity per week). It should be noted that the control
and jujube extract groups did not attend any exercise
program or sports during these eight weeks [33].

Jujube supplementation protocol: The jujube
supplementation and Pilates+jujube groups were advised
to ingest .4 grams of jujube fruit per kilogram of body
weight daily twice daily [24].

Anthropometric evaluation and body composition: A
week before the treatment was initiated, a training class
was held for the participants to get acquainted with the
tools and procedures of the study. Certain
anthropometric and body composition variables were
measured 24 hours prior and 48 hours after the Pilates
exercise protocol. Participants’ height was determined
via a Seca stadiometer with an accuracy of 0.01 cm.
Waist and hip circumference were also measured using
a tape measure, and the waist-to-hip ratio (WHR) was
calculated accordingly. Weight and body fat percent
were also assessed via the bioelectrical impedance
analysis using a physical composition analyzer as per
the manufacturer’s instructions.

Evaluation of liver fat content, liver enzymes, and
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platelet count: Fat content, serum levels of liver
enzymes, and platelet counts were also measured for all
participants 24 hours before and 72 hours after the last
Pilates exercise session [2]. After six hours of fasting or
longer, a specialist performed ultrasonography in the
22nd Bahman Hospital of Khaf to assess liver fat
content. The serum levels of liver enzymes platelets
counts were measured after 8-12 hours of fasting in the
laboratory of 22nd Bahman Hospital.

Ethical considerations

Before the study commenced, the necessary
permissions were obtained from the Iranian Registry of
Clinical Trials (Identifier; IRCT20210413050954N1)
and the Ethics Committee of Mashhad University of
Medical Sciences (Ethics Code: IR.MUMS.REC.
1400.078). The collected information remained
confidential and was used only for research purposes.
Forms of informed moral consent were given to the
participants. Individuals who did not wish to continue
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participating in the study were free to leave the study.
Statistical analyses

The results are presented using descriptive and
inferential statistics. First, the data distribution was
examined using the Kolmogorov-Smirnov test. The
one-way ANOVA test was used at baseline to ensure a
lack of differences between the four groups. When
examining the hypotheses, the characteristics of the
participants and research data were summarized using
descriptive statistics. Subsequently, the hypotheses
were tested using appropriate statistical methods. The
dependent t-test was utilized to compare within-group
differences. Likewise, a one-way ANOVA test was
administered to investigate between-group differences
after treatment. Significance level was considered for
all statistical analyses at P <.05.

3. Results

The data obtained from the groups were summarized,
categorized, and presented in tables and diagrams.

Table 1. Anthropometric characteristics of the participants at baseline

Measured parameters Group Number

Pilates 10

Jujube 10

Age (Year) Pilates plus Jujube 10
Control 10

Pilates 10

. Jujube 10
Weight (kg) Pilates plus Jujube 10
Control 10

Pilates 10

. Jujube 10
Height (em) Pilates plus Jujube 10
Control 10

Table 2. Body composition values in study groups

Parameter Group Measurement time
. Baseline
Pilates Post-intervention
. Baseline
Jujube Post-intervention
Weight (kg) .
Pilates plus Jujube Baseline
P ) Post-intervention
Baseline
Control . .
ontro Post-intervention
Baseline
Pil. . .
tlates Post-intervention
. Baseline
WHR Jujube

Post-intervention

Baseline

Pilates plus Jujube

Post-intervention

Tables 1, 2, and 3 report anthropometric
Mean Standard deviation P F
38 6.3
41.6 6.05
388 553 0.572 0.676
40 6.16
85.6 7.07
91.9 7.15
888 14.38 0.228 1.513
93.8 5.82
158.8 2.48
161.1 4.17
160.5 467 0.579 0.665
160.1 3.41
Number Mean Standard deviation
10 85.60 7.07
10 80.5 6.34
10 91.9 7.15
10 89.7 6.88
10 88.8 14.38
10 81.30 13.54
10 93.8 5.82
10 94.1 6.46
10 0.97 0.03
10 0.91 0.03
10 0.94 0.05
10 0.92 0.06
10 0.94 0.03
10 0.85 0.04
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Baseline

Control Post-intervention

Table 3. Values of biochemical variables in study groups

Indicator Group Measurement time
. Baseline
Pilates Post-intervention
. Baseline
Jujube . .
Post-intervention
Platelets . .
Pilates plus Baseline
Jujube Post-intervention
Baseline
Control Post-intervention
Baseline
Pil . .
tlates Post-intervention
. Baseline
Jujube . ]
Post-intervention
ALT . .
Pilates plus Baseline
Jujube Post-intervention
Baseline
Control . e .
Post-intervention
Baseline
Pilat . .
rates Post-intervention
. Baseline
Jujube . .
Post-intervention
ALP . .
Pilates plus Baseline
Jujube Post-intervention
Baseline
1 . .
Contro Post-intervention
Baseline
Pilates . .
Post-intervention
. Baseline
Jujube . :
Post-intervention
AST . .
Pilates plus Baseline
Jujube Post-intervention
Baseline
Control . .
ontro Post-intervention
characteristics and  measurement  parameters,

including body composition and biochemical variables
at different measurement times.

Kolmogorov-Smirnov test was utilized to evaluate
the normal distribution of data. The findings
indicated a normal distribution of the data in all four
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10 0.98 0.02
10 0.98 0.02
Number Mean Standard deviation

10 207750.4 9199.5
10 215234.6 8288.32
10 217129.1 8067.29
10 219857.5 8210.09
10 215471.7 9989.4
10 231826.1 10643.07
10 213048.9 10335.06
10 213351.7 10357.42
10 56 15.31
10 47.63 15.44
10 61.80 17.88
10 57 17.56
10 64.40 17.84
10 49.50 16.82
10 65.63 17.07
10 65.62 16.40
10 165.4 14.26
10 159.20 13.96
10 160.40 9.44
10 156.90 8.72
10 162.30 12.21
10 144.50 9.76
10 169.51 12.93
10 169.90 12.56
10 47 10.95
10 42.10 11.38
10 49.70 14.06
10 46.50 14.08
10 46 9.27
10 38.10 8.97
10 48.79 11.73
10 48.96 11.51

groups (P> .05) (Tables 4 and 5).

Between-group differences at baseline: As seen in
Tables 6 and 7, no significant difference existed
between the two groups at baseline, with the Levin
test indicating equal variances.

Table 4. Results of Kolmogorov-Smirnov test for biochemical variables

Indicator
Group Pilates Jujube Pilates plus Jujube Control
N V4 P N z P N z P N z P
Platelets 10 0.212  0.200 10 0.204  0.200 10 0.251 0.075 10 0.199  0.200
ALT 10 0.152  0.200 10 0.132  0.200 10 0.144 0.200 10 0.130  0.200
ALP 10 0.147  0.200 10 0.145  0.200 10 0.186  0.200 10 0.115 0.200
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AST 10 0.136  0.200 10 0.189
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0.200 10 0.127  0.200 10 0.160 0.200

Table 5. Results of Kolmogorov-Smirnov test for anthropometric characteristics and body composition

Indicat Group

ndicator Height (cm) Weight (kg) Age (Year) WHR

N 10 10 10 10
Pilates Z 0.126 0.233 0.163 0.202
P 0.200 0.133 0.200 0.200

N 10 10 10 10
Jujube Z 0.225 0.257 0.154 0.175
P 0.164 0.059 0.200 0.200

: N 10 10 10 10
Pﬂﬁjejlfelus z 0.126 0.239 0.157 0.191
P 0.200 0.112 0.200 0.200

N 10 10 10 10
Control V4 0.131 0.218 0.164 0.175
P 0.200 0.194 0.200 0.200

Table 6. Results of one-way ANOVA test for between-group comparison of biochemical variables at baseline

Indicator AST

Levin 0.816

Significance F 0.890
P 0.494

ALT ALP Platelets
0.148 0.235 1.072
0.601 0.387 0.150
0.930 0.872 0.373

Table 7. Results of one-way ANOVA test for between-group comparison of body composition and

anthropometric characteristics at baseline

Indicator Height (cm)
Levin 2.086
Significance E 0.665
P 0.119
Testing hypotheses

1. The first null hypothesis

Platelet counts in jujube, Pilates, and
Pilates+jujube groups will not change significantly
after intervention.

Platelet counts of all four groups were compared
using a one-way ANOVA test. Descriptive statistics
revealed that the platelet levels increased
significantly in all three experimental groups over
time. In contrast, platelet count did not change
significantly in the control group (Table 8).

Given that the four groups were not significantly
different at baseline, post-treatment data were

Weight (kg) Age (year) WHR
6.706 0.112 2.554
0.228 0.676 2.262
0.001 0.952 0.071

analyzed using one-way ANOVA to examine
between-group differences (Table 8). The findings
revealed that the platelet values in the three
experimental groups were significantly different from
that of the control group (P = .001; F = 302.41).
Therefore, the null hypothesis is rejected (Figure 1).

2. The second null hypothesis

ALP levels in Pilates, jujube, and Pilates+jujube
groups will not change significantly after
intervention.

ALP levels of all study groups were compared
using a one-way ANOVA test. Descriptive statistics
revealed that ALP values did not decrease
significantly in any of the study groups (Table 9).

Table 8. Results of one-way ANOVA comparing before-after differences and dependent t-test comparing before-
after platelet count data across study groups (mean * standard deviation)

Variable Group Before

After

Dependent t-test ANOVA results for
t P before-after differences

Platelets Pilates 207750.4+9199.5 215234.6+8288.32  -17.98  0.001 F=302.41

AAB, 2022; 13:E36881
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Jujube 217129.148067.29 ~ 219857.5#8210.09  -5.67  0.001 P =0.001
Pilates plus Jujube = 215471.74#9989.4  231826.1+10643.07 -37.57  0.001
Control 213048.9+410335.06  213351.7+10357.42 -1.148  0.281

235000
230000
225000
220000
215000
210000
205000
200000

Platelet count

Platelets

baseline

post-treatment

Pilates === Jujube === Pilates plus Jujube Control
Figure 1. Mean + standard deviation of platelet values in study groups over time

Table 9. Results of one-way ANOVA comparing before-after differences and dependent t-test comparing before-
after ALT levels across study groups (mean * standard deviation)

Variable Group Before

Dependent t-test ANOVA results for

T P before-after differences
Pilates 165.4+14.26  159.2+13.96 1.11 0.294
Jujube 160.4+9.44 156.9+8.72 1.92 0.086 _
ALP Pilates ol F=89.91
Hares bs 16231221 14458976 146  0.177 P =0.001
Jujube
Control 169.51+12.93  169.9+412.56  0.466 0.652

Since no significant difference existed among the
four groups at baseline, post-treatment data were
analyzed using one-way ANOVA to compare
between-group differences (Table 9). The findings
indicate a significant difference in ALP levels
between the three experimental groups and the
control group (P = .001; F = 89.91). Therefore, the
second null hypothesis is rejected (Figure 2).

3. The third null hypothesis

ALT levels in Pilates, jujube, and Pilates+jujube

AAB, 2022; 13:E36881

groups will not change significantly after
intervention.

Baseline ALT levels of all study groups were
compared using a one-way ANOVA test. According
to descriptive statistics, the ALT value did not
decrease significantly in the three experimental
groups, nor did it change significantly in the control
group (Table 10).

Since no significant differences existed between the
four groups at baseline, post-treatment data were
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baseline

post-treatment

Pilates === Jujube === Pilates plus Jujube Control
Figure 2. Mean + standard deviation of ALP levels in study groups over time

Table 10. Results of one-way ANOVA comparing before-after differences and dependent t-test comparing before-
after ALP levels across study groups (mean * standard deviation)

Dependent t-test ANOVA results for
Variable Groups Before before-after
t P .
differences
Pilates 56+15.31 47.63+15.44 1.57 0.151
Tujiube 61.80+17.88 57+17.56 0.863 0.411
ALT Pilates plus F =208.85
Jujube 64.40+17.84  49.50+16.82 1.16 0.274 P =0.001
Control 65.63+17.07  65.62+16.40 1.05 0.318
69
66
63
— 60
)
= 57
< 54
51
48
45
Baseline Post-treatment
Pilates == Jujube == Pilates plus Jujube Control

Figure 3. Mean + standard deviation of ALT levels in study groups over time

analyzed using one-way ANOVA to assess between-
group differences (Table 10).

The findings exhibited a significant difference between
the experimental and control groups concerning ALT
levels (P = .001, F = 208.85). Therefore, the null
hypothesis is rejected (Figure 3).

4. The fourth null hypothesis

AST values in jujube, Pilates, and Pilates+jujube groups
will not change significantly after intervention.

AAB, 2022; 13:E36881

One-way ANOVA was utilized to compare baseline
AST levels in study groups. Based on descriptive
statistics, the AST value did not decrease significantly in
the three experimental groups, nor did it change
significantly in the control group (Table 11).

There was no significant difference between the four
groups at baseline; therefore, post-treatment data were
analyzed using one-way ANOVA to study between-
group differences (Table 11). The findings showed a
significant difference between the three experimental
groups and the control group in AST levels (P = .001,
F = 143.12). As such, the null hypothesis is refuted
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(Figure 4).
5. The fifth null hypothesis

WHR values in jujube, Pilates, and Pilates+jujube
groups will not change significantly after intervention.

One-way ANOVA was employed to compare baseline
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WHR levels in study groups. The WHR value dropped
significantly in the three experimental groups based on
descriptive statistics. However, it did not change
significantly in the control group (Table 12).

As there was no significant difference between the
four groups at baseline, post-treatment data were
analyzed using one-way ANOVA to compare

Table 11. Results of one-way ANOVA comparing before-after differences and dependent t-test comparing before-
after AST levels across study groups (mean * standard deviation)

Dependent t-test

ANOVA results for

Variable Groups Before After T P before-after differences
Pilates 47%10.95 42.1+11.38 21 0.001 F=143.12
AST Jujube 49.7+14.06 46.5+14.08 12.82 0.001 P=0 Obl
Pilates plus Jujube 46+9.27 38.1+8.97 22.7 0.001 '
Control 48.79+11.73  48.96+11.51 -0.604 0.561
AST
53
50
- 47
% 44
< a1
38
35
baseline post-treatment
Pilates === Jujube === Pilates plus Jujube Control

Figure 4. Mean + standard deviation of AST levels in four groups over time

Table 12. Results of one-way ANOVA comparing before-after differences and dependent t-test comparing before-
after WHR levels across study groups (mean * standard deviation)

Variable Groups

Before

After

Dependent t-test

ANOVA results for

t P before-after differences
Pilates 0.97+0.03 0.91+0.03 20.84 0.001
WHR Jujube 0.94+0.05 0.92+0.06 7.21 0.001 F=126.41
Pilates plus Jujube 0.94+0.03 0.85+0.04 22.63 0.001 P=0.001
Control 0.02+0.98 0.02+0.98 -0.669 0.520
WHR
1
0/98
0/96
0/94
e
3 0/88
0/86
0/84
0/82
0/8

AAB, 2022; 13:E36881
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baseline
Pilates e Jujube —=—
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post-treatment

Pilates plus Jujube Control

Figure 5. Meantstandard deviation of WHR in study groups over time

between-group differences (Table 12). The findings
indicate a significant difference in WHR levels
between the three experimental groups and the
control group (P = .001, F = 126.41). Accordingly,
the null hypothesis is disapproved (Figure 5).

Data analysis demonstrated significant changes in
indices in experimental groups. According to the
findings, AST, platelet count, and WHR levels in
Pilates, jujube, and Pilates+jujube groups changed
significantly compared to baseline and the control
group. ALP and ALT enzyme levels in experimental
groups did not change significantly compared to
baseline. Nonetheless, these changes were
significant compared to the changes occurring in the
control group.

4. Discussion

The findings of this study demonstrate that eight
weeks of Pilates exercise plus  jujube
supplementation is more effective than Pilates
exercise or jujube supplementation administered
alone. The combined protocol effectively reduced
the serum level of liver enzymes (AST, ALT, and
ALP) and increased blood platelet counts. Moreover,
WHR significantly decreased more than in other
groups. The literature on Pilates exercise and jujube
supplementation seems limited. Therefore, more
research is needed in this regard. However, among
the few related studies is Hagner et al.’s (2015)
study, which investigated the effect of Pilates
exercises on ALT and AST enzymes in
postmenopausal and obese women. The study found
that despite a significant reduction in body weight
and body mass index, ALT and AST enzymes did
not change significantly after 10 weeks of Pilates
exercises in postmenopausal and obese women [15].
This is inconsistent with the results of our research,
possibly because of the intensity of exercise and lack
of jujube supplementation.

In another study conducted by Sharifi et al. (2020),
thirty-two non-athlete female volunteers were
assigned to four 8-member groups based on body
weight. The groups included Pilates, saffron,
Pilates+saffron, and placebo. Pilates and
Pilates+saffron groups performed Pilates exercises
three sessions weekly for 60 minutes per session.
The saffron and Pilates+saffron groups took
capsules containing 30 mg/day of saffron daily, and

the placebo group consumed capsules containing a
placebo for eight weeks. The results showed that
Pilates training, saffron consumption, and Pilates
training+saffron consumption significantly affected
fat mass reduction, leading to increased total body
water and net body mass. The results also revealed
that although Pilates training and saffron
consumption alone led to improved body
composition, Pilates training+saffron consumption
had more favorable effects than either of them alone
[34]. This finding is consistent with our results
regarding body fat mass reduction assessed via
WHR.

In their quasi-experimental study, Nazarieh et al.
(2012) examined the effect of eight weeks of
resistance training along with Zataria multiflora
supplementation on liver enzyme levels in men with
NAFLD. The results showed that resistance training,
not Zataria multiflora supplementation, may
effectively improve liver dysfunction indices (ALP,
ALT, and AST) associated with NAFLD [35].
Consistent with our results, lifestyle change,
including dietary modification and physical activity,
was the most critical advice for patients with
NAFLD. Exercise is an essential component of
treatment for NAFLD [12], as emphasized by the
American Digestive Association [14]. Studies
indicate that physical activity, especially with
weight loss, enhances the function of the liver and
resistance to insulin [15].

In their quasi-experimental study entitled “The
effects of dietary weight loss with or without
exercise training on liver enzymes in obese
metabolic syndrome subjects,” Straznicky et al.
(2011) examined 63 sedentary and obese men and
women who were randomly selected and assigned to
intervention and control groups. Exercises were
continued for 12 weeks for the intervention group.
The results showed that reducing the amount of
central body fat and saturated fat consumption are
critical stimuli for boosting liver enzymes [36].

Although there are some contradictory findings
[20], the majority of studies conducted in recent
years indicate the crucial effect of Pilates exercises
in boosting physical health [21], body composition,
insulin resistance, and metabolic disorders [16].
Pilates exercises involve a comprehensive
combination of muscle stretching and strengthening
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[16], which strengthen deep muscles with the least
possible damage by focusing on the mind and the
rhythm of breathing [17]. Keymasi et al. (2017), in
their research entitled “Effect of Pilates Training on
Hepatic Fat Content and Liver Enzymes in Men with
Nonalcoholic Fatty Liver Disease,” randomly
allocated 20 middle-aged men with NAFLD into two
groups: Pilates and control. The Pilates group
participated in a Pilates exercise program for eight
weeks. The results revealed that the adipose content
of the liver in the Pilates training group significantly
decreased compared to the control group. Besides,
serum levels of ALT, AST, and ALP enzymes in the
Pilates training group decreased compared to the
control group. Furthermore, eight weeks of Pilates
training significantly reduced body weight, body
mass index, fat percentage, and WHR [2], which
agrees with our research findings. Among the
reasons for the consistency is the similar type of
exercise and duration of activity.

The findings of this research are consistent with the
study of Beigi et al. (2015), entitled “Effects of
aerobic-pilates exercise training on serum levels of
liver enzymes and sonography of patients with non-
alcoholic fatty liver disease”. In this research, 20 men
with NAFLD were selected via purposive sampling
and randomly assigned to experimental and control
groups. The results demonstrated that serum levels of
ALT and AST were significantly reduced in the
experimental group. Accordingly, this training
protocol seems to significantly affect refining fatty
liver disease and its severity and could be utilized as
a non-pharmacological approach [37].

A plethora of research has reported that jujube
extract induces the expression and generation of
erythropoietin by activating the hypoxia-1 induction
factor and other signaling factors that enhance the
hematopoietic process [22]. Given its anti-fibrotic,
anti-apoptotic, and anti-inflammatory effects, jujube
can be used as a complementary method to treat
NAFLD and reduce side effects in patients [38].
Alongside this, in their study entitled “Effect of
Ziziphus jujuba supplementation before one session of
acute resistance exercise on the serum glutathione
peroxidase and superoxide dismutase activity”,
Afzalpour et al. (2017) purposefully and voluntarily
selected 24 non-athlete female students of Birjand
universities and allocated them randomly to intense
resistance exercise and jujube fruit
consumption+intense resistance exercise. Individuals
in both groups participated in a resistance exercise
session consisting of five movements with 90%
maximum repetition. The results disclosed that using
the jujube supplement enhanced the GPX antioxidant
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enzyme activity. Nonetheless, this enhancement was
not enough to prevent the suppression of these
enzymes after resistance training [24].

The findings of our study concerning reduced liver
enzymes are consistent with those of Akbulut’s
(2020) research entitled “Responses of Uric Acid,
Glucose, Thyroid Hormones, and Liver Enzymes to
Aerobic and Combined Exercises in University
Students”. In this study, 45 male volunteers with a
sedentary lifestyle were selected purposively and
allocated randomly to aerobic and combined exercise
groups. Post-treatment measurements of TSH, T3,
T4, AST, ALT, uric acid, and glucose concentrations
revealed that aerobic and combined exercise both
affect biochemical parameters (thyroid hormones,
liver enzymes, uric acid, and glucose). Moreover,
combination exercises proved to be more effective
than aerobic exercises alone [39].

Lastly, peripheral platelet counts can probably
reflect the severity of liver damage [29]. Indeed, the
progression of liver fibrosis is associated with liver
cells’ reduced thrombopoietin production, which in
turn reduces platelet production [30]. In this regard,
studies have demonstrated that NAFLD specimens
have lower platelet counts and higher mean volumes
[31].

5. Conclusion

Overall, very few studies have investigated
the effect of Pilates exercises and jujube
supplementation on liver enzymes, liver fat content,
and platelet count. When put together, lifestyle and
diet modifications can positively affect NAFLD.
Indeed, exercise especially Pilates workout plus
jujube supplementation can reduce the serum
concentration of liver enzymes (AST, ALT, and
ALP) and raise the number of platelets in the blood.
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