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INTRODUCTION

The cessation of menses, or menopause, generally occurs in women 

between the ages of 45 and 55. As the world’s population continues to 

age, it is projected that by 2030 almost 1.2 billion women worldwide will 

be menopausal or postmenopausal [1]. Menopause is a process of aging 

that is associated with decreased estrogen production and has been pre-

viously associated with an increase in the development of cardiovascular 

disease (CVD) and metabolic disorders [2-4].

Leptin and ghrelin play a critical role in the regulation of energy, food 

uptake, and body weight [5]. Leptin and ghrelin have previously been 

positively and negatively correlated with estrogen, respectively, which is 

known to decrease following menopause [6]. Alterations in levels of 

leptin and ghrelin have been previously linked to increases in appetite, 

obesity, and insulin resistance [6-11]. The reduced insulin response re-

sults in a slower metabolism and reduces anabolic activity which con-

tributes to weight gain [12]. In conjunction with these hormonal chang-

es, the decreased energy expenditure previously reported in postmeno-

pausal women [13], may explain the increase in central adiposity ob-

served in postmenopausal women [7]. The hormonal and body compo-

sition changes that coincide with menopause leave postmenopausal 

women at risk of increased CVD [14-17]. 

Previous research has shown that exercise is a useful non-pharmaco-

logical therapy for weight management as it has been shown to positively 
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PURPOSE: Postmenopausal status is associated with an age-related decline in hormones, abnormal appetite regulation, weight gain, 
and increased risk of cardiovascular disease (CVD). Exercise is a useful non-pharmacological intervention that improves the levels of 
hormones involved in appetite regulation and weight management while reducing CVD risk factors. The present study aimed to eluci-
date the effect of a ballet program on menopause-related changes in satiety or levels of appetite regulation hormones, including leptin 
and ghrelin, homeostatic model of assessing insulin resistance (HOMA-IR). 

METHODS: The EX group performed the ballet program. In the fasting state, body composition; leptin, ghrelin, insulin, and glucose 
levels; and HOMA-IR values were assessed before and 12 week after the intervention. 

RESULTS: A significant group by time interaction (p<.05) was noted for percentage body fat, leptin, insulin, and HOMA-IR, which sig-
nificantly decreased (p<.05), and ghrelin, which significantly increased (p<.05). 

CONCLUSIONS: These results indicate that this ballet program may be an attractive and enjoyable intervention for improving meno-
pause-associated appetite regulation hormone changes in postmenopausal women.
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affect appetite regulation [18], energy homeostasis hormones [19], and 

improve body composition [20,21]. We have previously shown that exer-

cise can also improve vascular and muscular function associated with 

the age-related decline in hormone production [22-24] and reduce risk 

factors for CVD [21]. However, many older adults regard it difficult to 

participate in the exercise due to perceived barriers (e.g., expense, exercis-

ing safely, absence of good supervision, concerns about exercising safely) 

[25-27]. Hence, it may be advantageous to offer an exercise modality that 

is attractive to older adults, specifically, postmenopausal women. Ballet 

can easily be modified to accommodate the preferences of individuals 

making it a style of exercise that may be more attractive to older adults. 

Ballet programs, such as dance, gymnastics, and ballet, can be pro-

grammed to incorporate components of both aerobic and anaerobic 

training [28-31]. Although, the impact of ballet program on appetite-re-

lated hormones, insulin resistance, and body composition in postmeno-

pausal women remain largely unexplored. We hypothesized of this pilot 

study that the ballet program would exhibit improve levels of leptin, 

ghrelin, and HOMA-IR in postmenopausal women.

METHODS

1. Participants

Twenty postmenopausal women (age, 51-55 years) were recruited from 

Busan, South Korea. All participants were considered post-menopausal 

(≤1 year, cessation of menses), classified as obese (body fat percentage 

>30%) [32], and were considered inactive (i.e., ≤ 60 min/day, ≤1 days/

week, at least the last 6 months) [33]. All participants were free of medi-

cation use or hormone therapy during the year prior to the beginning of 

the study. Participants have not participated in regular exercise or weight 

loss program in the last 1 year and have not taken fat loss supplements. 

All participants gave their informed consent for inclusion before they 

participated in the study. 

2. Study design

The present study utilized a two-armed parallel experimental design. 

All blood samples and body composition were measured pre and post 

the 12-week ballet program. Baseline measurements were performed at 

8:00 AM (±1 hour) after an overnight fast. Following baseline assess-

ment, participants were randomly assigned to either the ballet program 

group (EX, n =10) or the control group (CON, n =10) with computer-

generated random numbers. Laboratory personnel were not aware of the 

allocation. The ballet program took place April through July. The partic-

ipants in the EX-group performed ballet program 60 minutes per day, 3 

days a week for 12 weeks. Ballet program was performed Monday, 

Wednesday, and Friday each week at 11:00 AM (±1 hour) and consisted 

of variations of ballet dance maneuvers. 

3. Blood sample analysis 

Plasma Leptin concentrations were assessed using a Human Leptin 

RIA kit (LINCO Research, USA) and COBRA 5010 Quantum (PACK-

ARD, USA) [34]. Plasma ghrelin concentrations were assessed using 

commercial RIA kits (LINCO Research, USA) and COBRA 5010 Quan-

tum (PACKARD, USA) [35]. 

Serum insulin was evaluated using an electrochemiluminescence im-

munoassay (Roche, Germany) and cobas®8000 modular analyzer series 

(COMPANY, Roche, Germany). The serum glucose was evaluated with 

a glucose UV spectrophotometry immunoassay (COMPANY, Roche, 

Germany) and cobas®8000 modular analyzer series (COMPANY, 

Roche, Germany). HOMA-IR was a calculation by using the ensuing 

formula: HOMA-IR =[fasting glucose (mg/dL)×fasting insulin (μU/

mL)/405] [36]. 

4. Body composition.

Height and body mass were measured to the nearest 1.0 cm and 0.1 

kg. %BF and lean body mass were measured to the nearest 0.1 kg, per-

cent body fat was measured to the nearest 0.1%, and lean body mass 

(LBM) were measured to the nearest 0.1 kg using bioelectrical imped-

ance analysis (BIA) (X-SCAN PLUS II, Korea) [37].

5. Ballet program 

Participants in the EX group performed the ballet program for 12 

weeks. Participants performed the ballet program on Mondays, Wednes-

days, and Fridays every week and each session was 60 minutes in dura-

tion (Table 1). Each class began with a 10-minute warm-up that consisted 

of abdominal breathing and stretching that emphasized the preparation 

of major muscle groups for exercise. The main exercise component of 

each class was followed by a 10-minute cool-down.

The ballet program intensity was determined using heart rate reserve 

(HRR). Intensity of ballet program was gradually increased from 50% to 

60% HRR in weeks 1 to 6, and to 60% to 70% HRR in weeks 9 to 12 [38]. 

During each ballet program session subjects wore a Polar chest heart 

rate monitor to monitor the exercise intensity (Polar, RS400sd, APAC, 
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USA). Each ballet class was supervised by qualified researchers.

6. Statistical analysis 

Data are expressed as Mean ± Standard Deviation (M ± SD). Indepen-

dent t-tests were used to examine baseline differences between the two 

groups. A two-way analysis of variance with repeated measures [group 

(EX and CON)× time (pre- and post- 12 weeks) was used to examine the 

difference of changes between before and after ballet program within 

and between groups. Bonferroni correction was used to determine the 

effects of ballet program over time. When significant interaction were 

noted, paired t-tests were used for post-hoc comparisons. Data were ana-

lyzed using SPSS 25 (SPSS Inc. Chicago, IL, USA). unless noted other-

wise. Statistical significance was set to p< .05. The sample dimension 

analysis was performed using G*Power software (GPower 3.1). A total 

sample size of 10 subjects was required to satisfy a significance level of 

0.05 with effect size of 0.99 and power of 0.80.

RESULTS

Baseline measurements were not significantly different between the 

CON and EX groups (p>.05) (Table 2). Following the 12-week ballet 

program there were significant group x time interactions (p< .05) for 

%BF, leptin, ghrelin, insulin, and HOMA-IR. No significant changes 

were observed in the CON group (p>.05). Following the ballet program, 

Table 1. Ballet program     

Order Exercise Duration Intensity Frequency

Warm-up Abdominal breathing & stretching 10 min
Main Exercise 1. Pliés, 2. Battement tendus, 40 min 1-6 weeks 3 times/week

3. Battement jetés, 4. Adagio HRR: 50-60%
5. Grand battements, 
6. Adagio-center
7. Battement tendu-center, 
8. Grand battement -center 
9. Small jump: Temps soute-center, 
10. Pas glissade
1. Pliés, 2. Battement tendu+Releves 7-12 weeks
3. Battement jetés+piques, HRR: 60-70%
4. Rond de jamb parterre, 
5. Adagio, 6. Grand battement, 
7. Adagio: Pliés+port de bras, 
8. Battement tendu+Turn, 
9. Grand battement -Grand turn, 
10. Small jump: Changement de pieds,
11. Pas assemble, 12. Petit pas chasse
13. Grand pas jetés

Cool-down Arabesque, Glissade, Waltz, 10 min
Changement Reverence

HRR, heart rate reserve.

Table 2. Descriptive characteristics of the study participants

CON (n=10) EX (n=10)

Pre Post Δ Pre Post Δ

Age (yr) 52.1±2.47 - - 52.9±1.85 - -
Height (cm) 159.6±5.14 - - 159.7±4.95 - -
Weight (kg) 60.59±5.86 60.65±6.72 0.06±0.36 60.63±4.20 58.53±4.07 -2.10±0.13
BMI (kg/m2) 23.84±2.69 23.86±2.64 0.02±0.13 23.81±1.89 22.32±1.48 -0.99±0.59
Body fat (%) 31.54±3.03 31.78±3.75 0.24±0.72 31.31±1.53 29.09±1.33 -2.22±0.20*,†

Lean body mass 23.1±2.04 22.86±1.79 -0.24±0.25 22.78±1.20 23.86±0.98 1.08±0.22*,†

d=0.69

BMI, body mass index.
*p<.05 vs. pre; †p<.05 vs. control.
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concentrations of ghrelin (Fig. 1) significantly improved (p< .05) in the 

EX group and %BF (Table 2), leptin (Fig. 2), insulin (Fig. 3B), and HOMA-

IR (Fig. 3C) were significantly decreased (p< .05) in the EX group.

DISCUSSION

1. Ghrelin

Ghrelin is known as the hormone that is secreted by enteroendocrine 

cells within the gastrointestinal tract [39]. In this present study, partici-

pants body mass was significantly decreased in the EX group. In obese 

individuals with increased circulating levels of leptin, the level of ghrelin 

is decreased [5]. Ghrelin levels are associated with balance between ener-

gy expenditure and food intake [5]. A previous study reported that with 

decreased fat mass, ghrelin levels are increased [40]. This may be the 

bodies response to an increase in energy expenditure. The subjects in 

the ballet program group experienced an improvement in %BF and 

LBM. Ghrelin has also been positively associated with adiponectin levels 

in postmenopausal women [7]. This hormone plays an important role in 

increased glucagon secretion, osteoblast proliferation/differentiation, and 

can protect against muscle atrophy [41]. Increasing ghrelin levels may at 

first seem counterintuitive, however it has been shown that this increase 

in obese postmenopausal women contains anti-inflammatory properties 

[42-44]. Along with these properties, increased ghrelin levels have been 

shown to regulate glucose homeostasis through inhibition of insulin se-

cretion and regulation of hepatic glucose output [41]. With an increase 

in ghrelin the ballet program may help postmenopausal women regulate 

glucose more efficiently. 

2. Leptin

A previous study reported that low levels of leptin in obese middle-

aged women are associated with an increase of obesity [5]. Leptin is the 

hormone responsible for regulating energy balance by inhibiting hunger 

[45]. It has been previously reported that leptin plays a role in regulating 

of body weight and food intake [5]. This may reduce the progression 
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Fig. 1. Ghrelin pre and post 12 weeks of control group and exercise group 
in postmenopausal women. Values are presented as Mean±SD. *p<.05 vs. 
Pre; †p<.05 vs. CON.
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Fig. 2. Leptin pre and post 12 weeks of control group and exercise group 
in postmenopausal women. Values are presented as Mean±SD. *p<.05 vs. 
Pre; †p<.05 vs. CON.
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Fig. 3. Glucose (A), insulin (B) and HOMA-IR (C) pre and post 12 weeks of control group and exercise group in postmenopausal women. Values are present-
ed as Mean±SD. *p<.05 vs. Pre; †p<.05 vs. CON.
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and/or prevalence of obesity in this population. Leptin levels have also 

been shown to be inf luenced by the amount BF and LBM [46]. We 

found that 12 weeks of ballet program reduced %BF and increase LBM 

which may positively influence on leptin level in these individuals. Low-

er estrogen has been shown to associated with lower leptin sensitivity 

[47]. In general, low estrogen levels are reported in postmenopausal 

women. Additionally, leptin level and leptin sensitivity are lower com-

pared to pre-menopausal women. This lower leptin sensitivity may lead 

to increased hunger which may lead to obesity. Therefore, the improved 

body composition by the 12-week ballet program may have significantly 

influence the levels of leptin or vice versa. This result also consistent with 

the other results that Exercise lowers leptin concentrations caused by the 

appetite control and energy balance [48,49].

 However, we have not directly assessed the relationship between the 

reduction of leptin and body composition, and further investigation is 

warranted. 

3. Insulin resistance

It is well understood that insulin resistance occurs when cells in the 

body cannot utilize insulin to uptake the increased glucose in the blood 

[50-53]. Menopause and increases in abdominal adiposity result in de-

creases in estradiol and increases in resistin, respectively, both of which 

have been shown to contribute to insulin resistance [50,51,54]. In addi-

tion, post-menopausal women typically show an increase in adiposity 

and will also generally be less active, which may explain why insulin re-

sistance is so prevalent in obese middle-aged women [53]. Although it 

has been previously shown that women who are more physically active 

have greater insulin sensitivity, whether they are on hormone replace-

ment therapy or not [53]. In the present study, within the exercise group, 

HOMA-IR decreased significantly versus the control. With the intro-

duction of the ballet program, muscles that most likely have not been 

used so often are activated. Putting that demand on the musculature 

will force a greater need for glycogen. As exercise is completed, the 

body’s glucose metabolism will be improved, and the capillarization of 

skeletal muscles will increase. These factors combined could potentially 

lead to higher insulin sensitivity and efficient glucose utilization. We 

demonstrate that insulin resistance levels in postmenopausal women 

improve following a 12-week ballet program, and the reduced insulin 

levels may be played a part in the improvement of insulin resistance. 

Glucose levels did not change; thus, it can be stated that the reduced 

HOMA-IR we have shown is predominantly due to reduced insulin lev-

els following ballet program. Therefore, decreasing the levels of insulin 

resistance via the ballet program may reduce fat mass in this population.

4. Body composition

In this study, those who participated in the ballet program saw an in-

crease in LBM, with a reduction in weight and body fat percentage. 

Postmenopausal women generally experience an increase in body fat 

percentage due to hormonal changes, aging, and reductions in physical 

activity [55,56]. With an increased body fat percentage can come compli-

cations such as, diabetes and cardiovascular disease [57]. Therefore, an 

exercise program that is low impact, attractive and cost-efficient may be 

the answer for improving menopause-associated increases in body fat 

percentage. With improved body composition the subjects BMI also was 

decreased. As stated previously, participants experienced an increase in 

insulin sensitivity. This can most likely be attributed to the decrease in 

body fat percentage and increase in lean body mass. Insulin sensitivity 

can play an important role in this population. Previous studies have 

shown a strong influence of body fat percentage on insulin sensitivity in 

postmenopausal women [50-53]. Others also report that menopause and 

aging are each associated with a reduction in insulin sensitivity [53]. Al-

though we did not obtain food logs during the ballet program, we have 

supervised them not to change their regular diet habits and maintain 

their caloric intake. Therefore, reductions in total mass (body weight) 

within the ballet group may be attributed to an increase in energy ex-

penditure. A reduction in body fat can be associated with increased 

leptin levels and leptin sensitivity [53]. This may potentially prevent our 

subjects not to consume extra caloric intake. 

CONCLUSION

The results of this study demonstrated that the ballet program is a 

beneficial intervention in improving levels of leptin, ghrelin, insulin, and 

insulin resistance while reducing body fat in postmenopausal women. 

Although ghrelin levels were elevated in the ballet program group, exer-

cise may have increased leptin sensitivity. These improvements in hor-

mones are associated with reduced fat mass and increase lean mass in 

postmenopausal women. Thus, these results evidence that a ballet pro-

gram may be an effective therapeutic intervention for the prevention of 

obesity in postmenopausal women. 
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