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Background: The present study examined the effects of a prolonged exercise intervention at the lactate
threshold (LT) on body composition, aerobic performance, and the autonomic nervous system (ANS) in women
with obesity.

Methods: A total of 36 obese Korean women aged 36 to 55 years (mean =+ standard deviation, 44.8 £ 5.2 years)
were randomly assigned to a control group (CON, n=18) or an experimental group (EXP, n=18); and EXP under-
went aerobic exercise training three times a week at a heart rate corresponding to the LT (HR_LT) for 12 weeks.
All dependent variables (body composition, aerobic performance, and ANS function parameters) were evaluat-
ed before and after training.

Results: Compared with the CON group, the EXP group showed significant improvement in body composition
(body weight, —4.57 vs. —2.40 kg; body mass index, —1.79 vs. —0.96 kg/m? %body fat, —4.63 vs. —1.41; fat-free
mass, 3.24 vs.—-0.08 kg), aerobic performance (oxygen consumption at LT, 5.74 vs. 0.12 mL/kg/min; maximal oxy-
gen consumption, 541 vs. 2.14 mL/kg/min; treadmill speed at HR_LT, 1.40 vs. 0.29 km/hr; bicycle load at HR_LT,
18.62 vs. 4.52 w; and ANS function (mean RR, 50.83 vs. —15.04 ms; standard deviation of NN intervals, 5.08 vs.
—0.55 ms; root mean square of successive differences, 6.42 vs. 1.87 ms; total power, 0.34 vs. 0.10 ms high fre-
quency, 0.32 vs. —0.04 ms?; low frequency/high frequency, —0.09 vs. 0.01).

Conclusion: Aerobic exercise at the LT for 12 weeks is a practical method of improving body composition, aero-
bic performance, and ANS function for women with obesity.
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Obesity is an accumulation of excess fat, caused by energy imbal-
ance between excess food intake and the calories consumed.' Ac-
cording to a report by the World Health Organization in 2014,
more than 1.9 billion people, or 39% of the world’s adult popula-
tion, are overweight and 13%, or 6 million people, are obese.” As
for the prevalence of obesity in Korea, the male obesity rate de-

creases with age (32% in 20s, 43.9% in 30s, 39.6% in 40s, 41.5% in

50s, 36.9% in 60s, and 24.0% in more than 70s). On the other
hand, women’s obesity rate increases rapidly with age (15.0% in
20s, 18.6% in 30s, 22.3% in 40s, 29.3% in 50s, 36.6% in 60s, and
37.3% in more than 70s).’ This suggests that the obesity rate in-
creases by age in women and 20 to 40 years old women who have a
relatively low prevalence of obesity need long-term and continuous

treatment for obesity.
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Three methods of preventing and treating obesity are available:
pharmacotherapy, surgery, and combined diet and exercise. Of
these, pharmacotherapy and surgery can offer instant weight loss,
but due to costs and side effects, they are limited to specific patients
in clinical aspects.*® However, a combination of dietary and exer-
cise therapies has the effect of increasing basal metabolism by acti-
vating fat utilization through increased fat and energy consumption
as well as weight and body-fat reduction.®

The most recommended exercise modality for prevention and
treatment of obesity is aerobic activity, preferably in the form of
regular activities such as walking, biking, jogging, etc.” Aerobic ex-
ercise is most effective in reducing fat and body weight when per-
formed three to five times a week, with an exercise intensity of 50%
to 85% of maximal oxygen consumption (VOzmax) or 60%-90% of
maximal heart rate (HRuax) and an exercise time of 45-60 min-
utes.>” A wide range of exercise intensity settings using VOamay or
HRu results in different levels of aerobic and anaerobic metabolic
responses during the same exercise load according to the maxi-
mum exercise performance of each individual. Menzel and Hil-
berg® recommended an anaerobic threshold (AT) intensity for
each individual as the optimal exercise intensity for weight loss.
Among typical methods of determining AT are the lactate thresh-
old (LT), which is based on blood lactate levels, and ventilator
threshold (VT), which is measured by respiratory gas.” The LT
and VT do not typically appear at the same time, and the LT gen-
erally tends to appear before the VT. In addition, the LT indicates a
point of rapid change in blood lactate levels, and is considered an
efficient and practical method with less subjective bias for deter-
mining an AT compared with the VT

Weight loss through aerobic exercise results in reduced blood
cholesterol, improved hypertension, increased insulin sensitivity,
reduced risk of cardiovascular disease, and improved aerobic exer-
cise capacity.'"'> Aerobic exercise also has reduced levels of leptin,
insulin, cortisol, and thyroid stimulating hormone during submaxi-

mal exercise, >

and it increases the activity of the vagus nerve, re-
duces resting heart rate, activates the parasympathetic nervous sys-
tem (PNS), and provides for autonomic control.’>!¢**

Tests of heart rate variability (HRV) are widely used in clinical
practice to examine the relationship between obesity and the auto-

nomic nervous system (ANS). It is a noninvasive and reliable eval-
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uation method that can quantitatively evaluate the activity of the
sympathetic and PNSs.'>'**° The ANS function is closely related to
obesity; a sustained increase in sympathetic nervous system activity
at rest causes a decrease in basal metabolism, an increase in body
weight, and obesity."**"** Salivary cortisol is also positively correlat-
ed with HRV, which represents the sympathetic-parasympathetic
balance.”” The ANS response, evaluated by HRV and salivary corti-
sol, can be used as an important index for obesity prevention and
treatment, and it is necessary to examine the relationship between
physiological changes induced by aerobic exercise and ANS chang-
es. Kim et al.'"? reported that 12 weeks of combined aerobic and re-
sistance exercise improves HRV and reduces mental stress in older
women with obesity. An exercise program was found to be effective
in reducing body fat in elderly women with obesity with similar
body composition and cultural patterns in East Asian countries.
Park et al.”® verified that a dietary intervention of 70% of recom-
mended dietary allowance and exercise training corresponding to
the heart rate at the LT for 12 weeks effectively improved body
composition, aerobic performance, and stress. These findings show
that moderate aerobic exercise can improve ANS function and pre-
vent and treat obesity.** However, whether prolonged aerobic exer-
cise at the LT affects ANS function in women with obesity remains
unclear. In this study, we hypothesized that prolonged aerobic exer-
cise at the LT would improve ANS function and reduce obesity in
middle-aged women. We carried out a randomized trial to investi-
gate the influences of aerobic exercise training at the LT for 12
weeks on body composition, aerobic performance, and ANS func-

tion in women with obesity.

METHODS

Participants

The study participants were 44 obese 36- to 55-year-old Korean
women (mean + standard deviation, 44.8 + 5.2 years) with a body
mass index (BMI) > 25 kg/m? and a history of participating in
only low levels of aerobic activity. Applicants” menopausal status
was not assessed. Six participants dropped out due to health prob-
lems and personal circumstances during the training period, leav-
ing 36 active participants. The participants consented by signature,

after sufficient explanation of the experimental conditions and ac-
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Table 1. Participants’ characteristics

Variable CON (n=18) EXP (n=18) P

Age (yr) 4589+5.78 44.78+521 0549
Height (cm) 158.39+4.23 159.17 £3.45 0.550
Weight (kg) 70.62+6.94 70.96+3.76 0.854
BMI (kg/m?) 28.16+2.64 28.03+1.62 0.858
Free fat mass (kg) 42.37+4.16 4258+2.26 0.854
Fat mass (%) 34.45+2.96 35.52+1.31 0.175

Values are presented as mean + standard deviation.
CON, control group; EXP. experimental group; BMI, body mass index.

knowledging an understanding of the possible adverse effects, and
were randomly assigned to a control group (CON; n=18) or ex-
perimental group (EXP; aerobic exercise group, n=18) using a
computerized random number generator (Table 1). Thirty-six of
the participants completed the study and only their data were used
in the analyses. All procedures of the study were approved by the
Institutional Review Board of Konkuk University (IRB No. 7001355-
201812-HR-288) in Korea and they were conducted according to
the Declaration of Helsinki.

Study design

The experimental design involved a 3-day pre-testing session,
12 weeks of intervention, and a 3-day post-testing session. On the
first pre- and post-testing days, all participants fasted for more than
8 hours. After stabilization, saliva was collected between 7:00 and
9:00 AM. Body composition and HRV were then measured. On
the second pre- and post-test day, a graded exercise test (GXT) was
performed on a treadmill to evaluate VOsumar, VO, corresponding
to the LT (VO,_LT), HRumay, and HR corresponding to the LT
(HR_LT). On the third pre- and post-test days, all participants
performed an aerobic exercise on a treadmill and a bicycle for 30
minutes each at the HR LT, and the treadmill speed and bicycle
load at the HR LT were measured. Dietary intake and daily activi-
ties were investigated once every 4 weeks to minimize the effect of
extrinsic variables on dependent variables.

Participants in the EXP group carried out aerobic exercises on
treadmills and bicycles for 30 minutes each (total 60 minutes) at
the HR_LT. In contrast, members of the CON group did not carry
out any exercise intervention. All exercises were performed three
times a week at a constant temperature of 22°C and humidity of

60%, for a total of 12 weeks.
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Dietary intake

All participants were requested to record their meals (i.e., type,
amount, and ingredients of food) once every 4 weeks both before
and during the 12-week intervention period, and nutritionists
monitored their records monthly. However, we did not supply spe-
cific instructions for dietary treatment because the purpose of this
study was not to confirm the effect of dietary treatment. Total ca-
loric intake was analyzed by selecting the records twice each week-
day and once each weekend at various points throughout the study.
Nutritional analyses were performed using the Computer Applied
Nutrition Analysis Program, according to Korea Nutrition Facts
from the Korea Food and Drug Administration in the Ministry for
Health, Welfare and Family Affairs, Republic of Korea.

Daily activity
To investigate the amount of daily activity other than the pre-
scribed exercise of all the subjects, daily caloric consumption was

estimated using a fitness band (Polar M400; Polar, Finland).

Height and body composition

Height and body composition parameters (body weight, free-fat
mass, percent of body fat, and BMI) were measured using bioelec-
trical impedance analysis equipment (Inbody 770; Inbody, Seoul,
Korea).

Aerobic performance

Aerobic performance was assessed using two methods. First, it
was evaluated based on changes in VO and VO, LT measured
by GXT using an automatic breathing gas analyzer (K4B2; Cosmed,
Pavona, Italy). As the subjects were obese, the protocol was initiated
at 3.6 km/hr and the speed was increased by 1.2 km/hr every 2 min-
utes. Second, exercises were performed on a treadmill and bicycle
for 30 minutes each in accordance with the HR LT. Mean values
for the speed on the treadmill and the load on the bicycle during

30 minutes of exercise were measured.

ANS function
HRYV and salivary cortisol were measured to examine changes in
ANS function after 12 weeks of exercise intervention. After approx-

imately 30 minutes of rest, four pads were placed on the wrists and
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ankles using an HRV analyzer (CANS-3000; LAXTHA, Daejeon,
Korea), and the participant’s HRV was measured in a resting condi-
tion. The measured HRV parameters were as follows: average of all
R-wave-to-R-wave intervals (mean R-wave-to-R-wave; mean RR),
standard deviation of successive differences (SDNN) and root
mean square of successive differences (RMSSD) were analyzed as
time-domain methods, and total power (TP), low frequency (LF),
high frequency (HF), and the LF/HF ratio were measured as fre-
quency-domain methods. Salivary cortisol was analyzed by an en-
zyme-linked immunosorbent assay using the ER HS Salivary Cor-
tisol kit (Salimetrics, State College, PA, USA).

Statistical analysis
Means and standard deviations were calculated for all dependent
variables. The normality of distribution of all outcome variables

was verified using the Kolmogorov-Smirnov test. A two-way analy-
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sis of variance with repeated measures on the “time” factor was
used to analyze the effects of exercise intervention for 12 weeks on
each dependent variable. Post-hoc Bonferroni testing was used to
identify within-group changes over time. Clinically meaningful
change was assessed by calculating the mean change and 95% con-
fidence interval. All analyses were carried out using IBM SPSS ver-
sion 23.0 (IBM Corp., Armonk, NY, USA). A priori, the level of
significance was set at 0.05.

RESULTS

As shown in Fig. 1, a significant interaction is apparent between
the two groups for dietary intake (P=0.042, n*=0.098). However,
daily activity did not show any significant interactions between the
two groups. The post-hoc analysis for the group difference at time

points in dietary intake with significant interactions found no sig-

(5]
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Figure 1. Changes of dietary intake (A) and daily activity (B) during the intervention. Mean and standard deviation for dietary intake and daily activity with main analysis of
variance in control group (CON) and experimental group (EXP). *Significant interaction or main effect.

Table 2. Body composition before and after training with main analysis of variance results

Measure CON B Ll

Before After Mean change (95% Cl) Before After Mean change (95% Cl) Time Group Interaction
Body weight (kg)  70.62+6.94 6822+704 -240(-339t0-141)  7096+376 66.39+356 -457(-634t0-2.79)  0.607(0.000)" 0.005(0.683) 0.130(0.031)
BMI (kg/m?) 28.16+264 27.20+260 -0.96(-1.37to-056)" 2803+162 2623+169 -1.79(-248t0—1.11)"  0.611(0.000f" 0.017(0.443) 0.124(0.035)"

Fat-free mass (kg) 42.37+4.16 4229+436 -0.08(-0.691t00.54) 4258+2.26
Body fat (%) 3445+296 3304+301 -141(-256t0-026)  3552+1.31

4581+246  324(2.09t04.38) 0.438(0.000) 0.077(0.102) 0.461 (0.000)"
30.88+2.31 -463(-5.97t0-3.30)"  0.606(0.000) 0.017(0.453) 0.304(0.000)"

Values are presented as mean + standard deviation.
*P<0.05; 'P<0.001 vs. before training; *Significant interaction or main effect.

CON, control group; EXP. experimental group; Cl, confidence interval; BMI, body mass index.
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nificant difference between the groups.

A significant difference was found between the two groups for
body weight (P=0.031, n?=0.130), BMI (P=0.035, n*=0.124),
fat-free mass (P<0.001, *=0.461), and %body fat (P<0.001,
1n>=0.304) (Table 2). Post-hoc analyses found significant decreases
in bodyweight (EXP, —4.57 kg [~6.34 to —2.79 kg ]; CON, —2.40 kg
[-3.39 to —1.41 kg]; P<0.001), BMI (EXP, —1.79 kg/m? [2.48
to —1.11 kg/m*]; CON, —0.96 kg/m? [-1.37 to —0.56 kg/m*]; P<
0.001), and %body fat (EXP, —4.63% [-5.97% to —3.30%]; CON,
—1.419% [-2.56% to —0.26%]; P < 0.0S). Fat-free mass (EXP, 3.24 kg
[2.09 to 4.38 kg]; P < 0.001) was significantly increased only in the
EXP group. Overall, aerobic exercise at the LT was effective in im-
proving body composition.

As shown in Table 3, a significant interaction was observed be-
tween the two groups in VO, LT (P=0.001, *=0.267), VOama

jomes

(P=0.007, 1*=0.194), treadmill speed at HR_LT (P<0.001,
n>=0.520), and bicycle load at HR_LT (P<0.001, n*=0.311).
Post-hoc analyses found significantly improved VOauma (EXP, 5.41
mL/kg/min [3.17 to 7.65 mL/kg/min]; CON, 2.14 mL/kg/min
[1.27 to 3.02 mL/kg/min]; P< 0.001), treadmill speed at HR LT
(EXP, 1.40 km/hr [1.08 to 1.72 km/hr]; CON, 0.29 km/hr [0.09
to 0.50 km/hr]; P<0.01), and bicycle load at HR LT (EXP, 18.62 w
[11.85 t0 2538 w]; CON, 4.52w [1.07 to 7.97 w]; P< 0.03). VO, LT
(EXP, 5.74 mL/kg/min [3.63 to 7.85 mL/kg/min]; P< 0.001) was
significantly increased only in the EXP group. Overall, aerobic ex-
ercise at the LT was effective in enhancing aerobic performance.

A significant interaction was found between the two groups for
mean RR (P=0.010, n?=0.179), SDNN (P=0.020, n*=0.149),
RMSSD (P<0.001,n*=0.402), TP (P=0.007,n*=0.195), LF (P=
0.031, 1*=0.304), HF (P=0.017, y*=0.156), and LF/HF (P=

Table 3. Aerobic performance before and after training with main analysis of variance results

CON

EXP (P)

Measure Mean change

After (95% Cl)

Before

Before

Mean change

(95% Cl) Interaction

After Time Group

VO2_LT (mL/kg/min) 2459+450 2472+3.28
VOzrmax (mL/kg/min) 36.59+352 38.73+3.69

Treadmill speed at HR_LT  581+068  6.11+0.80
(km/hr)
Bicycle load at HR_LT (w) 61.99+1358 66.52+15.65 4.52(1.07 to 7.97)*

0.12(-2.50t0 2.75)
2.14(1.27 t03.02)
0.29(0.09 to 0.50)'

2325+£2.98 2899+4.00
35630+£2.25 40.71+4.64
5.53+0.39

5822+11.20 76.83+14.62 1862(11.85t0 25.38)"

5.74(3.63 o0 7.85)
5.41(3.17 to 7.65)
1.40(1.08t0 1.72)

0.284(0.001) 0.065(0.134) 0.267 (0.001)}
0.563(0.000 0.003 (0.749) 0.194(0.007)}

6.93+0.81 0.718(0.000f 0.046(0.211) 0.520 (0.000)}

0.549(0.000f 0.017 (0.448) 0.311 (0.000F

Values are presented as mean + standard deviation.
*P<0.05; 'P<0.01; *P<0.001 vs. before training; *Significant interaction or main effect.

CON, control group; EXP, experimental group; Cl, confidence interval; VO,_LT, oxygen consumption corresponding to the lactate threshold; VOzmax, maximal oxygen consumption; HR_

LT, heart rate corresponding to the lactate threshold.

Table 4. Autonomic nervous system function before and after training with main analysis of variance results

y CON EXP 1 (P)

easure Before After Mean change (95% Cl) Before After Mean change (95% Cl) Time Group Interaction
Mean RR (ms) 837.35+97.96 82231+92.48 —15.04(-62.941032.85) 830.20+75.14 881.03+74.02 50.83(33.27t068.39)  0.061(0.148) 0.028(0.325) 0.179(0.010
SDNN (ms) 3560+9.35 3505+10.95 —055(-5.05t03.95) 3487+968 3996+852  5.08(3.22t06.94) 0.102(0.058) 0.014(0.491) 0.149(0.020)*
RMSSD(ms) ~ 2087+688 2274+7.86  1.87(0.34t03.40) 2020+757 2683+727  642(512t07.72) 0.691(0.000f° 0.013(0.510) 0.402 (0.000)*
TP (ms?) 682+058  692+058  0.10(-0.04t00.24) 702+069  7.36+066  0.34(0.23to 0.46) 0.445(0.000f° 0.065(0.133) 0.195(0.007)*
LF(ms?) 547+060  551+083  0.04(-0.11t00.19) 530+063  519+070 -0.12(-0.40t00.16) 0.008(0.607) 0.041(0.236) 0.031(0.304)
HF (ms?) 520+065  516+067 —0.04(-0.33t00.25) 514+101  546+094  032(023t0041) 0.100(0.061) 0.006(0.641) 0.156(0.017)¢
LF/HF 1.06+0.14 1.07+0.10 0.01(-0.05t00.07) 1.05+0.14 096+0.13 —009(-0.14t0-0.04)  0.114(0.044) 0.066(0.129) 0.184 (0.009
Salivary cortisol ~ 0.27+011  035+0.18  0.08(-0.011t00.16) 031£017  029+0.15 -0.01(-0.11t00.08) 0.032(0.297) 0.001(0.837) 0.065(0.132)

(ug/dL)

Values are presented as mean + standard deviation.

*P<0.05; 'P<0.01; *P<0.001 vs. before training; *Significant interaction or main effect.

CON, control group; EXP, experimental group; CI, confidence interval; SDNN, standard deviation of NN intervals; RMSSD, root mean square of successive differences; TP, total pow-
er; LF, low frequency; HF, high frequency.
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0.009, *=0.184). However, salivary cortisol did not show signifi-
cant interaction between the two groups (Table 4). Post-hoc analy-
ses revealed a significant improvement in RMSSD (EXP, 6.42 ms
[5.12 to 7.72 ms]; CON, 1.87 ms [0.34 to 3.40 ms]; P<0.05) in
both groups. However, mean RR (EXP, 50.83 ms [33.27 to 68.39
ms]; P<0.001), SDNN (EXP, 5.08 ms [3.22 to 6.94 ms]; P< 0.001),
TP (EXP, 0.34 ms? [0.23 to 046 ms’]; P<0.001), HF (EXB, 0.32 ms’
[0.23 to 0.41 ms]; P<0.001) and LE/HF (EXP, —0.09 [-0.14 to
—0.04]; P<0.01) were significantly increased only in the EXP group.
The LF did not show a significant difference in either groups. Over-
all, aerobic exercise at the LT effectively enhanced ANS function.

DISCUSSION

Aerobic exercise at the LT for 12 weeks was associated with im-
proved body composition, aerobic performance, and ANS func-
tion in obese Korean women. The results mean that aerobic exer-
cise at the LT can be a practical and successful obese resolution
method.

The dietary intake of both groups showed a significant decrease
within time (EXP, —19.8%; CON, —15.2%) and daily activity was
significantly increased (EXP, 6.8%; CON, 9.6%). The decrease in
dietary intake and the increase in daily activity are thought to be
caused by motivation of body weight reduction and health care via
participating in the study.*® These changes appears to have resulted
in body composition and aerobic improvement in the CON group
without exercise intervention. However, given the purpose of the
study, and because there was no significant difference in dietary in-
take and daily activity at each time point, we concluded that the
difference between the two groups of dependent variables (body
composition, aerobic performance, and ANS function) was not af-
fected by dietary intake and daily activity.

Aerobic exercise, the most commonly used obesity treatment, was
performed for an extended period of time: three times a week for
60 to 90 minutes. Moderate intensity was most appropriate for ex-
ercise intensity, and it has been reported that it is most preferable to
set it to the LT.* In a study of changes in body composition accord-
ing to exercise training using a systematic review and meta-analysis,
Wewege et al.”® reported that aerobic exercise training of moderate

intensity can induce significant reductions in body fat and waist cir-
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cumference, even in the absence of changes in body weight. Ver-
heggen et al.* reported that a combination of caloric restriction and
exercise is effective for weight loss, decreasing visceral fat stores. Ho
etal”” reported that moderate exercise intervention increases energy
expenditure, promotes fat oxidation, and induces muscle synthesis,
thereby increasing muscle mass. They reported significant improve-
ments in body weight (~1.6%), %body fat (~2.6%), abdominal fat
percentage (—2.8%), and cardio-respiratory fitness (13.3%). In our
study, aerobic exercise at the LT induced greater body composition
improvements versus controls in women with obesity. It also
showed greater changes in body composition (body weight,
—6.4%; BMI, —6.4%; fat-free mass, 7.6%; and %body fat, ~13.1%)
than previous studies. These results indicate that aerobic exercise at
the LT may be an efficient component of weight management pro-
grams.

Obese individuals typically show a decline in aerobic perfor-
mance and diverse degrees of dyspnea in association with mechani-
cal abnormalities, increased ventilator requirements secondary to
the increased metabolic load, and greater effort in breathing*® Con-
sequently, they may be particularly predisposed to respiratory mus-
cle fatigue during exercise. It is therefore important to improve re-
spiratory and aerobic exercise capacity through the application of
aerobic exercise intervention to obese patients. In general, aerobic
exercise training is known to enhance aerobic performance via in-
creased capillary density, increased myoglobin content, increased
number, size and efficiency of mitochondria, and activation of en-
zymes associated with oxidative phosphorylation.”” In our study,
VO,_LT, VOumay treadmill speed at HR LT, and bicycle load at
HR LT were measured using GXT to evaluate aerobic performance.
Aerobic exercise at the LT was associated with a greater improve-
ment in all aerobic performance parameters. Aerobic exercise at the
LT demonstrates the potential for effective treatment of obesity via
increased respiratory, metabolic, and aerobic performance in obese
individuals.

HRV testing is an effective method for quantitative evaluation of
the activity and balance of the ANS.”” HRV is measured by a non-
invasive and relatively simple method, and changes in the activity
and balance of the ANS due to stress enable the diagnosis of stress-
related diseases.” Kemp et al.*' suggested that depression, panic

disorder, anxiety, and obesity affect the ANS imbalance primarily
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by reducing the activity of the PNS. Cortisol, a hormone secreted
during stress, is also known to promote senescence. Salivary corti-
sol represents the sympathetic-parasympathetic balance.' In other
words, HRV and salivary cortisol indicate an abnormal function of
the ANS and may affect various physiological and clinical parame-
ters while increasing prevalence and mortality."**° Twelve weeks of
aerobic exercise intervention at the LT in women with obesity was
associated with a significant improvement in mean RR, SDNN,
RMSSD, TP, HF and LF/HF. Among the HRV parameters corre-
sponding to the time domain, mean RR, SDNN, and RMSSD
measure the activity of the PNS.">*' SDNN is an indicator of physi-
ological resilience to stress and clinically low SDNN is a predictor
of high mortality in cardiovascular disease.’>* RMSSD is closely
related to atrial fibrillation, and the larger the RMSSD, the more
physiologically healthy and relaxed**** TP, HF, and HF/LF belong
to the frequency domain, HRV and HF reflect the activity of the
vagus nerve, and TP is an index that reflects the overall control abil-
ity of the ANS.* LF is associated with mental stress and reportedly
is significantly positively correlated with depression, anger, and so-
matization.* Increasing LF reduces the overall HRV function, re-
sulting in greater heart instability.** High LF/HF means that the
sympathetic nervous system activity is relatively high or that the
parasympathetic activity is suppressed.'> Kim et al."” investigated
whether a combination of aerobic and resistance exercise adminis-
tered over a period of 12 weeks enhanced HRV in obese and elder-
ly Korean women. They reported that 12 weeks of combined aero-
bic and resistance exercise improved HRV, reducing mental stress
in obese older women. Likewise, our study confirmed that 12
weeks of aerobic exercise at the LT, although different in exercise
intensity and type, enhanced the sympathetic-parasympathetic bal-
ance, which is highly correlated with obesity and diseases in women
with obesity.

In summary, these results suggest that 12 weeks of aerobic exer-
cise at the LT can be an effective treatment for obesity, enhancing
health via improvement of body composition, aerobic performance
and ANS function in women with obesity. Based on these findings,
further collaborative research involving enhancement of ANS func-

tion for obese patients in various countries is needed.
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