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Background/objectives: Regular exercise such as aerobic exercise has been shown to reduce the risk of
some diseases such as cardiovascular disease (CVD). However, only few studies have investigated the
impact of regular aerobic exercise on non-obese and overweight/obese persons. Therefore, this study was
designed to compare the effect of a 12-week 10,000 steps a day walking intervention on the body
composition, serum lipids, adipose tissue function, and obesity-associated cardiometabolic risk between
normal weight and overweight/obese female college students.
Methods: Ten normal weight (NWCG) and 10 overweight/obese (AOG) individuals were recruited in this
study. Both groups performed a regular 10,000 steps a day walk for 12 weeks. Their blood pressure, body
mass index, waist-to-hip ratio, and blood lipid profiles were evaluated. Moreover, serum leptin and
adiponectin levels were measured using an enzyme-linked immunosorbent assay.
Results: Our results revealed that triglyceride (TG), TG/high-density lipoprotein cholesterol (HDL-C) ratio
and leptin were significantly reduced in the AOG group after the 12-week walking intervention. How-
ever, total cholesterol, HDL-C, and adiponectin/leptin ratio were significantly increased in the AOG group.
There was little or no change in these variables in the NWCG group after the 12-week walking
intervention.
Conclusions: Our study demonstrated that a 12-week walking intervention may help improve cardio-
respiratory fitness and obesity-associated cardiometabolic risk by decrease resting heart rate, modu-
lating blood lipid profiles, and inducing adipokine alterations in obese individuals. Therefore, our
research encourages obese young adults to improve their physical health by participating in a 12-week
walking program of 10,000 steps a day.

© 2023 The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier
(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

A growing number of overweight and obese persons have been
described globally.1 Obesity, especially in young adults, increases
the risk of developing health problems, such as sleep apnea,2 type 2
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diabetes mellitus,3 cancers,4 and particularly, cardiovascular dis-
eases. Obesity increases the cardiovascular risk not only through
unfavorably disturbing the circulating lipid profile5 but also by
altering secretion patterns of adipokines.6 Characteristically, the
serum lipid levels, such as total cholesterol (TC), high-density li-
poprotein cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), and triglycerides (TG) levels, are abnormally high in an
obese state. Two important adipocytokines, leptin and adiponectin,
which are produced excessively by the adipocytes, have opposite
effects on obesity-associated cardiometabolic risk. The circulating
adiponectin level is considered cardioprotective, while leptin may
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Fig. 1. Flow chart of participant recruitment and completion of the 12-week 10,000
steps/day walking exercise program.
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act as a risk factor in the pathophysiological link between increased
adiposity and cardiometabolic alterations. Thus, the adiponectin/
leptin (A/L) ratio constitutes a biomarker that may influence
obesity-related inflammation and increased cardiovascular risk.7,8

Meanwhile, adiposopathy-related alterations of circulating adipo-
kine patterns (low adiponectin and high leptin levels) contribute to
a spectrum of obesity-associated cardiovascular diseases.9 A recent
study demonstrated that the circulating adiponectin level has an
inverse relationship with the LDL-C and TG levels, whereas it has a
positive correlation with the HDL-C level.10 Because of the funda-
mental role of the circulating adipokine level in obesity and also the
importance of dyslipidemia in the risk of developing obesity-
associated cardiovascular diseases, the aim of the present study
was to evaluate whether regular walking exercise decreases the
cardiovascular risk through improving the adipokine level and
plasma lipid profile of obese subjects.

Low physical activity is a crucial contributor to the youth obesity
epidemic and increased morbidity in young adults in Taiwan.11

Among the Taiwanese youth, less than 30 percent of high school
students and none of the college-aged students in Taiwan met the
current physical activity guidelines of at least 60 min of moderate-
to-vigorous physical activity per day.12,13 Regular aerobic exercises
are suggested for obese young adults to improve their body
composition, skeletal muscle mass, maximal oxygen consumption,
and cardiovascular fitness.14,15 Aerobic exercise (such as running,
walking, and cycling) is a repetitive, large muscle group exercise
that is associated with an increase in the skeletal muscle capillary
density, aerobic enzyme concentrations, and mitochondrial
density.16e18 However, the requirements of effective aerobic exer-
cise are usually strict and inflexible, thus setting a comparatively
difficult goal for most sedentary obese young adults. Among the
aerobic exercises, walking is the most popular physical activity that
can be performed easily without the need for expensive equipment
or specialist skills,19 and it provides a promising population-level
strategy for increased physical activity.20,21 Growing evidence
suggests that walking exercise leads to improved physical health in
various populations. A systematic review suggested that patients
with chronic diseases after a Nordic walking program had a
significantly improved resting heart rate, blood pressure, exercise
capacity, maximal oxygen consumption (VO2 max), and quality of
life.22 Ruchat et al. (2012) demonstrated that a prenatal walking
programwith a low or vigorous intensity could increase the oxygen
pulse, thus improving maternal cardiorespiratory responses.23

Moreover, Wong et al. (2003) showed that older adults with
habitual walking had a lower body fat composition, better VO2max,
and stronger handgrip, and suggested that habitual walking was
beneficial for preventing physical disability in older adults.24

Hence, regular walking can be an effective exercise and may
serve as preventive medicine for the elderly. For younger persons,
differences in exercise interventions and participant characteristics,
such as their gender and body mass index (BMI), among the
different studies may have contributed to the inconsistent results.
The BlackWomen's Health Study followed 20,259 African American
women aged <40 years and who were not obese at baseline. After
14 years of follow-up, vigorous exercise may have reduced the
incidence of obesity among young African American women. Re-
sults for brisk walking were inconclusive.25

Several studies have associated adolescent or young-adulthood
obesity with a high long-termmortality risk, regardless of race, sex,
and obesity status in later life.26e29 Based on the evidence of the
positive effect of walking on physical health, Tudor-Locke et al.
(2011) suggested that a walking exercise of 4000 to 18,000 steps
per day is a reasonable daily goal for healthy adults.30 Over the last
few years, 10,000 steps a day walk has become popularized as a key
to physical health. The American College of SportsMedicine (ACSM)
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recommended a minimum of 2.5 h per week of moderate-to-
vigorous-intensity physical activity for overweight and obese
adults to improve their health.31 However, the intensity and dura-
tion requirements to achieve weight loss, and other health benefits
may differ among different adult populations.32,33 Thus, it is
necessary to evaluate whether a 12-week, 10,000 steps per day,
walking exercise meets the current physical activity guidelines. In
this study, the general hypothesis was that a 12-week, 10,000 steps
per day, walking exercise would improve the body composition,
serum lipids, adipose tissue function, and obesity-related car-
diometabolic risk in overweight or obese female college students.

Males are more active and tend to participate in more sports
than females,34 and the problem of physical inactivity appears to be
more prevalent among females. A lack of motivation was reported
by participants as one of the barriers to engaging in high-intensity
exercises among female undergraduates.35 The causes of physical
inactivity are multifactorial, including a lack of access to the
necessary facilities, time, exercise partner, and confidence.36 Thus,
the present study sought to investigate how a 12-week, 10,000
steps per day, walking exercise influenced the body composition,
serum lipids, adipose tissue function, and obesity-associated car-
diometabolic risk in young adult women from two weight groups,
overweight and normal.

2. Methods

2.1. Study design and participants

Fifty-three female college students (aged 18e25 years) were
recruited for the study. Of them, 6 did not meet the study re-
quirements, and the remaining 47 were further measured for the
waist circumference before the exercise intervention. According to
the WHO cut-off recommendation for Asian populations, Chinese
women with a waist circumference �80 cm were considered to
have abdominal obesity.37e39 Thus, the 47 participants were
divided into an abdominal obesity group (AOG) comprising 20
participants (waist circumference �80 cm) and a normal weight
control group (NWCG) comprising participants (waist circumfer-
ence <80 cm) (Fig. 1). Twenty-seven participants withdrew from
the study because of health reasons, unavailability, lack of perse-
verance, or other unknown excuses. Twenty participants (ten in
each group) were eventually assessed (Fig. 1). Participants with
cardiovascular disease, diabetes, liver dysfunction, renal
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impairment, an endocrine disorder, and a smoking habit were
excluded to reduce the influence of other confounding factors. The
baseline characteristics of the participants are shown in Table 1. The
average number of daily steps was defined as the sum of the steps
taken each day and calculated using smartphone-based records
from the past 12 months. Each participant provided written
informed consent after receiving full information about the study.
The experimental protocol was approved by the Human Research
Ethics Committee of Mackay Memorial Hospital (research number
12MMHIS119).

2.2. Exercise intervention

Pre-intervention assessments were completed prior to partici-
pants engaging in any of the walking exercise interventions. The
exercise protocol was performed as described in the literature, with
slight modifications.40 Participants were encouraged to take at least
8000 steps per day for seven consecutive days and achieve 9000
steps per day for another seven consecutive days. Finally, partici-
pants were prescribed a physical activity of at least 10,000 steps per
day for 12 successive weeks.

All participants were given a waist-mounted Digi-Walker
FP2001 electronic pedometer (Agoss Health Business, Co., Ltd,
Taiwan) and educated on its correct use. The Digi-Walker FP series
pedometers were used to steadily record the data accurately. The
participants were asked to wear the pedometer each day during
waking hours and record their steps in their diary and to not change
their normal activities during the 12-week intervention. Partici-
pants were asked to participate in six counseling interventions at 2,
4, 6, 8, 10 and 12 weeks, and researchers collected all activity data
from participants throughout the study. Where appropriate and
depending on the participant's condition, the observational data
were validated.

2.3. Characteristics, body composition, and anthropometric
measures

Demographic parameters (such as age, alcohol consumption,
smoking, and family history of diseases), body composition (such as
height, weight, BMI, body fat, waist, and hip circumference), and
physiological data (such as systolic blood pressure and diastolic
blood pressure) were recorded before and after the 12 weeks of
walking.

Age, alcohol consumption, smoking, family history of diseases,
and other health characteristics were obtained using a question-
naire. Body composition and physiological variables were
Table 1
Baseline characteristics of the participants included in this study.

Variable NWCG (n ¼ 10) AOG (n ¼ 10) p

Age (yrs) 19.87 ± 1.68 19.38 ± 2.22 0.835
Height (cm) 161.74 ± 4.18 161.07 ± 4.44 0.732
Weight (kg) 54.21 ± 4.44 60.28 ± 5.42 0.014
BMI (kg/m2) 20.69 ± 0.91 23.24 ± 1.94 0.003
Body fat (%) 26.22 ± 1.10 31.23 ± 4.42 0.006
Resting SBP (mmHg) 103.55 ± 7.91 109.45 ± 12.37 0.219
Resting DBP (mmHg) 62.00 ± 5.45 67.15 ± 6.16 0.031
Resting Pluse (beat/min) 73.10 ± 10.19 83.65 ± 7.06 0.008
Waist Circumference (cm) 74.60 ± 3.66 83.94 ± 3.13 <0.001
Hip Circumference (cm) 93.12 ± 3.63 94.27 ± 14.43 0.812
W/H Ratio 0.80 ± 0.04 0.92 ± 0.23 0.134
Average daily steps (steps) 4192.60 ± 1483.84 3814.20 ± 1688.55 0.301

p determined using the independent t-test. Data were presented as the
mean ± standard deviation. Abbreviations: NWCG¼Normal Waist Circumference
Group; AOG ¼ Abdominal Obesity Group; BMI ¼ body mass index; SBP ¼ systolic
blood pressure; DBP ¼ diastolic blood pressure.
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measured according to the guidelines of the International Biolog-
ical Program. The height was measured, without shoes, to the
nearest 0.1 cm by a metric measuring tape. The body weight was
measured, in light, indoor clothing, to the nearest 0.01 kg using a
digital scale. The BMI was calculated by dividing the weight (kg) by
the square of the height (m). The percent body fat was assessed
using an eight-contact electrode system, the BC-418 Segmental
Body Composition Analyzer (Tanita BC418, Tanita Corp, Tokyo,
Japan). The waist circumference (WC) was measured in the stand-
ing position, at the midpoint between the anterior iliac crest and
below the lowest rib margin, at the end of gentle respiration, by an
inelastic flexible tape.41 The hip circumference (HC) was measured
to the nearest 0.1 cm, at the end of gentle expiration, around the
maximum circumference of the buttocks. The mean of two de-
terminations was calculated for both WC and HC.

The resting pulse and the systolic and diastolic blood pressures
after at least 5 min of rest were obtained twice from the right arm
by placing the cuff of the automatic sphygmomanometer (HEM-
7320, Omron, Kyoto, Japan) on the right brachial artery for a relative
measurement. The second measurements of the resting pulse and
the systolic and diastolic blood pressures were taken after a 2-min
rest after the first measurements. The average of the two evalua-
tions was used to determine the resting pulse and systolic and
diastolic blood pressures. In addition, all participants were
informed not to change their typical diet and daily physical activity
during the study.

2.4. Blood sample analysis

Blood samples were taken to determine the biochemical pa-
rameters, blood lipid profile, and adipokine levels before and after
the 12 weeks of walking. After an overnight fasting, venous blood
samples (10 mL) were collected after a resting period of 10 min
between 08:00 a.m. and 10:00 a.m. Blood samples were drawn
from the antecubital vein in vacutainer tubes containing EDTA as an
anticoagulant to obtain plasma or in dry tubes to obtain serum. The
blood was allowed to coagulate for 60 min (10 min at room tem-
perature and 50 min on ice). The plasma and serum were centri-
fuged at 3000 rpm, for 10 min at 4 �C and then stored at �80 �C
until analysis. Serum biochemical parameters and the lipid profile,
including the fasting blood glucose, hemoglobin A1c (HbA1c), total
cholesterol (CHOL), low-density lipoprotein cholesterol (LDL-C),
high-density lipoprotein cholesterol (HDL-C), and triglyceride (TG)
levels, weremeasured using a Roche Cobas c501 auto analyzer with
the original reagents (Roche Diagnostics, Germany). TG/HDL-C,
LDL-C/HDL-C, and CHOL/HDL-C ratios were used to index the
extent of cardiovascular disease (CVD) risk markers.42,43 Total adi-
ponectin concentrations in the plasma were determined using the
Quantikine® Human Total Adiponectin/Acrp30 Immunoassay kit
(R&D Systems, Inc.; Minneapolis, MN, USA), following the manu-
facturer's protocol. The mean minimum detectable dose was
0.891 ng/mL. The levels of leptin in the plasma were detected by a
commercially available enzyme-linked immunosorbent assay
(ELISA; Leptin, R&D Systems, Inc.), following the manufacturer's
protocol. The mean minimum detectable dose was 7.8 pg/mL.

2.5. Statistical analysis

All data were analyzed using SPSS/PC þ Version 18.0 for Win-
dows (IBM Corp., Armonk, NY, USA). The Kolmogorov-Smirnov test
was used to evaluate the normality of the distributions of contin-
uous random variables. Variables with a non-normal distribution
were transformed before hypothesis testing. The independent-
sample t-test was used to compare baseline variables between
groups (AOG vs. NWCG). A two-way repeated analysis of variance
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(ANOVA) was conducted to assess the differences in each depen-
dent variable and group before and after the exercise training
course, followed by Bonferroni post hoc comparison analysis. An
independent t-test was executed to investigate the differences
between NWCG and AOG at baseline. p-values less than 0.05 were
considered statistically significant.

3. Results

3.1. Body composition and anthropometric measurements

A total of 20 participants, aged 18e25 years were recruited.
Comparisons between NWCG and AOG body composition and
physiological data are summarized in Table 1. Participants in the
AOG initially had a higher body weight, BMI, body fat content, and
WC than those of the NWCG (p < 0.05). No significant differences
were observed in age, height, HC, and WC/HC (W/C) ratio between
the two groups.

There was a slight reduction in weight, BMI, body fat, WC, and
HC values in the AOG after the 12-week walking intervention;
however, no significant reduction in weight, BMI, body fat content,
WC, and HC were observed when the values were compared to the
AOG baseline values (p > 0.05), as presented in Table 2. Conversely,
there was a general increase in weight, BMI, and HC values in the
NWCG after the 12-week intervention period, while there was a
non-significant increase in weight, BMI, WC, and HC in the NWCG
(p > 0.05, Table 2).

The resting pulse in the AOG was reduced from 83.65 ± 7.05 to
75.70 ± 7.31 beats/min after the 12-week walking intervention. A
two-way repeated ANOVA test showed a significant difference in
the effect of the interaction for the resting pulse (F ¼ 5.791,
p ¼ 0.03). The post hoc test results revealed that participants in the
AOG had a lower resting pulse after training than at baseline
(p < 0.05); however, participants in the NWCG had no such
phenomenon.

3.2. Lipid profiles

Fig. 2 shows the alterations in fasting blood glucose, blood lipid
profile (CHOL, TG, LDL-C, and HDL-C), and CVD risk markers (TG/
HDL-C, LDL-C/HDL-C, and TC/HDL-C) of participants in both groups
before and after the 12-week walking intervention. In the AOG, the
12-week walking intervention was positively associated with an
increase in CHOL (from 171.30 ± 21.40 to 187.44 ± 25.53, p < 0.05)
and HDL-C (from 57.88 ± 13.12 to 66.38 ± 16.11, p < 0.05); however,
a significant decrease in TG (from 75.290 ± 22.68 to 60.86 ± 17.14,
p < 0.05) was observed. By contrast, a statistically significant
Table 2
Change in body composition and anthropometric assessments baseline and after trainin

Variable NWCG (n ¼ 10)

Baseline After training

Weight (kg) 52.92 ± 3.58 53.29 ± 3.53
BMI (kg/m2) 20.54 ± 0.81 20.61 ± 0.77
Body fat (%) 26.13 ± 0.91 25.79 ± 1.00
Resting SBP (mmHg) 104.85 ± 5.08 104.20 ± 7.67
Resting DBP (mmHg) 63.05 ± 3.88 61.15 ± 4.09
Resting Pulse (beat/min) 73.15 ± 10.30 73.45 ± 8.12
Waist Circumference (cm) 75.62 ± 2.24 74.28 ± 3.39
Hip Circumference (cm) 91.84 ± 3.51 92.49 ± 2.76
W/H Ratio 0.80 ± 0.04 0.79 ± 0.41

*p < 0.05, compared with corresponding values in NWCG group; #p < 0.05, compared
SBP ¼ systolic blood pressure; DBP ¼ diastolic blood pressure. W/H Ratio ¼ Waist Circ
AOG ¼ Abdominal Obesity group.

256
difference was not observed in the NWCG before and after the 12-
week walking intervention.

The mean values of the CVD risk markers TG/HDL-C and LDL-C/
HDL-C were significantly reduced from 1.44 ± 0.61 to 1.04 ± 0.57
and 1.85 ± 0.54 to 1.70 ± 0.55, respectively, in the AOG (p < 0.05;
Fig. 2G & H). However, no differences in the mean TG/HDL-C and
LDL-C/HDL-C ratio were observed in the NWCG after the 12-week
walking intervention when compared with baseline values, indi-
cating that the CVD risk markers were not noted (p > 0.05).

3.3. Circulating adipokines

Fig. 3 shows the alterations in circulating levels of adiponectin,
leptin, and A/L ratio in the NWCG and AOG before and after the 12-
week walking intervention. The AOG exhibited significantly lower
and higher circulating adiponectin and leptin levels, respectively,
and a lower baseline A/L ratio than those of the NWCG (p < 0.05).
However, after the 12-week walking intervention, the A/L ratio
significantly increased (from 5.65 ± 1.86 to 5.86 ± 2.27; p < 0.05;
Fig. 3C), with a decreasing circulating level of leptin in the AOG
(from 12.74 ± 4.20 to 9.76 ± 4.74; p < 0.05; Fig. 3B). The NWCG
participants experienced a significant increase in the A/L ratio after
the 12-week walking intervention (p < 0.05; Fig. 3C).

4. Discussion

Walking is an easy and popular form of physical activity; how-
ever, some barriers discourage obese adults from walking.44 The
results of our study showed that no significant changes in anthro-
pometric parameters (body weight, BMI, fat mass content, fat
percentage, WC, HC, andW/C ratio) in the NWCG and AOG after the
12-week walking intervention. This is inconsistent with the results
of previous studies, which showed that walking interventions
improved the anthropometric parameters and blood lipid pro-
files.45 Brandon & Elliott-Lloyd (2006) found that sedentary and
obese Americanwomen, excluding African Americans, experienced
reductions in the body weight and fat content after a 16-week brisk
walking intervention,46 which was another inconsistency in the
reports of effects of walking interventions on weight loss across
many studies. The ACSM recommends walking as a popular aerobic
exercise and suggests a 40e59% heart rate reserve for 150 min per
week at the beginning to a 60% heart rate reserve for 250e300 min
per week at a vigorous intensity as an appropriate intensity to
reduce obesity. However, whether the participants in our study
achieved the optimal exercise intensity is still in doubt. The par-
ticipants in our study were female college students who were
predominantly overweight and obese. A lack of motivation was
g (mean ± SD).

AOG (n ¼ 10) Time � group
interaction

Baseline After training F p

60.28 ± 5.42* 59.85 ± 6.73 1.045 0.302
23.24 ± 1.94* 23.01 ± 2.48 0.860 0.366
31.23 ± 4.42* 30.58 ± 3.37 0.148 0.71
109.45 ± 12.37 110.95 ± 9.01 0.614 0.44
67.15 ± 6.16 67.10 ± 6.26 0.204 0.66
83.65 ± 7.05 75.70 ± 7.31# 5.791 0.03
83.94 ± 3.13* 82.86 ± 3.92 0.069 0.80
98.70 ± 3.66* 98.50 ± 4.22 1.216 0.29
0.92 ± 0.23 0.90 ± 0.16 0.027 0.872

with baseline values within AOG group. Abbreviations: BMI ¼ body mass index;
umference/Hip Circumference ratio; NWCG ¼ Normal waist circumference group;



Fig. 2. Plots illustrating alterations in individual fasting blood glucose and the blood lipid profile. Dot-plots indicate the variation of (A)plasma glucose, (B) hemoglobin A1c(HbA1c),
(C) triglyceride (TG), (D) total cholesterol (CHOL), (E) High-density lipoprotein (HDL-C), and (F) low-density lipoprotein(LDL-C) at baseline and after 12-weeks walking intervention
in NWCG and AOG g. Box-plots indicates relative (G) TG/HDL-C ratio, (H) LDL-C/HDL-C ratio, and (I) CHOL/HDL-C ratio at baseline and after 12-weeks of walking intervention in
NWCG and AOG. The median serum lipid ratio and the interquartile ranges have been indicated in the plot. *p < 0.05 (significant difference baseline/after training in the same
group); #p < 0.05 (significant difference baseline training between NWCG and AOG).

Fig. 3. Plots illustrating changes in individual circulatory adipokines levels. Dot-plots indicate serum concentration of (A) adiponectin and (B) leptin at baseline and after a 12-week
walking intervention in NWCG and AOG groups. (C) Box-plot indicates relative adiponectin/leptin ratio (A/L ratio) according to serum concentrations of adiponectin and leptin at
baseline and after a 12-week walking intervention in NWCG and AOG. The median A/L ratio and the interquartile ranges have been indicated in the plot. *p < 0.05; **p < 0.05
(significant difference baseline training between NWCG and AOG).
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reported by the participants as one of the barriers to engaging in
high-intensity exercises,47 which may explain the relatively little
time spent in moderate-to-vigorous intensity during the inter-
vention and the insignificant effect on anthropometric parameters.

The resting heart rate, the most direct response to cardiorespi-
ratory fitness, is normally between 60 and 100 beats per minute.
The resting heart rate can differ with an individual's fitness level,
and people with better cardiorespiratory fitness tend to generally
have a lower resting heart rate.48,49 In order to improve cardiore-
spiratory fitness, the 2007 ACSM/AHA guidelines recommend a
45%e55% heart rate reserve of 150 min per week or a 65%e75%
heart rate reserve of 60 min per week as an appropriate intensity
for sedentary adults. Anton et al. (2011) showed that clinically
meaningful improvements in cardiorespiratory fitness were
observed in participants who walked a minimum of 60 min per
week at a fast-pace and not in those who walked at a leisurely-
pace.50 The participants in our study were encouraged to achieve
the goal of a minimum of 10,000 steps per day for 12 successive
weeks. However, we did not request the participants to walk at a
fast-pace or high intensity. Our results showed that participants in
the AOG have a lower resting pulse after training, which was not
observed in the NWCG. In agreement with the previous study, our
results suggested that a 12-week leisurely-walk can be optimal to
257
better improve the cardiorespiratory endurance level in obese
persons than in persons with normal weight. Our study encourages
obese adults to improve their cardiorespiratory endurance by
participating in a regular program of unstressed walking exercise,
while higher-intensity exercise training is needed for improving
cardiorespiratory fitness for NWCG participants.

The results of our study showed higher baseline plasma glucose,
HbA1c, TG, total cholesterol, and LDL-C levels in the AOG than in the
NWCG and suggested that poor glycemic control could be a higher
risk of diabetic complications in obese female college students.51

Obesity is well known to be associated not only with an
abnormal lipid metabolism but also with poor cardiorespiratory
fitness.52,53 Lipid parameters (TG/HDL-C, LDL-C/HDL-C, and CHOL/
HDL-C ratios) have been linked to the risk of CVD.35,36 Urbina
et al. (2013) found that a higher TG/HDL-C value was correlated
with an increase in weight, heart rate, and risk of diabetic com-
plications in adolescents and young adults, especially in obese
youth.54 In addition, the study showed a relationship between the
TG/HDL-C ratio and arterial stiffness in identifying young adults at
risk for obesity-related atherosclerosis.20 A study that evaluated the
effects of a 12-week modified lower-calorie diet and Nordic
walking interventions on the anthropometric parameters and lipid
profiles of overweight and obese retired miners found that the
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participants’ TC and LDL-C/HDL-C values were significantly
reduced. However, large differences were observed between the
baseline and week-12 levels of lipid parameters for the modified
lower-calorie diet compared to those for walking interventions.45

Our study agrees with the literature by showing that the walking
intervention was positively associated with an increase in HDL-C
levels and negatively associated with a decrease in TG, TG/HDL-C,
LDL-C/HDL-C values in the AOG, which was not observed in the
NWCG, suggesting that the 12-week walking intervention was
more effective in improving the lipid profiles and cardiorespiratory
fitness of participants in the AOG.

Adipokines, such as leptin and adiponectin, are secreted almost
exclusively by the adipose tissue.55,56 Obese individuals are char-
acterized as having leptin resistance, with a high circulating level of
leptin.57 Conversely, adiponectin has cardioprotective functions
and protects against insulin resistance58,59; thus, adiponectin and
the A/L ratio tend to be lower in obese than in lean persons. In
agreement with the literature, our study showed the AOG had
significantly higher and lower circulating leptin and adiponectin
levels, respectively, and the AOG had a lower A/L ratio at baseline,
when compared with the NWCG. However, after the 12-week
walking intervention, all participants, regardless of obesity status,
appeared to have a significantly increased A/L ratio. Obesity-
associated alterations in adipokines play an important role in the
development of dysfunctional adipose tissue and the pathogenesis
of cardiometabolic complications.60,61 Our results showed that the
12-week walking intervention was beneficial in decreasing the
cardiometabolic risk in both the AOG and NWCG.
5. Limitations

As with all work, this study was not without limitations, which
should be acknowledged. First, the study was based on self-
reporting by participants regarding their daily walking steps.
There is evidence suggesting there is decreased compliance when
subjects are asked to wear a pedometer or similar device for an
extended period. The records may be inaccurate because of
“decreased compliance” responses or recall difficulties. However,
there is no alternative source of information available regarding
participants’ records of daily walking steps. To enhance the reli-
ability of self-reporting daily walking steps by participants, par-
ticipants were asked to receive one counseling intervention every
two weeks, for a total of six times. Researchers collected and vali-
dated all activity data from participants during that timeframe.

Second, this study elected to use the resting heart rate as a
surrogate measure to assess the effect of the 12-week walking
intervention on the cardiorespiratory fitness of obese young adults.
During exercise, the heart rate responds by increasing, as does the
delivery of oxygen to the body. Because of the dependent rela-
tionship between VO2 and resting heart rate, both are valuable tools
to assess cardiovascular fitness. However, VO2 is the most accurate
measure of cardiorespiratory fitness, and several meta-analyses
have shown that exercise training improves VO2 max in over-
weight or obese adults.

Finally, our results are inconsistent with the results of previous
studies, which showed that walking intervention improved the
anthropometric parameters and blood lipid profiles in AOG and
NWCG subjects. We speculate the inconsistency stemmed from an
insufficient exercise intensity of participants. However, the lack of
intensity information prohibits drawing conclusions about the
cause and effect; therefore, we refer only to an association between
lacking positive beliefs and an insufficient exercise intensity.
258
6. Conclusion

This research partly revealed that a 12-week walking inter-
vention might help combat cardiorespiratory fitness and obesity-
associated cardiometabolic risk in three possible ways. First, the
intervention decreased the resting heart rate in obese persons and
further improved inadequate cardiorespiratory endurance. Second,
the intervention effectively modulated circulating lipids in obese
persons and further improved the CVD risk. Third, the intervention
induced adipokine alterations by raising the A/L ratio with a
declining circulating level of leptin and further improved the car-
diometabolic risk. However, the effect of the 12-week walking
intervention on strengthening the cardiorespiratory health in the
normal-weight population was not as pronounced as it was in
obese individuals.
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