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Abstract.

[Purpose] This research aimed to investigate the relationship between aerobic capacity (VO, pear) and

cardiovascular risk factors in normolipidemic and dyslipidemic Thai men and women. [Subjects and Methods] We
recruited 104 dyslipidemic and 100 healthy participants. Fasting blood samples were analyzed for lipid and blood
glucose levels. Anthropometry, blood pressure, and body composition were measured before exercise. Each subject
underwent exercise testing to determine VO, ... Heart rate (HR) was recorded throughout the exercise test. [Re-
sults] Dyslipidemic participants had a lower VO, ¢, than normolipidemic participants (p<0.01). In normolipidemic
male participants, VO, ., was positively correlated with high density lipoprotein cholesterol (HDL-C) levels and
negatively correlated with low density lipoprotein cholesterol (LDL-C) levels and triglycerides to HDL-cholesterol
(TG/HDL-C) ratios; in females, VO, ., Was negatively correlated with age, total cholesterol, and LDL-C. In dys-
lipidemic males, VO, ,,.,x Was positively correlated with HDL-C levels and negatively correlated with age, LDL-C
and TG levels, and percent body fat; in females, VO, ., was positively correlated with resting HR and heart rate
recovery and negatively correlated with age, TG/HDL-C, and waist circumference. [Conclusion] There was a rela-
tionship between aerobic capacity and cardiovascular disease risk factors in both normolipidemic and dyslipidemic

participants. This relationship was affected by gender.
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INTRODUCTION

Dyslipidemia is a noncommunicable disease character-
ized by abnormal blood lipid levels, in addition to elevated
levels of total cholesterol (TC), triglycerides (TG), low
density lipoprotein cholesterol (LDL-C), or decreased levels
of high density lipoprotein cholesterol (HDL-C). The dis-
ease is associated with a high risk of cardiovascular disease
(CVD)?, which is a leading cause of death as a result of
atherosclerosis®>). Dyslipidemia also contributes to a loss
of endothelial derived nitric oxide, resulting in reduced
exercise-induced nitric oxide production®. This decreases
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endothelial vasodilation, which in turn decreases blood
flow, leading to increased CVD risk”>®. In addition, graded
maximal exercise reduces vasodilation via exercise-induced
oxidative stress”. Both mechanisms decrease oxygen
transport capacity of the vasculature, either at the peripheral
vasculature or by centrally affecting the heart!?). Thus, aero-
bic capacity or maximal oxygen consumption (VO,_ ...) is
normally used to determine cardiorespiratory fitness'!'=19. A
low VO, s associated with CVD risk factors (i.e., lipid
profiles!®) such as obesity!”> 18 and hypertension'?. Sex ad-
ditionally affects CVD risk?% 2D, A previous study reported
that waist circumference (WC) had better discriminative
potential than waist to hip circumference ratio (WHR) in
women but did not perform significantly better than body
mass index (BMI) in either gender?!). Moreover, the WC
of Malaysian men and women is a better discriminator of
metabolic syndrome than WHR. However, no studies have
investigated the correlation between VO, . and CVD risk
factors, nor the effect of gender on this correlation, in Thai
patients with dyslipidemia, despite there being differences
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between ethnicities in heart health behaviors, risk factors for
CVD, and cardiopulmonary fitness??). Therefore, this study
aimed to investigate the correlation between VO, . and
CVD risk factors, including anthropometry, body composi-
tion, and hemodynamic factors, in both healthy, sedentary
and dyslipidemic Thai participants.

SUBJECTS AND METHODS

We enrolled 104 dyslipidemic Thai men and women
(aged 47 + 6.3 years) and 100 healthy, sedentary, normo-
lipidemic Thai men and women (aged 47 + 7.1 years) for
this study. Individuals with dyslipidemia were diagnosed
according to the following criteria: total cholesterol (TC)
levels > 240 mg/dL, TG levels > 200 mg/dL, LDL-C levels
> 160 mg/dL, and HDL-C levels < 35 mg/dL. No partici-
pants had underlying CVD, hypertension, diabetes mellitus,
orthopedic problems, neuromuscular disorder, liver disease,
kidney disease, or infections, nor had anyone received any
medicine for dyslipidemia. This study was approved by the
Ethical Committee of Khon Kaen University in accordance
with the 1964 Declaration of Helsinki (revised in 1983), and
written informed consent was obtained from each subject.

All participants were asked to refrain from consumption
of alcohol or tobacco during the 12 hours prior to testing.
Drinking tea or coffee was not allowed for at least 2 hours
before the trial. To ensure consistent baseline activity lev-
els, participants were also asked to refrain from strenuous
exercise beginning 48 hours prior to the trial. Participants
then underwent a routine medical examination, including
completion of a health-risk questionnaire, to obtain medical
history, an examination of cardiac function using 12-lead
electrocardiography, and blood pressure (BP) measurement.
Blood samples were obtained from an antecubital vein and
glucose levels, urea nitrogen, creatinine, uric acid, albumin,
aspartate aminotransferase, alanine aminotransferase, and
alkaline phosphatase measured to determine kidney and
liver function. TC, TG, and HDL-C were measured using
a chemistry analyzer (Beckman Synchron CX4; Beckman
Coulter, Inc., Brea, CA, USA), and LDL-C was calculated
using the Friedewald equation (LDL-C = TC — HDL-C —
0.20 x TG). All blood chemistry parameters were analyzed
in the chemistry laboratory of Srinagarind Hospital, Faculty
of Medicine, Khon Kaen University, Thailand. Participants
were asked to record their food intake and physical activity
for 3 days (2 weekdays and 1 weekend day), which was used
to calculate their daily food intake and amount of physical
activity 1 week before the start of the experiment. Dietary
records were analyzed using INMUCAL software (Mahidol
University, Thailand).

VO, pear test: In this test, each subject performed a con-
tinuous, 3-minute graded exercise protocol (increased by 15
Watts for women and 20 Watts for men) on an electrically
braked cycle ergometer (Corival, Lode B.V., Groningen, the
Netherlands). The initial work rates, determined according
to participants’ fitness status, were 30 Watts for women and
50 Watts for men. The tests were performed using a Vmax
22 system (SensorMedics Co., Yorba Linda, CA, USA)
configured to the breath-by-breath mode. The gas analysis
system was calibrated before each trial using commercially

available precision gases (15% oxygen, 5% carbon dioxide,
and balance nitrogen), and flow calibration was carried out
using a 3-liter syringe. Expired gases were collected during
the last 10 seconds of the last minute of each workload, to
determine the following: oxygen consumption (VO,), car-
bon dioxide production (VCO,), respiratory exchange ratio
(RER), and minute ventilation (VE). Borg scores determin-
ing dyspnea and leg muscle fatigue were recorded in the last
15 seconds of each workload. The VO, ., of each partici-
pant was determined when any of the following criteria were
achieved: 1) participant’s VO, reached a plateau despite an
increase in workload; 2) HR reached 85% of age-predicted
maximum HR (220 — age); 3) participant’s RER > 1.15; or
4) participant was unable to sustain pedal frequency at 50
rotations per minute. Immediately following the exercise
test, participants were placed in the sitting position. Heart
rate recovery (HRR) was defined as the difference between
heart rate at the termination of strenuous exercise and after
the first minute of the recovery or cool-down period.

All data are expressed as mean + SD. Descriptive sta-
tistics were used to express the baseline characteristics of
participants. An independent t-test and Mann-Whitney U
test were used to determine mean differences of the vari-
ables under study in healthy, sedentary, normolipidemic and
dyslipidemic participants, and a Pearson correlation test was
used to determine correlation between VO, peak and CVD
risk factors in both categories of participant. If the statistical
probability (p-value) was less than 0.05, the difference was
considered to be of statistical significance.

RESULTS

Participants in both groups had high percent body fat
(%BF; men > 20%, women > 30%). Combined data showed
that dyslipidemic participants had higher levels of TG
(p<0.01), TC (p<0.01), and LDL-C (p<0.01) and higher tri-
glycerides to HDL-cholesterol (TG/HDL-C) ratios (p<0.01)
than normolipidemic participants but dyslipidemic partici-
pants had lower VO, e, (p<0.05) (Table 1). However, there
were no significant differences between normolipidemic and
dyslipidemic participants in age, height, body mass (BM),
BMI, %BF, fat mass (FM), fat-free mass (FFM), WC, hip
circumference (HC), WHR, HDL-C levels, fasting blood
glucose levels, systolic blood pressure (SBP), diastolic
blood pressure (DBP), mean arterial pressure (MAP), resting
HR, or HRR (Table 1).

In normolipidemic participants, women had lower
TG, TG/HDL-C ratios (p<0.01), and lower levels of SBP
(p<0.01), DBP (p<0.05), and MAP (p<0.01) than men. How-
ever, there were no significant differences between sexes in
age, height, BM, BMI, %BF, FM, FFM, WC, HC, weight/
height ratio, TC, LDL-C, glucose levels, resting HR, HRR,
or VO, ek (Table 2).

In dyslipidemic participants, women had lower height
(p<0.01), WC (p<0.05), TG levels (p<0.05), and TG/HDL-C
ratios (p<0.05) than men but higher LDL-C levels (p<0.05).
However, there were no significant differences between
women and men in age, BM, BMI, %BF, FM, FFM, HC,
WHR, TC, HDL-C, fasting blood glucose levels, SBP, DBP,
MARP, resting HR, HRR, or VO, . (Table 3). There were
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Table 1. Characteristics of normolipidemic and dyslipidemic participants

Normolipidemia Dyslipidemia 95% CI

(n=100) (n=104) Mean difference
Age (years) 474 +£7.1 475+£6.3 0.1 (1.7 to 2.0)
Height (cm) 160.4 £ 8.2 159.5+8.0 —0.9 (-3.1to 1.4)
BM (kg) 60.5+9.8 619+ 11.1 1.4 (-1.5t0 4.3)
BMI (kg/m?) 23.5+3.0 242 +3.1 0.7 (0.2 to 1.5)
BF (%) 304+52 30.4+5.6 0.0 (1.5 to 1.5)
FM (kg) 18.6 £ 5.0 18.9+5.6 0.4 (-1.2to0 1.9)
FFM (kg) 419+64 429+74 1.0 (0.9 t0 2.9)
WC (cm) 794 +9.5 81.1+8.6 1.7 (0.8 to 4.2)
HC (cm) 93.9+6.9 95.0+£6.9 1.1 (-0.6 t0 2.8)
WHR 0.84 +0.01 0.85+0.01 0.01 (—0.01 to 0.03)
TG (mg/dL) 102.5+37.5 174.6 £ 104.2" 72.2 (50.4 to 93.9)
TC (mg/dL) 199.2£22.8 241.1 £41.8" 419 (32.5t0 51.2)
LDL-C (mg/dL) 126.5+21.4 152.0 & 49.6" 25.5 (14910 36.2)
HDL-C (mg/dL) 51.9+12.5 52.4+£175 0.5 (3.7 t0 4.7)
TG/HDL-C 21+1.0 3.8+3.3" 1.7 (1.0 to 2.4)
FBG (mg/dL) 78.9 + 8.8 794 +8.3 0.5(-1.9t02.8)
SBP (mmHg) 1177+ 13.3 119.1 + 15.0 1.4 (—2.5t05.3)
DBP (mmHg) 74.7+9.4 76.4 +10.1 1.7 (-1.0 to 4.4)
MAP (mmHg) 89.0+9.9 90.6 + 10.6 1.6 (1.2 to 4.4)
Resting HR (/min) 74.5+94 77.8 +10.0 3.2(0.6t05.9)
HRR (/min) 29.3+£8.2 27.2+8.1 -1.5(-3.8t00.7)
VO, peax (ML/kg/min) 242+79 21.0+ 8.1 —3.2 (-5.4 to —1.0)

Values are expressed as mean + SD; n = 204 participants (100 normolipidemic, 104 dyslipidemic).
95% CI: 95% confidence interval; BM: body mass; BMI: body mass index; %BF: percentage of body
fat; FM: fat mass; FFM: fat-free mass; WC: waist circumference; HC: hip circumference; WHR:
waist to hip circumference ratio; TG: triglycerides; TC: total cholesterol; LDL-C: low density lipo-
protein cholesterol; HDL-C: high density lipoprotein cholesterol; FBG: fasting blood glucose; SBP:
systolic blood pressure; DBP: diastolic blood pressure; MAP: mean arterial pressure; HR: heart rate;
HRR: heart rate recovery; VO, ., peak oxygen consumption

*Significantly different between groups (p < 0.01)

no significant differences between normolipidemic and
dyslipidemic participants, or between sexes in either group,
for total caloric intake, dietary composition, or total energy
expenditure.

In normolipidemic men, VO, ., was positively cor-
related to HDL-C levels (p<0.01) and peak exercise HR
(p<0.01) and negatively correlated to LDL-C levels (p<0.05)
and TG/HDL-C ratios (p<0.01). However, VO, ., Was not
correlated to TG, TC, glucose levels, BM, BMI, %BF, FM,
FFM, WC, HC, WHR, SBP, DBP, MAP, resting HR, or HRR
(Table 4). In women, VO, .,x Was positively correlated to
peak exercise HR (p<0.01) and negatively correlated to age
(p<0.05), TC levels (p<0.05), and LDL-C levels (p<0.01).
However, there were no correlations between VO, ., and
TG, HDL-C levels, TG/HDL-C ratios, glucose levels, BM,
BMI, %BF, FM, FFM, WC, HC, WHR, SBP, DBP, MAP,
resting HR, or HRR (Table 4).

In dyslipidemic men, VO, ... Was positively correlated to
HDL-C levels (p<0.01) and peak exercise HR (p<0.01) and
negatively correlated to age (p<0.05), TG levels (p<0.05),
LDL-C levels (p<0.05), and %BF (p<0.05). However, there
were no relationships in men between VO, e and TC

levels, TG/HDL-C ratios, glucose levels, BM, BMI, FM,
FFM, WC, HC, WHR, SBP, DBP, MAP, resting HR, or HRR
(Table 4). In women, VO, .. was positively correlated to
resting HR (p<0.05), HRR (p<0.01), and peak exercise HR
(p<0.01) and negatively correlated to age (p<0.05), TG/
HDL-C (p<0.05), and WC (p<0.05). However, VO, ¢, Was
not related to TG, TC, LDL-C, HDL-C, glucose levels, BM,
BMI, %BF, FM, FFM, WC, HC, WHR, SBP, DBP, or MAP
(Table 4).

DISCUSSION

This is the first study demonstrating a significant relation-
ship between aerobic capacity and many CVD risk factors in
normolipidemic and dyslipidemic men and women. Gender
also plays a role in the relationship between aerobic capacity
and a variety of CVD risk factors. In addition, Thai men and
women with dyslipidemia have an impaired aerobic capacity,
as indicated by the VO, ., values measured in this study.

To the best of our knowledge, this is the first study to
explore the relationship between aerobic capacity and
CVD risk factors in both normolipidemic and dyslipidemic
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Table 2. Characteristics of normolipidemic participants

Males Females 95% CI

(n=49) (n=151) Mean difference
Age (years) 483 +£8.2 474+£58 -0.8(-3.61t00.9)
Height (cm) 167.1 £4.9 153.9+4.8 —13.2 (-15.1 to —11.3)
BM (kg) 66.4+8.1 547 +78 —11.7 (-14.9 to —8.6)
BMI (kg/m?) 23.8+2.6 232+32 —0.6 (-1.7 t0 0.6)
BF (%) 28.8+4.8 31.9+£5.2 3.2(1.2t05.1)
FM (kg) 19.4+5.0 17.8 £5.0 -1.6 (-3.6t0 0.4)
FFM (kg) 47.1+4.3 369+3.5 —10.1 (-11.7 to —8.5)
WC (cm) 83.8+75 75.2+9.3 —8.6 (-12.0 to —5.3)
HC (cm) 94.5+39 933+£6.3 -1.3(-3.4t00.8)
WHR 0.89 +0.06 0.80 +0.06 —0.08 (-0.1 to —0.06)
TG (mg/dL) 117.2+40.3 88.3+£28.6™ —28.8 (—42.7 to —15.0)
TC (mg/dL) 199.6 +23.9 198.8 £21.9 —0.7 (-9.8 t0 8.4)
LDL-C (mg/dL) 123.6 +24.5 129.3 +17.7 5.6 (—2.8to 14.1)
HDL-C (mg/dL) 52.2+15.0 51.6 £9.7 —0.6 (-5.6to 4.4)
TG/HDL-C 24+1.2 1.8 £0.7" —0.7 (1.0 to —0.3)
FBG (mg/dL) 80.2+7.8 77.7 +£10.0 —2.5(-6.0t0 0.9)
SBP (mmHg) 120.7 £ 15.1 114.8 +£10.7™ =5.9 (-11.0 to —0.7)
DBP (mmHg) 76.9 +£10.8 72.5+74" —5.1 (-8.5t0 —1.7)
MAP (mmHg) 91.5+11.5 86.6 +7.4™ —4.9 (8.7 to —1.0)
Resting HR (/min) 73.8+9.5 75.3+9.4 1.5(2.2t05.3)
HRR (/min) 27.6+8.0 30.8 £ 8.1 3.2(0.0to 6.4)
VO, peax (mL/kg/min) 242+73 24.1+8.5 —0.2 (3.3 to 3.0)

Values are expressed as mean £+ SD; n = 100 participants (49 males, 51 females).

95% CI: 95% confidence interval, BM: body mass; BMI: body mass index; %BF: percentage of body
fat; FM: fat mass; FFM: fat-free mass; WC: waist circumference; HC: hip circumference; WHR: waist
to hip circumference ratio; TG: triglycerides; TC: total cholesterol; LDL-C: low density lipoprotein
cholesterol; HDL-C: high density lipoprotein cholesterol; FBG: fasting blood glucose; SBP: systolic
blood pressure; DBP: diastolic blood pressure; MAP: mean arterial pressure; HR: heart rate; HRR:
heart rate recovery; VO, peak’ peak oxygen consumption

*Significantly different from men (p < 0.05)
**Significantly different from men (p < 0.01)

participants in their 40s. Previous studies have shown this
relationship in younger people?® 23, patients with diabe-
tes?), overweight and obese??), and African and Western
participants?* 2%, and hypercholesterolemic mice?®). How-
ever, dyslipidemia can be found in older people; therefore,
correlation among normolipidemic and dyslipidemic partici-
pants who are older than 40 years of age should be further
explored to provide useful data for the promotion of health
in a broader age range.

The results of this study show that in female normolip-
idemic and both sexes of dyslipidemic participants, aerobic
capacity decreases with age. This is consistent with previous
studies that have found this relationship in healthy middle-
aged (mean age: 39 years) and older (mean age: 68 years)
male and female participants?”) and healthy males ages 22
to 65 years®®. In addition, no subject in this study had a
relationship between aerobic capacity and FFM and BMIL.
This is supported by the study of Yagura et al'®. This may
indicate that aerobic capacity was not influenced by skeletal
muscle mass but rather by lipid profiles among the middle-
aged normolipidemic and dyslipidemic Thai participants in

this study. However, a previous study reported the opposite
results, showing that obesity indicated by BMI was indepen-
dently associated with coronary endothelial dysfunction in
patients with normal or mildly diseased coronary arteries®?).
This implies that BMI is also independently related to aero-
bic capacity.

Interestingly, these relationships are not only rooted in
lipid abnormality but also hemodynamics and obesity in our
dyslipidemic study population. The mechanism behind these
relationships may be the effect of loss of endothelial derived
nitric oxide (EDNO) owing to abnormal lipid profiles, result-
ing in reduced exercise-induced nitric oxide production®.
This decreased endothelial vasodilation decreases blood
flow and increases blood pressure. In addition, maximal
exercise reduces vasodilation via exercise-induced oxidative
stress®). Capillary volume and surface area are not matched
to maximal oxygen demand?”. Thus, if both of these
mechanisms decrease oxygen transport capacity of the vas-
culature, either at the peripheral vasculature or by centrally
affecting the heart, the effect could be a decrease in aerobic
capacity. Another possible explanation could be the effect
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Males Females 95% C1

(n=52) (n=52) Mean difference
Age (years) 48.0+6.3 470+ 6.4 -1.0 (3.4 to 1.5)
Height (cm) 165.5+6.1 153.5 + 4.5* —12.0 (-14.1 to —9.9)
BM (kg) 67.0£9.3 56.7+10.4 -10.3 (-14.2 to —6.5)
BMI (kg/m?) 244425 23.9+3.6 -0.5(-1.7t0 0.7)
%BF 28.3+6.1 32.5+4.1 4.2 (2.2t06.3)
FM (kg) 19.2+57 187+5.6 -0.5(2.7t0 1.7)
FFM (kg) 478 £57 38.0+5.5 1.1 (-12.0 to =7.6)
WC (cm) 84.8+6.5 774 +£8.8" =74 (-10.4 to —4.4)
HC (cm) 947+5.8 953+79 0.6 (—2.1t03.3)
WHR 0.89 +0.01 0.81 +0.01 —0.09 (-0.1 to —0.07)
TG (mg/dL) 214.5 + 113.0 134.8 £ 76.8" —79.7 (-117.3 to —42.1)
TC (mg/dL) 236.4+£42.7 2457 +40.7 9.3 (6.9 t0 25.5)
LDL-C (mg/dL) 138.1 £54.8 165.9 £ 39.6 27.8 (9.2 t0 46.4)
HDL-C (mg/dL) 52.0+19.6 52.8+£15.2 0.8 (—6.1 to 7.6)
TG/HDL-C 4.8+£4.0 27+1.7 —2.1(-3.3t0-0.9)
FBG (mg/dL) 80.3+7.0 78.5+9.4 -1.7 (4.9 t0 L.5)
SBP (mmHg) 1237+ 14.0 114.6 £ 147 —9.1 (-14.7to -3.5)
DBP (mmHg) 80.2 £10.0 72.5+89 1.7 (-11.3 to —4.0)
MAP (mmHg) 94.7 £10.2 86.5+9.5 —8.2 (-12.0to —4.4)
Resting HR (/min) 77.3 £10.1 78.2+9.9 0.9 (3.0 to 4.8)
HRR (/min) 26.9£8.2 28.5+8.1 1.6 (-1.5t0 4.8)
VO, peax (mL/kg/min) 22.2+8.8 19.8+7.2 —2.5(-5.6t00.7)

Values are expressed as mean + SD; n = 104 participants (52 males, 52 females)

95% CI: 95% confidence interval, BM: body mass; BMI: body mass index; %BF: percentage of body
fat; FM: fat mass; FFM: fat-free mass; WC: waist circumference; HC: hip circumference; WHR: waist
to hip ratio; TG: triglycerides; TC: total cholesterol; LDL-C: low density lipoprotein cholesterol; HDL-
C: high density lipoprotein cholesterol; FBG: fasting blood glucose; SBP: systolic blood pressure;
DBP: diastolic blood pressure; MAP: mean arterial pressure; HR: heart rate; HRR: heart rate recovery;

VO, peak: Peak 0xygen consumption
*Significantly different from men (p<0.05)

of high plasma cholesterol, which decreases oxyhemoglob
in content via decreasing erythrocyte membrane fluidity and
its permeability to O,. Decreased oxyhemoglobin content
would contribute to a reduction of O, tissue supply resulting
in reduced aerobic capacity, as seen in this study.

The lipid profiles, hemodynamic and obesity measure-
ments shown in this study appear to be useful tools to
indirectly evaluate the performance of cardiopulmonary
systems>% 3D, which could additionally contribute to pre-
dicting prognosis and all-cause mortality in patients with
CVD. In addition, although the atherosclerotic process
was not monitored in this study, the significant correlations
found suggest the usefulness of lipid profiles to determine
cardiopulmonary function. This may assist medical staff in
prescribing exercise regimens that improve cardiopulmo-
nary function, effectively preventing CVD in individuals
with dyslipidemia.

Surprisingly, though there was no difference in an-
thropometry between normolipidemic and dyslipidemic
participants, the relationship between aerobic capacity and
anthropometry was found to be different between these
participants. There was no relationship to anthropometry

in normolipidemic participants, but this relationship was
found in dyslipidemic participants, which may be owing
to normal cardiorespiratory and anthropometry values in
normolipidemic participants. Moreover, this may imply that
lipid parameters play more of a role than anthropometry in
cardiorespiratory fitness. Additionally, because obesity is
an independent risk factor for CVD3% 3D, the relationship
may be absent in a normolipidemic state but present in a
dyslipidemic state.

Dyslipidemic participants had a lower VO, ., than nor-
molipidemic participants (p<0.01). In normolipidemic male
participants, VO, ., Was positively correlated with levels
of HDL-C and negatively correlated with levels of LDL-C
and TG/HDL-C ratios, whereas in female participants,VO,,
peak Was negatively correlated with age, TC, and LDL-C.
In dyslipidemic male participants, VO, e Was posi-
tively correlated with HDL-C levels and negatively corre-
lated with age, LDL-C and TG levels, and %BF; in female
participants,VO, ., Was positively correlated with resting
HR and HRR and negatively correlated with age, TG/HDL-
C, and WC. Although there was a low correlation coefficient
in some lipid profiles, such as for LDL-C and TG, these
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Table 4. Correlations between VO, ., and cardiovascular risk factors in participants with

normolipidemia and dyslipidemia

Normolipidemia Dyslipidemia

Males Females Males Females

n=49) (n=151) n=52) (n=52)
Age (years) -0.15 —-0.34" -0.30* —-0.33*
TG (mg/dL) —-0.16 —-0.02 -0.29* -0.23
TC (mg/dL) 0.06 -0.31" 0.05 0.11
LDL-C (mg/dL) -0.29* —0.49"* -0.36" —0.01
HDL-C (mg/dL) 0.53"* 0.15 0.48"* 0.24
TG/HDL-C —0.45%" —-0.14 -0.09 -0.32"
FBG (mg/dL) -0.08 —-0.04 -0.13 -0.09
BM (kg) -0.03 -0.17 —-0.04 —-0.06
BMI (kg/m?) —-0.04 —-0.12 —-0.08 —-0.20
%BF -0.02 —-0.19 —-0.30" —-0.03
FM (kg) 0.02 —0.18 0.16 —-0.08
FFM (kg) 0.08 —0.11 -0.22 —0.11
WC (cm) —-0.12 —-0.07 -0.07 —-0.31*
HC (cm) 0.06 —-0.07 —-0.03 -0.27
WHR -0.19 —-0.08 -0.07 —-0.14
SBP (mmHg) 0.15 0.03 0.06 0.01
DBP (mmHg) 0.19 —-0.13 0.17 0
MAP (mmHg) 0.19 —-0.07 0.12 0.02
Resting HR (/min) -0.02 0.19 0.06 0.32*
Peak HR (/min) 0.67"* 0.52** 0.76" 0.64*"
HRR (/min) 0.24 0.13 0.19 0.37"*

Values are expressed as correlation coefficient (r)

BM: body mass; BMI: body mass index; %BF: percentage of body fat; FM: fat mass; FFM:
fat-free mass; WC: waist circumference; HC: hip circumference; WHR: waist to hip circumfer-
ence ratio; TG: triglycerides; TC: total cholesterol; LDL-C: low density lipoprotein cholesterol;
HDL-C: high density lipoprotein cholesterol; FBG: fasting blood glucose; SBP: systolic blood
pressure; DBP: diastolic blood pressure; MAP: mean arterial pressure; HR: heart rate; HRR:
heart rate recovery; VO, peqx: peak oxygen consumption

*Correlation is significant at the 0.05 level (p<0.05)

**Correlation is significant at the 0.01 level (p<0.01)

parameters are still useful. These lipid profiles themselves
can be used to indicate CVD risk because they have been
shown to be related to CVD risk?.

A strength of this study was that VO, . was directly
measured by gas analysis using graded maximal exercise.
The test was performed by strictly following exercise termi-
nation criteria. Therefore, the aerobic capacity determined
by VO, peax in this study is valid.

A limitation of this study was the assessment of body
composition, such as %BF, which was assessed by mea-
suring skin fold thickness and then calculating fat mass.
However, the reliability of measurements was controlled by
keeping coefficient of variation to less than 3%.

A further study investigating mechanisms of the gender
effect on relationships between aerobic capacity and CVD
risk factors in a dyslipidemic Thai population may be
worthwhile. The results of this study suggest that there are
relationships between aerobic capacity and many CVD risk
factors in normolipidemic and dyslipidemic Thai men and
women, and that sex plays a role in defining the relationships
in both groups.

ACKNOWLEDGEMENTS

This study was supported by a grant from the National
Research Council of Thailand (NRCT) and was partially
supported by the Exercise and Sport Sciences Research and
Development Group, Khon Kaen University. We thank the
Queen Sirikit Heart Center of Northeast Thailand for their
kind assistance in using their laboratory. We thank Profes-
sor Yukifumi NAWA for his skilled proofing of this manu-
script. We also would like to thank all research participants
for their enthusiastic participation.

REFERENCES

1) Ferdinand KC: The importance of aggressive lipid management in patients
at risk: evidence from recent clinical trials. Clin Cardiol, 2004, 27: 11112—
II115. [Medline] [CrossRef]

2) Watkins LO: Epidemiology and burden of cardiovascular disease. Clin
Cardiol, 2004, 27: TI12—-1116. [Medline] [CrossRef]

3) DavignonJ, Gregg RE, Sing CF: Apolipoprotein E polymorphism and ath-
erosclerosis. Arteriosclerosis, 1988, 8: 1-21. [Medline] [CrossRef]

4)  Gordon DJ, Knoke J, Probstfield JL, et al.: High-density lipoprotein cho-


http://www.ncbi.nlm.nih.gov/pubmed/15239486?dopt=Abstract
http://dx.doi.org/10.1002/clc.4960271505
http://www.ncbi.nlm.nih.gov/pubmed/15239484?dopt=Abstract
http://dx.doi.org/10.1002/clc.4960271503
http://www.ncbi.nlm.nih.gov/pubmed/3277611?dopt=Abstract
http://dx.doi.org/10.1161/01.ATV.8.1.1

5)

6)

7

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

lesterol and coronary heart disease in hypercholesterolemic men: the Lipid
Research Clinics Coronary Primary Prevention Trial. Circulation, 1986,
74: 1217-1225. [Medline] [CrossRef]

Gotto AM Jr, Brinton EA: Assessing low levels of high-density lipoprotein
cholesterol as a risk factor in coronary heart disease: a working group re-
port and update. ] Am Coll Cardiol, 2004, 43: 717-724. [Medline] [Cross-
Ref]

Zinellu A, Sotgia S, Scanu B, et al.: S-homocysteinylated LDL apolipopro-
tein B adversely affects human endothelial cells in vitro. Atherosclerosis,
2009, 206: 40—46. [Medline] [CrossRef]

Schindler TH, Nitzsche EU, Schelbert HR, et al.: Positron emission tomog-
raphy-measured abnormal responses of myocardial blood flow to sympa-
thetic stimulation are associated with the risk of developing cardiovascular
events. J Am Coll Cardiol, 2005, 45: 1505-1512. [Medline] [CrossRef]
Schichinger V, Britten MB, Zeiher AM: Prognostic impact of coronary
vasodilator dysfunction on adverse long-term outcome of coronary heart
disease. Circulation, 2000, 101: 1899-1906. [Medline] [CrossRef]

Ceci R, Beltran Valls MR, Duranti G, et al.: Oxidative stress responses to
a graded maximal exercise test in older adults following explosive-type
resistance training. Redox Biol, 2013, 2C: 65-72. [Medline]

Esposito F, Mathieu-Costello O, Shabetai R, et al.: Limited maximal ex-
ercise capacity in patients with chronic heart failure: partitioning the con-
tributors. J Am Coll Cardiol, 2010, 55: 1945-1954. [Medline] [CrossRef]
Eisenmann JC, Katzmarzyk PT, Perusse L, et al.: Aerobic fitness, body
mass index, and CVD risk factors among adolescents: the Québec family
study. Int J Obes, 2005, 29: 1077-1083. [Medline] [CrossRef]

Cohn JN, Johnson GR, Shabetai R, et al.: Ejection fraction, peak exercise
oxygen consumption, cardiothoracic ratio, ventricular arrhythmias, and
plasma norepinephrine as determinants of prognosis in heart failure. The
V-HeFT VA Cooperative Studies Group. Circulation, 1993, 87: VI5-VII6.
[Medline]

Panteli¢ S, Popovi¢ M, Miloradovi¢ V, et al.: Effects of short-term exercise
training on cardiorespiratory fitness of male adults with myocardial infarc-
tion. J Phys Ther Sci, 2013, 25: 929-935. [Medline] [CrossRef]

Kim DY, Seo BD, Kim DJ: Effect of walking exercise on changes in car-
diorespiratory fitness, metabolic syndrome markers, and high-molecular-
weight adiponectin in obese middle-aged women. J Phys Ther Sci, 2014,
26: 1723-1727. [Medline] [CrossRef]

Yagura C, Takamura N, Goto Y, et al.: Cardiorespiratory fitness and meta-
bolic markers in healthy young adult men. J Phys Ther Sci, 2011, 23: 845—
849. [CrossRef]

Mesa JL, Ruiz JR, Ortega FB, et al.: Aerobic physical fitness in relation to
blood lipids and fasting glycaemia in adolescents: influence of weight sta-
tus. Nutr Metab Cardiovasc Dis, 2006, 16: 285-293. [Medline] [CrossRef]
Borodulin K, Laatikainen T, Lahti-Koski M, et al.: Associations between
estimated aerobic fitness and cardiovascular risk factors in adults with dif-

18)

19)

20

=

21)

22

-

23

=

24

=

25)

26)

27

=

28

=

29

=

30

=

31)

3509

ferent levels of abdominal obesity. Eur J Cardiovasc Prev Rehabil, 2005,
12: 126-131. [Medline]

Sui X, LaMonte MJ, Laditka JN, et al.: Cardiorespiratory fitness and
adiposity as mortality predictors in older adults. JAMA, 2007, 298: 2507—
2516. [Medline] [CrossRef]

Faselis C, Doumas M, Pittaras A, et al.: Exercise capacity and all-cause
mortality in male veterans with hypertension aged >70 years. Hyperten-
sion, 2014, 64: 30-35. [Medline] [CrossRef]

Fardy PS, Azzollini A, Magel JR, et al.: Gender and ethnic differences in
health behaviors and risk factors for coronary disease among urban teen-
agers: the PATH program. J Gend Specif Med, 2000, 3: 59-68. [Medline]
Cheong KC, Ghazali SM, Hock LK, et al.: The discriminative ability of
waist circumference, body mass index and waist-to-hip ratio in identify-
ing metabolic syndrome: variations by age, sex and race. Diabetes Metab
Syndr, 2015, 9: 74-78. [Medline] [CrossRef]

Jekal Y, Kim ES, Im JA, et al.: Interaction between fatness and fitness on
CVD risk factors in Asian youth. Int J Sports Med, 2009, 30: 733-740.
[Medline] [CrossRef]

Austin A, Warty V, Janosky J, et al.: The relationship of physical fitness to
lipid and lipoprotein(a) levels in adolescents with IDDM. Diabetes Care,
1993, 16: 421-425. [Medline] [CrossRef]

Gaillard TR, Sherman WM, Devor ST, et al.: Importance of aerobic fit-
ness in cardiovascular risks in sedentary overweight and obese African-
American women. Nurs Res, 2007, 56: 407—415. [Medline] [CrossRef]
Brown TE, Myles WS, Allen CL: The relationship between aerobic fitness
and certain cardiovascular risk factors. Aviat Space Environ Med, 1983,
54: 543-547. [Medline]

Niebauer J, Maxwell AJ, Lin PS, et al.: Impaired aerobic capacity in hyper-
cholesterolemic mice: partial reversal by exercise training. Am J Physiol,
1999, 276: H1346-H1354. [Medline]

Posner JD, Gorman KM, Klein HS, et al.: Ventilatory threshold: measure-
ment and variation with age. J Appl Physiol 1985, 1987, 63: 1519-1525.
[Medline]

Cunningham DA, Nancekievill EA, Paterson DH, et al.: Ventilation
threshold and aging. J Gerontol, 1985, 40: 703—707. [Medline] [CrossRef]
Vock R, Weibel ER, Hoppeler H, et al.: Design of the oxygen and substrate
pathways. V. Structural basis of vascular substrate supply to muscle cells.
J Exp Biol, 1996, 199: 1675-1688. [Medline]

Hubert HB, Feinleib M, McNamara PM, et al.: Obesity as an independent
risk factor for cardiovascular disease: a 26-year follow-up of participants
in the Framingham Heart Study. Circulation, 1983, 67: 968-977. [Medline]
[CrossRef]

Al SuwaidiJ, Higano ST, Holmes DR Jr, et al.: Obesity is independently as-
sociated with coronary endothelial dysfunction in patients with normal or
mildly diseased coronary arteries. J Am Coll Cardiol, 2001, 37: 1523-1528.
[Medline] [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/3536151?dopt=Abstract
http://dx.doi.org/10.1161/01.CIR.74.6.1217
http://www.ncbi.nlm.nih.gov/pubmed/14998606?dopt=Abstract
http://dx.doi.org/10.1016/j.jacc.2003.08.061
http://dx.doi.org/10.1016/j.jacc.2003.08.061
http://www.ncbi.nlm.nih.gov/pubmed/19249051?dopt=Abstract
http://dx.doi.org/10.1016/j.atherosclerosis.2009.01.035
http://www.ncbi.nlm.nih.gov/pubmed/15862426?dopt=Abstract
http://dx.doi.org/10.1016/j.jacc.2005.01.040
http://www.ncbi.nlm.nih.gov/pubmed/10779454?dopt=Abstract
http://dx.doi.org/10.1161/01.CIR.101.16.1899
http://www.ncbi.nlm.nih.gov/pubmed/25460722?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20430267?dopt=Abstract
http://dx.doi.org/10.1016/j.jacc.2009.11.086
http://www.ncbi.nlm.nih.gov/pubmed/15917844?dopt=Abstract
http://dx.doi.org/10.1038/sj.ijo.0802995
http://www.ncbi.nlm.nih.gov/pubmed/8500240?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24259887?dopt=Abstract
http://dx.doi.org/10.1589/jpts.25.929
http://www.ncbi.nlm.nih.gov/pubmed/25435686?dopt=Abstract
http://dx.doi.org/10.1589/jpts.26.1723
http://dx.doi.org/10.1589/jpts.23.845
http://www.ncbi.nlm.nih.gov/pubmed/16679221?dopt=Abstract
http://dx.doi.org/10.1016/j.numecd.2006.02.003
http://www.ncbi.nlm.nih.gov/pubmed/15785297?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18056904?dopt=Abstract
http://dx.doi.org/10.1001/jama.298.21.2507
http://www.ncbi.nlm.nih.gov/pubmed/24821944?dopt=Abstract
http://dx.doi.org/10.1161/HYPERTENSIONAHA.114.03510
http://www.ncbi.nlm.nih.gov/pubmed/11253248?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/25819369?dopt=Abstract
http://dx.doi.org/10.1016/j.dsx.2015.02.006
http://www.ncbi.nlm.nih.gov/pubmed/19774501?dopt=Abstract
http://dx.doi.org/10.1055/s-0029-1224173
http://www.ncbi.nlm.nih.gov/pubmed/8432211?dopt=Abstract
http://dx.doi.org/10.2337/diacare.16.2.421
http://www.ncbi.nlm.nih.gov/pubmed/18004187?dopt=Abstract
http://dx.doi.org/10.1097/01.NNR.0000299851.67676.34
http://www.ncbi.nlm.nih.gov/pubmed/6882315?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10199861?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3693190?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4056326?dopt=Abstract
http://dx.doi.org/10.1093/geronj/40.6.703
http://www.ncbi.nlm.nih.gov/pubmed/8708575?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6219830?dopt=Abstract
http://dx.doi.org/10.1161/01.CIR.67.5.968
http://www.ncbi.nlm.nih.gov/pubmed/11345360?dopt=Abstract
http://dx.doi.org/10.1016/S0735-1097(01)01212-8

