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Abstract

A novel automatic escalator was designed, constructed and used in the present investigation. The aim of the present
investigation was to compare the effect of two repeated sessions of stair descending versus stair ascending exercise on
muscle performance and health-related parameters in young healthy men. Twenty males participated and were randomly
divided into two equal-sized groups: a stair descending group (muscle-damaging group) and a stair ascending group (non-
muscle-damaging group). Each group performed two sessions of stair descending or stair ascending exercise on the
automatic escalator while a three week period was elapsed between the two exercise sessions. Indices of muscle function,
insulin sensitivity, blood lipid profile and redox status were assessed before and immediately after, as well as at day 2 and
day 4 after both exercise sessions. It was found that the first bout of stair descending exercise caused muscle damage,
induced insulin resistance and oxidative stress as well as affected positively blood lipid profile. However, after the second
bout of stair descending exercise the alterations in all parameters were diminished or abolished. On the other hand, the stair
ascending exercise induced only minor effects on muscle function and health-related parameters after both exercise bouts.
The results of the present investigation indicate that stair descending exercise seems to be a promising way of exercise that
can provoke positive effects on blood lipid profile and antioxidant status.
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Introduction

Eccentric muscle action occurs when the muscle unsuccessfully

resists elongation, acting as a brake (e.g., when the muscle

lengthens to lower a load), thus, it is apparent that most daily life

activities contain eccentric muscle actions. However, eccentric

actions lead to physiological muscle damage, a non-permanent

condition that typically begins approximately 6 hours after

unaccustomed exercise, peak at 123 days and subside 4 to 7

days after exercise [1]. However, skeletal muscle has the ability to

adapt rapidly in eccentric exercise and thus muscle damage is

substantially reduced when the same type of exercise is performed

several weeks later [1], a phenomenon known as the ‘‘repeated

bout effect’’ [2].

Recently, an eccentric exercise model has been suggested by our

group as a form of physical activity that may improve muscle

performance and induce several health-promoting adaptations

[3,4,5,6,7]. Indeed, acute eccentric exercise induced favourable

changes in blood lipid profile [3] probably due to the replenish-

ment of muscle phospholipid and triacylglycerol (TG) stores with

fatty acids for the regeneration of damaged muscle fibers [8,9,10].

Moreover, the higher levels of resting energy expenditure [5,11]

and fat oxidation [5] found after muscle damaging exercise could

be attributed to the decreased levels of serum TG. Exercise

induced muscle damage also was found to decrease insulin

sensitivity, which was hypothesized to be mediated by tumor

necrosis factor alpha, released from inflammatory cells as a result

of the disruptions to cellular integrity [12,13]. Additionally,

investigations from our group demonstrated that acute eccentric

exercise may alter redox homeostasis [14,15] due to the fact that

muscle damage triggers phagocyte infiltration into muscle and

generation of free radicals [16,17,18]. On the other hand, chronic

eccentric exercise has been found to increase muscle performance

[6,7] and improve insulin sensitivity [6] probably because of the

absence of muscle damage due to the adaptations taking place in

skeletal muscle after repeated bouts of eccentric exercise [6,15].

In the aforementioned studies, eccentric exercise induced by

using an isokinetic dynamometer. However, the exercise per-

formed on the isokinetic dynamometer had a number of

limitations: i) the eccentric actions were performed isokinetically

whereas most physiological body movements involve isotonic

muscle contractions, ii) the eccentric actions were applied on

isolated muscle groups whereas real life activities mobilize several
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muscle groups, iii) the intensity of eccentric actions were maximal

instead of the moderate intensity required for most daily activities,

iv) the eccentric actions induced severe muscle damage accompa-

nied by pain and reduced functional ability much higher than

those induced by most types of physical activity, v) the eccentric

actions were performed by extending the knee against the force

arm of the dynamometer, a movement that does not mimic

adequately normal human movements, vi) the isokinetic dyna-

mometer is a specialized device that is only available in universities

and rehabilitation centers.

Considering these limitations, and in order to investigate

whether the benefits of pure eccentric exercise can be transferred

to daily activities, a new and friendlier way to perform eccentric

exercise had to be invented. To this end, we have proceeded to the

design, development and construction of an automatic escalator,

offering both stair descending (eccentric-biased) and stair ascend-

ing (concentric-biased) exercise (Fig. 1). Therefore, the aim of this

study was to compare the effect of two repeated sessions of stair

descending versus stair ascending exercise on muscle performance,

insulin sensitivity, blood lipid profile and redox status in young

healthy men.

Methods

Ethics Statement
A written informed consent to participate in the study was

provided by all participants after the volunteers were informed

of all risks, discomforts and benefits involved in the study. The

procedures were in accordance with the Helsinki declaration of

1975, as revised in 2000, and approval was received from the

Research Ethics Committee of the European University Cyprus.

Subjects
Twenty healthy males participated in this study and were

randomly divided into two equal-sized groups: a stair descending

group (muscle-damaging group; n = 10) and a stair ascending

group (non-muscle-damaging group; n = 10) (Table 1). The

subjects participated in low intensity leisure activities (such as

jogging, swimming and dancing) two to three times per week for

less than three hours per week. Subjects had no experience with

muscle damaging exercise for at least 6 months before the study

and were not taking any medications, oral contraceptives or

dietary supplements during the study period and one month

before the initiation of the experiment. They were instructed to

abstain from strenuous exercise for 7 days before exercise, during

data collection and the interim period between the two exercise

sessions. Finally, all volunteers were asked not to modify their

usual way of life (including physical activity) in any aspect during

the study period.

Study Design
Each group of volunteers performed two sessions of stair

descending or stair ascending exercise on the automatic escalator.

Between the two exercise sessions, a three week period was

elapsed. The exercise protocols were undertaken by all partici-

pants. All physiologic and biochemical measurements were

determined before, immediately after as well as at day 2 and

day 4 after exercise. Creatine kinase (CK) activity was determined

at the same time-points except for immediately after exercise. All

measurements and blood samplings were performed after both

exercise bouts between 8:00 and 10:00 a.m. after an overnight fast

and having abstained from alcohol and caffeine for 24 h. In each

of the two exercise sessions, volunteers had to accomplish five sets

of 5 min of stair descending or stair ascending exercise on an

automatic escalator. The speed was set at 60 stairsNmin21 and the

total number of steps undertaken during each exercise session were

Figure 1. The automatic escalator device was invented, designed and constructed by our group and it is the first of its kind offering
both stair descending (eccentric-biased) and stair ascending (concentric-biased) exercise.
doi:10.1371/journal.pone.0056218.g001
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1500 steps for both groups. Stair height was 20.5 mm. A 3-min

interval was incorporated between sets. Each subject was

familiarised with the experimental set up at least 5 days before

the experimental procedures. This familiarization procedure

involved 3 min at low speed (40 stairsNmin21) of stair descending

or stair ascending exercise on an automatic escalator.

The average of the heart rate during the last minute of the last

set for each subject was recorded and used for the statistical

analysis. Heart rate was monitored and recorded by telemetry

(Tester S610i; Polar, Electro Oy, Finland). Similarly, at the end of

exercise session, rating of perceived exertion was evaluated using

the Borg’s scale from 6 (very, very light) to 20 (very, very hard)

(Borg 1970). The escalator used in the study has been design,

developed and built from our group after receiving a grant from

the Cyprus Research Promotion Foundation. This electronic

escalator offers both stair descending and stair ascending exercise.

It is worth mentioning that there is no similar exercise device in

the market.

Anthropometric Measurements
During their first visit, body mass was measured to the nearest

0.5 kg (Beam Balance 710; Seca, Birmingham, UK) with subjects

wearing their underclothes and barefooted. Standing height was

measured to the nearest 0.5 cm (Stadiometer 208; Seca, Birming-

ham, UK). Percentage body fat was calculated (the Siri skinfold

equation was used) from seven skinfold measures (average of two

measurements of each site) using a Harpenden caliper (John Bull,

England).

Muscle Function and Performance
An isokinetic dynamometer (Cybex, Ronkonkoma, NY, USA)

was used for the measurement of isometric knee extensor peak

torque at 90u knee flexion. The isokinetic dynamometer was

calibrated weekly according to the manufacturer’s instructions.

The evaluation of isometric peak torque was undertaken from the

seated position (120u hip angle) and the subjects’ position was

recorded for the follow-up measurements. Their lateral femoral

condyle was aligned to the axis of rotation of the dynamometer

while the ankle cuff was attached proximally to the lateral

malleolus. Gravitational corrections were made to account for the

effect of limb weight on torque measurements. Feedback of the

torque produced was automatically provided by the dynamometer.

During the pre-eccentric exercise evaluation of muscle perfor-

mance both legs were assessed separately and the strongest one

defined as the dominant and used in the follow-up measurements.

The average of the 3 best maximal voluntary contractions with the

dominant leg was recorded. To ensure that the subjects provided

their maximal effort, the measurements were repeated if the

difference between the lower and the higher torque values

exceeded 10%. There was a 2-min rest between isometric efforts.

The test-retest reliability of the isometric peak torque measure-

ment was 0.97. Prior to each exercise session, subjects performed a

warm-up consisting of eight-min cycling on a Monark cycle

ergometer (Vansbro, Sweden) at 70 rpm and 50 W followed by

five-min of ordinary stretching exercises of the major muscle

groups of the lower limbs. The assessment of pain-free range of

motion (ROM) was performed manually. From the seated position

on the isokinetic dynamometer, the investigator moved the calf at

a very low angular velocity from knee extension (0u knee angle) to

the position where the subject felt any discomfort. The angle was

recorded to indicate the end of the pain-free ROM. The test-retest

reliability of the ROM measurement was 0.94. Additionally, each

subject assessed delayed onset muscle soreness (DOMS) during a

squat movement (90u knee flexion), and perceived soreness was

rated on a scale ranging from 1 (normal) to 10 (very sore). The test-

retest reliability of the DOMS measurement was 0.94.

Blood Collection and Handling
Blood was collected into EDTA-containing tubes and centri-

fuged immediately at 1370 g for 10 min at 4uC, and the plasma

was collected. The packed erythrocytes were lysed with 1:1 (v:v)

distilled water, inverted vigorously and centrifuged at 4000 g for

15 min at 4uC. Blood samples were stored in multiple aliquots at –

80uC and thawed only once before analysis. All blood samples

were drawn in the morning after the subjects had fasted overnight

and abstained from caffeine and alcohol for 3 days before

sampling.

Blood Chemistry
Triacylglycerols (TG) and total cholesterol (TC) were assayed by

enzymic spectrophotometric methods by reagent kits from

Zafiropoulos (Athens, Greece). High-density lipoprotein cholester-

ol (HDL) was determined the same as TC after precipitation of

very low density and low density lipoproteins with a reagent from

Zafiropoulos (Athens, Greece). Creatine kinase (CK), uric acid and

bilirubin were assayed using a kit from Zafiropoulos (Athens,

Greece). These biochemical parameters were determined in

triplicate with simultaneous use of a control serum from Roche

(Mannheim, Germany). Each parameter was assayed on a single

day to eliminate inter-assay variability. Low-density lipoprotein

cholesterol (LDL) was calculated according to the following

equation: LDL = TC-HDL-(TG/5) [19]. TC/HDL (considered

an atherogenic index) was also calculated. Plasma glucose was

assayed by the enzymic spectrophotometric method with a reagent

kit from Zafiropoulos (Athens, Greece). The Insulin was deter-

mined by enzyme immunoassay using kit from DRG (Marburg,

Germany). The homeostasis model assessment (HOMA) was used

as a surrogate measure of insulin resistance and was calculated as

fasting insulin (mU/mL) 6 fasting glucose (mmoI/L)/22.5.

Reduced glutathione (GSH), oxidized glutathione (GSSG),

thiobarbituric acid–reactive substances (TBARS), protein carbon-

Table 1. Body composition and analysis of daily energy
intake of stairs descending and ascending group in the first
and in the second bout of exercise (mean 6 SEM).

Descending group Ascending group

Bout 1 Bout 2 Bout 1 Bout 2

Age (years) 27.361.3 25.661.3

Height (cm) 17662.0 17861.7

Body mass (kg) 74.561.3 75.661.4 77.361.5 77.561.4

Body fat (%) 13.262.2 13.662.2 13.662.1 13.462.0

Fat-free mass (kg) 64.360.9 65.362.1 66.661.4 67.161.9

Energy (kcal) 2525678 2471685 2683692 2506676

Carbohydrate (% energy)58.161.4 58.461.3 57.761.8 57.261.4

Fat (% energy) 23.560.9 23.160.7 24.560.7 24.960.6

Protein (% energy) 18.461.8 18.561.3 17.861.2 17.961.3

Vitamin A (mg, RE) 1.0660.12 1.0860.11 1.0860.13 1.1060.11

Vitamin C (mg) 125612 131614 122611 122612

Vitamin E (mg, .-TE) 9.160.8 8.861.2 9.561.5 9.361.1

Selenium (Kg) 42.462.7 40.463.1 44.363.2 44.163.0

RE, retinol equivalents; .-TE, alpha-tocopherol equivalents.
doi:10.1371/journal.pone.0056218.t001
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yls, catalase, and total antioxidant capacity (TAC) were measured

as previously described [20]. Albumin was determined spectro-

photometrically based on the formation of a colored complex with

bromocresol green reagent. Each assay was performed in duplicate

and within 4 months of the blood collection.

Figure 2. The effect of the two bouts of descending (filled circles, solid line) and ascending (open circles, dash line) exercise on
torque (A), ROM (B) DOMS (C) and CK (D) (mean ± SEM). *Significantly different from the pre-exercise value in the same session (P,0.05).
#Significant difference between session 1 and session 2 at the same time-point (P,0.05). "Significant difference between ascending and descending
group in the same session at the same time point (P,0.05).
doi:10.1371/journal.pone.0056218.g002
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Dietary Analysis
To control the effect of previous diet on the outcome measures

of the study and establish that after both exercise sessions the

participants had similar levels of macronutrient and micronutrient

intake, they were asked to record their diet for 3 days preceding

the first exercise bout and repeat this diet before the second

exercise bout. A written set of guidelines for monitoring dietary

consumption and a record sheet for recording food intake was

provided to each subject. Diet records were analyzed using the

nutritional analysis system Science Fit Diet 200A (Sciencefit,

Athens, Greece).

Statistical Analysis
The distribution of all dependent variables was examined by

using the Shapiro-Wilk test and was found not to differ

significantly from normality. Differences on physical characteris-

tics between the groups at baseline were examined by using an

unpaired Student’s t test. A three-factor ANOVA [group (stair

descending or ascending)6bout (first or second bout)6time (before

exercise, post exercise, at day 2 and day 4 after exercise)] with

repeated measure on time was used to analyse muscle function,

blood lipids profile, insulin sensitivity and redox status. If a

significant interaction was obtained, pairwise comparisons were

performed by using the Sidak test method. Data are presented as

means 6 SEMs. The level of significance was set at a= 0.05.

Results

Physical Characteristics
There were no significant differences in the physical character-

istics between the subjects of the two groups (Table 1). Energy,

Figure 3. The effect of the two bouts of descending (filled circles, solid line) and ascending (open circles, dash line) exercise on
Insulin (A), glucose (B) and HOMA (C) (mean ± SEM). * Significantly different from the pre-exercise value in the same session (P,0.05).
#Significant difference between session 1 and session 2 at the same time-point (P,0.05). "Significant difference between ascending and descending
group in the same session at the same time point (P,0.05).
doi:10.1371/journal.pone.0056218.g003
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macronutrient and antioxidant intake did not differ between the

two groups (Table 1). For the descending group, the heart rate for

bout 1 and bout 2 was 9568 bpm and 10165 bpm, respectively,

and the rate of exertion on Borg’s scale were 8.560.5 and

8.360.4, respectively. For the ascending group, the heart rate for

bout 1 and bout 2 was 14566 bpm and 14367 bpm, respectively,

and the rate of exertion on Borg’s scale were 12.160.5 and

11.960.3, respectively. Heart rate and Borg’s scale results indicate

the less effort that is needed during stair descending compared to

stair ascending. Plasma volume did not change during the 96-h

post-exercise period (data not shown).

Muscle Function and Performance
Significant time-by-group-by-bout interaction came up only for

ROM [F(1.9,69.9) = 4.286, P = .018] and for DOMS

[F(2.0,71.6) = 6.874, P = .002) while time-by-group interaction was

significant for isometric peak torque [F(2.2,78.3) = 3.950, P = .020],

ROM [F(1.9,69.9) = 11.298, P,.001], DOMS [F(2.0,71.6) = 29.031,

P,.001] as well as CK [F(1.4,51.3) = 8.557, P = .002]. Finally, time-

by-bout interaction was significant for ROM [F(1.9,69.9) = 8.557,

P = .001], DOMS [F(2.0,71.6) = 8.993, P,.001] as well as CK

[F(1.4,51.3) = 9.118, P = .001].

Significant main effect of time came up for all muscle damage

and muscle function parameters [isometric torque:

F(2.2,78.3) = 65.164, P,.001; ROM: F(1.9,69.9) = 55.967, P,.001;

DOMS: F(2.0,71.6) = 70.981, P,.001; CK: F(1.4,51.3) = 35.097,

P,.001], while significant main effect of group and bout came

up for ROM [F(1,36) = 16.467, P,.001 and F(1,36) = 17.280

respectively], DOMS [F(1,36) = 49.383, P,.001 and

F(1,36) = 14.429, P = .001 respectively] and CK [F(1,36) = 10.556,

P = .003 and F(1,36) = 8.451, P = .003 respectively].

In the descending group, bout 1 induced significant alterations

in isometric peak torque, ROM, DOMS and CK indicating that

muscle damage did occur, while these changes were diminished

after bout 2 as a result of the repeated bout effect (Fig. 2). In the

ascending group, bout 1 induced minor alterations in muscle

damage indices while bout 2 did not affect muscle damage indices.

Significant differences between the two groups were observed only

at bout 1 while in the second exercise bout only DOMS was

observed to be higher in the stair descending group compared to

the stair ascending group.

Insulin Sensitivity
Significant time-by-group-by-bout interaction found for insulin

[F(2.3,83.4) = 6.682, P = .001] and HOMA [F(2.1,75.5) = 4.631,

P = .012], significant time-by-group interaction found for glucose

[F(2.4,85.1) = 5.784, P = .003] and HOMA [F(2.1,75.5) = 5.716,

P = .004], while, significant time-by-bout interaction found only

for glucose [F(2.4,85.1) = 4.160, P = .014].

In the stair descending group, bout 1 induced significant

elevations of insulin, glucose and HOMA in plasma at day 2 post

exercise, indicating insulin resistance probably due to the presence

of muscle damage (Fig. 3). In bout 2 the increases in insulin

sensitivity indices were significantly milder compared to bout 1.

Stair ascending group did not affect insulin sensitivity after bout 1

and revealed no differences between the bout 1 and bout 2 of

exercise. Concluding, stair descending exercise systematically

caused greater elevations in insulin sensitivity indices compared

to stair ascending exercise.

Blood Lipid Profile
Significant time-by-group-by-bout interaction appeared for

LDL [F(2.3,83.6) = 3.864, P = .020], TC/HDL [F(2.7,97.9) = 2.944,

P = .042] and for HDL [F(2.8,100.3) = 4.588, P = .006] and signif-

icant time-by-group interaction appeared for TG

[F(2.8,101.8) = 11.649, P,.001], LDL [F(2.3,83.6) = 5.208, P = .005]

and TC/HDL [F(2.7,97.9) = 3.015, P = .038]. Significant main effect

of time found for TG [F(2.8,101.8) = 2.927, P = .040] and LDL

[F(2.3,83.6) = 5.149, P = .005].

The first bout of stair descending exercise revealed positive

alterations in blood lipid profile, as can be judged by the decreased

values of TG, TC, LDL, TC/HDL ratio and the increased values

of HDL (Fig. 4). The second bout of stair descending exercise

caused less and fewer alterations in blood lipid profile compared to

the first bout. The stair ascending exercise did not cause any effect

on blood lipid profile after both bouts of exercise.

Blood Redox Status
Significant time-by-group-by-bout interaction came up for

GSSG [F(2.7,96.1) = 3.023, P = .039], GSH/GSSG ration

[F(2.3,83.9) = 3.898, P = .019], TBARS [F(2.5,89.6) = 7.844, P,.001]

and for TAC [F(2.5,90.0) = 4.727, P = .007], significant time-by-

group interaction came up for protein carbonyls [F(2.7,96.4) = 7.006,

P,.001], TBARS [F(2.5,89.6) = 6.649, P = .001], uric acid

[F(2.8,100.5) = 18.229, P,.001] and bilirubin [F(2.8,100.1) = 4.950,

P = .004] and finally, significant time-by-bout interaction came up

for protein carbonyls [F(2.7,96.4) = 3.336, P = .027], uric acid

[F(2.8,100.5) = 3.787, P = .015] and bilirubin [F(2.8,100.1) = 3.437,

P = .023]. Significant main effect of time came up for TBARS

[F(2.5,89.6) = 8.024, P,.001], TAC [F(2.5,90.0) = 5.983, P = .002],

uric acid [F(2.8,100.5) = 9.192, P,.001] and bilirubin

[F(2.8,100.1) = 6.130, P = .001].

Stair descending exercise caused alterations (though mostly non-

significant) in glutathione status after bout 1 as indicated by the

decreased GSH, the increased GSSG and the decreased ratio of

GSH/GSSG while these alterations were lower after bout 2

(Table 2). Stair ascending exercise did not induce any alterations

in glutathione status. Protein carbonyls and TBARS significantly

elevated in the stair descending group after bout 1, while no

significant elevation was observed after bout 2. Stair ascending

exercise did not modify the levels of protein carbonyls and TBARS

after both bouts of exercise. The significant differences found in

protein carbonyls and TBARS between the two groups indicate

that descending group caused greater protein and lipid oxidation

compared to the stair ascending group. Finally, stair descending

exercise caused significant elevation in TAC and uric acid after

bout 1, however, this elevation was milder after bout 2. Stair

ascending exercise did not cause any alterations in TAC and uric

acid after both exercise bouts. Neither type of stair exercise caused

any significant alteration in albumin irrespective of the exercise

bout while bilirubin in the bout 1 of the descending group found to

be significant elevated at day 2 compared to the pre exercise values

which was also significant different compared with the bout 2.

Discussion

Mobility problems in the aged may lead to falls, which in turn

may result in hip fractures [21]. The majority of falls occur while

negotiating stairs, especially during stair descending [22], while the

Figure 4. The effect of the two bouts of descending (filled circles, solid line) and ascending (open circles, dash line) exercise on TG
(A), TC (B) HDL (C) and LDL (D) concentration as well as TC/HDL (E) ratio (mean ± SEM). *Significantly different from the pre-exercise value
in the same session (P,0.05). #Significant difference between session 1 and session 2 at the same time-point (P,0.05).
doi:10.1371/journal.pone.0056218.g004
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United States Department of Health and Human Services suggests

that physical activity can lower the risk of falls [23,24]. One of the

main mobility challenges facing older individuals are the fear of

stair ascending and, particularly, stair descending negotiation. In

order to help people dealing with these fears, an automatic

escalator was designed, constructed and used in the present

investigation. The high safety standards and the friendly use are

the main advantages of the device. The novelty feature of this

automatic escalator is its capability to move in both directions (i.e.,

stair descending and stair ascending exercise). Therefore, the main

aim of the present investigation was to compare the effect of two

repeated sessions of stair descending versus stair ascending exercise

on muscle performance, insulin sensitivity, blood lipid profile and

blood redox status in young healthy men. It was found that the

first bout of stair descending exercise caused muscle damage,

insulin resistance and affected positively blood lipid profile;

however, after the second bout the alterations in all parameters

were diminished. Regarding the stair ascending mode, it was

found to have only marginal effects on muscle function and health

parameters after both exercise bouts.

Muscle Function and Performance
The first bout of stair descending exercise caused greater muscle

malfunction than stair ascending exercise as can be inferred from

the indirect indices of muscle damage (i.e., ROM, DOMS and

CK). On the other hand, both types of stair exercise caused similar

reductions in muscle performance immediately after the first bout,

whereas, muscle torque was recovered faster in the ascending

group. The negative effects of the first bout in muscle function and

performance were subsided after the second bout, especially in the

stair descending group, due to the repeated bout effect [1,2,3].

Insulin Sensitivity
The main role of insulin is to lower blood glucose levels by

facilitating glucose uptake mainly into skeletal muscle, liver and fat

tissue. In the present investigation, the elevation of glucose, insulin

and HOMA in blood after the first bout of the stair descending

exercise indicates the presence of insulin resistance. High plasma

levels of insulin and glucose are two of the major manifestations of

metabolic syndrome [25]. It is irony that insulin resistance may

occur after unaccustomed exercise in sedentary people. Fortu-

nately, insulin resistance is a transient condition that follows

unaccustomed exercise due to its damaging effect on muscle fibres

[6,13,26]. Indeed, even after the second bout of stair descending

exercise, insulin resistance was found to be much lower compared

to the first bout, probably because the magnitude of muscle

damage was equally lower due to the repeated bout effect [4,6,27].

The major limitation of the present investigation relies on the fact

that the exercise was performed only twice. A chronic exercise

protocol of stair ascending and stair descending exercise could

have provided more evidence regarding the effects of this kind of

exercise on insulin sensitivity. In fact, in a recent investigation from

our group, decreased resting levels of insulin, glucose and HOMA

have been reported after chronic muscle-damaging exercise [6].

Blood Lipid Profile
Hyperlipidemia is defined as the presence of abnormal levels of

lipids and/or lipoproteins in the blood [28]. Favourable changes in

the concentration of blood lipids have been observed after a single

aerobic exercise session [29,30,31,32] as well as after unaccus-

tomed resistance exercise [3,33,34]. The only significant effect on

blood lipid profile appeared in TG (decreased levels) after the first

bout of stair descending exercise. However, after stair descending

exercise a trend for positive effects on blood lipid profile appeared

only after the first bout of exercise. On the other hand, stair

ascending exercise did not modify blood lipid profile after both

bouts of exercise. These findings agree with those of previous

works from our group, where it has been found that pure eccentric

exercise induced much more beneficial effects on blood lipid

profile than pure concentric exercise [3,4,6]. A chronic exercise

intervention is imperative in order to compare the effects of stair

ascending and stair descending exercise on blood lipid profile,

considering that chronic aerobic exercise [29] as well as chronic

resistance eccentric exercise [6] can favourably influence the level

of circulating lipids.

Blood Redox Status
Oxidative stress is defined as an increase in the level of reactive

species and/or oxidant biomarkers [35]. Oxidative stress is

thought to be involved in the development of many diseases or

may exacerbate their symptoms like cancer [36], atherosclerosis

and heart failure [37] as well as chronic fatigue syndrome [38]. On

the other hand, free radicals are used by the immune system as a

way to kill pathogens [39] and short-term episodes of oxidative

stress may be important in delaying some aspects of aging [40].

Regarding exercise induced oxidative stress, there is increasing

evidence to support the hypothesis that free radicals play an

essential role in regulating, among others, hypertrophy [41],

muscle force [42], muscle fatigue [43], muscle damage and repair

[3], glucose uptake [44] as well as adaptations to chronic exercise

[45]. In the present investigation, some significant alterations in

oxidative stress appeared only after the first bout of stair

descending exercise. Stair ascending exercise did not cause

significant changes in redox homeostasis. However, it is clear that

adaptations took place in skeletal muscle judging by the lower

alterations in oxidative stress biomarkers after the second exercise

bout compared to the first one. Stair descending exercise on the

escalator induced qualitatively similar but quantitatively lower

alterations in redox homeostasis compared to unaccustomed

exercise on the isokinetic dynamometer [15,46].

Conclusion
Several research groups have investigated the effects of stair

ascending exercise on rehabilitation from injuries and health

[47,48,49,50,51]. To our knowledge, stair descending exercise has

been used as a tool to assess muscle function and performance and

not as a mode of exercise [52,53,54,55,56]. The results of the

present investigation indicate that stair descending exercise seems

as a promising mode of exercise that can provoke positive effects

on blood lipid profile and antioxidant status. However, more

research is needed in order to evaluate the possible health

promoting effects of stair descending exercise after a chronic

experimental intervention. Finally, the effects of SmartEscala-

torTM on human health should be compared with other traditional

types of exercises (such as running on a treadmill, cycling or

rowing on an ergometer).

Author Contributions

Conceived and designed the experiments: VP GP MGN AK. Performed

the experiments: AAT GVG. Analyzed the data: MGN GVG DAP.

Contributed reagents/materials/analysis tools: AK GP ISV AAT. Wrote

the paper: VP MGN ISV.

Stair Descending Exercise and Health

PLOS ONE | www.plosone.org 9 February 2013 | Volume 8 | Issue 2 | e56218



References

1. Paschalis V, Nikolaidis MG, Giakas G, Jamurtas AZ, Owolabi EO, et al. (2008)

Position sense and reaction angle after eccentric exercise: the repeated bout
effect. Eur J Appl Physiol 103: 9–18.

2. McHugh MP, Connolly DA, Eston RG, Gleim GW (1999) Exercise-induced
muscle damage and potential mechanisms for the repeated bout effect. Sports

Med 27: 157–170.

3. Nikolaidis MG, Paschalis V, Giakas G, Fatouros IG, Sakellariou GK, et al.
(2008) Favorable and prolonged changes in blood lipid profile after muscle-

damaging exercise. Med Sci Sports Exerc 40: 1483–1489.
4. Panayiotou G, Paschalis V, Nikolaidis MG, Theodorou AA, Deli CK, et al.

(2012) No adverse effects of statins on muscle function and health-related

parameters in the elderly: An exercise study. Scand J Med Sci Sports [Epub
ahead of print] doi: 10.1111/j.1600–0838.2011.01437.x.

5. Paschalis V, Nikolaidis MG, Giakas G, Theodorou AA, Sakellariou GK, et al.
(2010) Beneficial changes in energy expenditure and lipid profile after eccentric

exercise in overweight and lean women. Scand J Med Sci Sports 20: e103–111.
6. Paschalis V, Nikolaidis MG, Theodorou AA, Panayiotou G, Fatouros IG, et al.

(2011) A weekly bout of eccentric exercise is sufficient to induce health-

promoting effects. Med Sci Sports Exerc 43: 64–73.
7. Theodorou AA, Nikolaidis MG, Paschalis V, Koutsias S, Panayiotou G, et al.

(2011) No effect of antioxidant supplementation on muscle performance and
blood redox status adaptations to eccentric training. Am J Clin Nutr 93: 1373–

1383.

8. Jansson E, Kaijser L (1987) Substrate utilization and enzymes in skeletal muscle
of extremely endurance-trained men. J Appl Physiol 62: 999–1005.

9. Oscai LB, Essig DA, Palmer WK (1990) Lipase regulation of muscle triglyceride
hydrolysis. J Appl Physiol 69: 1571–1577.

10. Ren JM, Henriksson J, Katz A, Sahlin K (1988) NADH content in type I and
type II human muscle fibres after dynamic exercise. Biochem J 251: 183–187.

11. Dolezal BA, Potteiger JA, Jacobsen DJ, Benedict SH (2000) Muscle damage and

resting metabolic rate after acute resistance exercise with an eccentric overload.
Med Sci Sports Exerc 32: 1202–1207.

12. Kirwan JP, del Aguila LF (2003) Insulin signalling, exercise and cellular
integrity. Biochem Soc Trans 31: 1281–1285.

13. Tee JC, Bosch AN, Lambert MI (2007) Metabolic consequences of exercise-

induced muscle damage. Sports Med 37: 827–836.
14. Nikolaidis MG, Kyparos A, Dipla K, Zafeiridis A, Sambanis M, et al. (2012)

Exercise as a model to study redox homeostasis in blood: the effect of protocol
and sampling point. Biomarkers 17: 28–35.

15. Nikolaidis MG, Paschalis V, Giakas G, Fatouros IG, Koutedakis Y, et al. (2007)
Decreased blood oxidative stress after repeated muscle-damaging exercise. Med

Sci Sports Exerc 39: 1080–1089.

16. Aoi W, Naito Y, Takanami Y, Kawai Y, Sakuma K, et al. (2004) Oxidative stress
and delayed-onset muscle damage after exercise. Free Radic Biol Med 37: 480–

487.
17. Close GL, Ashton T, McArdle A, Maclaren DP (2005) The emerging role of free

radicals in delayed onset muscle soreness and contraction-induced muscle injury.

Comp Biochem Physiol A Mol Integr Physiol 142: 257–266.
18. Tidball JG (2005) Inflammatory processes in muscle injury and repair.

Am J Physiol Regul Integr Comp Physiol 288: R345–353.
19. Friedewald WT, Levy RI, Fredrickson DS (1972) Estimation of the

concentration of low-density lipoprotein cholesterol in plasma, without use of
the preparative ultracentrifuge. Clin Chem 18: 499–502.

20. Theodorou AA, Nikolaidis MG, Paschalis V, Sakellariou GK, Fatouros IG, et al.

(2010) Comparison between glucose-6-phosphate dehydrogenase-deficient and
normal individuals after eccentric exercise. Med Sci Sports Exerc 42: 1113–

1121.
21. Hayes WC, Myers ER, Robinovitch SN, Van Den Kroonenberg A, Courtney

AC, et al. (1996) Etiology and prevention of age-related hip fractures. Bone 18:

77S–86S.
22. Kim BJ (2009) Prevention of falls during stairway descent in older adults. Appl

Ergon 40: 348–352.
23. Department of Health and Human Services USA (2008) Physical activity

guidelines for Americans. Washington: Office of Disease Prevention and Health

Promotion.
24. Department of Health and Human Services USA (2008) Physical activity

guidelines advisory committee report. Washington: Office of Disease Prevention
and Health Promotion.

25. Keller KB, Lemberg L (2003) Obesity and the metabolic syndrome. Am J Crit
Care 12: 167–170.

26. Drexel H, Saely CH, Langer P, Loruenser G, Marte T, et al. (2008) Metabolic

and anti-inflammatory benefits of eccentric endurance exercise - a pilot study.
Eur J Clin Invest 38: 218–226.

27. Zeppetzauer M, Drexel H, Vonbank A, Rein P, Aczel S, et al. (2012) Eccentric

endurance exercise economically improves metabolic and inflammatory risk

factors. Eur J Prev Cardiol.

28. Durrington P (2003) Dyslipidaemia. Lancet 362: 717–731.

29. Durstine J, Haskell W (1994) Effects of exercise training on plasma lipids and

lipoproteins; Holloszy J, editor. Philadelphia: Williams and Wilkins.

30. Herzberg GR (2004) Aerobic exercise, lipoproteins, and cardiovascular disease:

benefits and possible risks. Can J Appl Physiol 29: 800–807.

31. Kokkinos PF, Fernhall B (1999) Physical activity and high density lipoprotein

cholesterol levels: what is the relationship? Sports Med 28: 307–314.

32. Thompson PD, Crouse SF, Goodpaster B, Kelley D, Moyna N, et al. (2001) The

acute versus the chronic response to exercise. Med Sci Sports Exerc 33: S438–
445; discussion S452–433.

33. Shahbazpour N, Carroll TJ, Riek S, Carson RG (2004) Early alterations in
serum creatine kinase and total cholesterol following high intensity eccentric

muscle actions. J Sports Med Phys Fitness 44: 193–199.

34. Smith LL, Fulmer MG, Holbert D, McCammon MR, Houmard JA, et al. (1994)

The impact of a repeated bout of eccentric exercise on muscular strength,
muscle soreness and creatine kinase. Br J Sports Med 28: 267–271.

35. Nikolaidis MG, Kyparos A, Spanou C, Paschalis V, Theodorou AA, et al. (2012)
Redox biology of exercise: an integrative and comparative consideration of some

overlooked issues. J Exp Biol 215: 1615–1625.

36. Halliwell B (2007) Oxidative stress and cancer: have we moved forward?

Biochem J 401: 1–11.

37. Singh N, Dhalla AK, Seneviratne C, Singal PK (1995) Oxidative stress and heart

failure. Mol Cell Biochem 147: 77–81.

38. Kennedy G, Spence VA, McLaren M, Hill A, Underwood C, et al. (2005)

Oxidative stress levels are raised in chronic fatigue syndrome and are associated
with clinical symptoms. Free Radic Biol Med 39: 584–589.

39. Segal AW (2005) How neutrophils kill microbes. Annu Rev Immunol 9: 197–
223.

40. Gems D, Partridge L (2008) Stress-response hormesis and aging: ‘‘that which

does not kill us makes us stronger’’. Cell Metab 7: 200–203.

41. Powers SK, Talbert EE, Adhihetty PJ (2011) Reactive oxygen and nitrogen

species as intracellular signals in skeletal muscle. J Physiol 589: 2129–2138.

42. Westerblad H, Allen DG (2011) Emerging roles of ROS/RNS in muscle

function and fatigue. Antioxid Redox Signal 15: 2487–2499.

43. Reid MB (2008) Free radicals and muscle fatigue: Of ROS, canaries, and the

IOC. Free Radic Biol Med 44: 169–179.

44. Merry TL, McConell GK (2011) Do reactive oxygen species regulate skeletal

muscle glucose uptake during contraction? Exerc Sport Sci Rev 40: 102–105.

45. Jackson MJ (2009) Redox regulation of adaptive responses in skeletal muscle to

contractile activity. Free Radic Biol Med 47: 1267–1275.

46. Paschalis V, Nikolaidis MG, Fatouros IG, Giakas G, Koutedakis Y, et al. (2007)

Uniform and prolonged changes in blood oxidative stress after muscle-damaging
exercise. In Vivo 21: 877–883.

47. Fleming BC, Beynnon BD, Renstrom PA, Johnson RJ, Nichols CE, et al. (1999)
The strain behavior of the anterior cruciate ligament during stair climbing: an

in vivo study. Arthroscopy 15: 185–191.

48. Jones PP, Skinner JS, Smith LK, John FM, Bryant CX (1996) Functional

improvements following StairMaster vs. treadmill exercise training for patients
with intermittent claudication. J Cardiopulm Rehabil 16: 47–55.

49. Looney MA, Rimmer JH (2003) Aerobic exercise equipment preferences among
older adults: a preliminary investigation. J Appl Meas 4: 43–58.

50. Marin R, Chang A, Cyhan T, Dinauer P (2008) Rehabilitation implications of
stepper exercise technique on exertion and hip extensor muscle activation–a

small exploratory study. J Rehabil Res Dev 45: 125–134.

51. Roy JL, Smith JF, Bishop PA, Hallinan C, Wang M, et al. (2004) Prediction of

maximal VO2 from a submaximal StairMaster test in young women. J Strength
Cond Res 18: 92–96.

52. Bizzini M, Gorelick M (2007) Development of a German version of the knee
outcome survey for daily activities. Arch Orthop Trauma Surg 127: 781–789.

53. Hamel KA, Cavanagh PR (2004) Stair performance in people aged 75 and

older. J Am Geriatr Soc 52: 563–567.

54. Lin SY, Davey RC, Cochrane T (2004) Community rehabilitation for older

adults with osteoarthritis of the lower limb: a controlled clinical trial. Clin

Rehabil 18: 92–101.

55. Shah S, O’Byrne M, Wilson M, Wilson T (2011) Research of a Holiday kind:

elevators or stairs? CMAJ 183: E1353–1355.

56. Teixeira-Salmela LF, Santiago L, Lima RC, Lana DM, Camargos FF, et al.
(2005) Functional performance and quality of life related to training and

detraining of community-dwelling elderly. Disabil Rehabil 27: 1007–1012.

Stair Descending Exercise and Health

PLOS ONE | www.plosone.org 10 February 2013 | Volume 8 | Issue 2 | e56218


