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Abstract: The aim of present study was to determine ambulatory activity, body composition and energy
consumption in  college students and to investigate the relationship between these components. A total of
914 Turkish college female (n = 441, age 21.1 ± 1.6 years, height 167.8 ± 6.4 cm, weight 58.2 ± 8.8 kg) and male
students (n = 473, age 22 ± 1.9 years, height 176.7 ± 5.9 cm, weight 70.9 ± 9.3 kg) participated in the present
study. Pedometer determined number of daily step method was used to assessment physical activity of
subjects. Body composition was analyzed by bioelectrical impedance method. Mean±sd of number of daily
steps,  energy  intake, percentage body fat, in female and male students were found 7981 ± 3048 steps•day 1

and 8509 ± 3139 steps•day  (p > 0.05), 1548 ± 661 kcal•day  and 1559±715 kcal•day (p > 0.05), 19.2 ± 6.6 %1 1 1

and 10.5 ± 5.7 %, respectively. Number of daily step was not significantly correlated with BMI, fat % and energy
consumption (r = .080, r = -.072, r = .024, respectively, p > 0.01). Number of daily step was inversely correlated
with  right  leg  and  left  leg  fat  percentage  (r = -110  and  r = - .104, respectively, p < 0.05). In conclusion, it
was  suggested  that  both  female  and  male  college  students increase physical activity and energy intake.
We  recommend  that  college  students  increase  their  physical activity in order to maintain a healthy and
high-quality life.
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INTRODUCTION minutes of moderate PA at least 3 days per week. In

Many studies conducted today stress the numerous took part in a PA survey; the results showed that about
benefits of physical activity (PA) on health. The 20% of the participants were inactive, while 16% of the
preventive role of PA on cardiovascular diseases, obesity, participants observed low PA [5].
hypertension, diabetes, osteoporosis, mental diseases PA is defined as any bodily movement produced by
and certain types of cancer is widely accepted. PA is also skeletal muscles that result in increased energy
recommended as an intervention to treat various diseases. expenditure [6]. In physical education and sports science,
In other words, frequency of PA is closely related to the there are several methods for assessing PA. These
likelihood of developing the diseases mentioned above, methods are classified into three groups. The first of these
as  well as the chances of death by these diseases. methods is subjective measurements. PA records (diaries
Several studies have been cited for the positive effects of and logs), recall questionnaires, quantitative history
PA [1-4]. questionnaires and global self-report questionnaires are

Despite this evidence, many people continue a included in this group. The second of these methods is
sedentary lifestyle. Physical inactivity is a major problem objective measurements. Accelerometers, pedometers,
all over the world, including in Turkey. Increased heart-rate monitors and direct observation are included in
frequency of diseases related to physical inactivity leads this group. The last group includes measurements based
to increased healthcare costs in our country. Physical on the physiological parameter. The doubly labelled water
inactivity also leads to an increase in the number of lost method, direct calorimeter and indirect calorimeter are in
workdays. According to research conducted by the this group [7-9]. Of the PA measurements mentioned
Turkish Ministry of Health, only 3.5% of individuals in above, there are advantages and disadvantages for each
Turkey regularly engage in PA, which is defined as 30 one. In recent years, the measurement of PA by

another study, 11.481 subjects from 5 different locations
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pedometer has increased. The main reasons are that the total body water and fat distribution within the whole
pedometer is easy to use, it has relatively inexpensive body and segmental lengths [28, 29]. Compared to the
reliability and its validity has been accepted in many dual-energy  x-ray  absorptiometry  (DXA)  method,
studies [10, 11]. To date, pedometers have been used single- or multi-frequency bioimpedance analysis (BIA)
successfully in research in the United States, the United units have provided good assessment of body
Kingdom, New Zealand, Canada, Switzerland, Australia, composition [30].
Brazil, Turkey and many other countries. The use of Energy intake and diet are important factors in
pedometer studies enabled the determination of physical decreasing obesity and other chronic diseases mentioned
activities over a period ranging from 1 to 7 days. above. For this reason, studies regarding PA, body
Pedometers determine not only the number of daily steps composition and diet need to be analysed together. PA
but also walking distance, amount of PA time and energy decreases during adolescence and this decrease
expenditure [12-14]. Walking is the most common PA continues into adulthood. Physical inactivity is common
performed by human. Of all the types of PA, walking among college students and weight gain is a major
stands out as the most popular form of leisurely exercise problem for humans. In particular, PA significantly
[15], can be easily performed at moderate intensity [16] decreases when the young enter college [31]. There are
and is also a functional part of the activities of daily living reports that up to 50% of college students are not
[17]. For this reason, assessment of ambulatory activities physically active at the recommended levels [32]. Physical
can give important clues about overall PA. Walking is the inactivity and exercise habits formed during the college
principal component of non-exercise activity years continue throughout one’s life. Sparling and Snow
thermogenesis (NEAT), which is the energy expenditure [33] have reported that PA habits during college years
associated with free-living daily activities [18]. In addition, were one of the strongest predictors of exercise and PA in
non-exercise activity thermogenesis (NEAT) are important the years following graduation.
factors in fat gain and obesity. NEAT includes the energy Therefore, the aim of the current study was to
expenditure of daily activities, such as sitting, standing, determine ambulatory activity, body composition and
walking, talking and fidgeting. NEAT varies by 2000 energy consumption in college students and to
kcal/day [19]. Therefore, to assess the daily physical investigate the relationship between these components.
activities of populations that do not exercise regularly,
use of a pedometer is the preferred method. MATERIALS AND METHODS

Several studies have investigated the relationship
between PA and body composition. A majority of these Participants: This study was supported by the Research
studies stressed that there was a negative relationship Fund of the Uludag University (Project No: 2009/48). This
between PA and body fat percentage [20, 23]. Cross- study was conducted during the 2009-2010 and 2010-2011
sectional relationships between pedometer-determined academic years in Uludag University, Bursa, Turkey. A
ambulatory activity and body composition variables have total of 914 Turkish college female (n = 441, age 21.1 ± 1.6
typically demonstrated a modest, inverse relationship years, height 167.8 ± 6.4 cm, weight 58.2 ± 8.8 kg) and male
between the number of daily steps and body composition (n = 473, age 22 ± 1.9 years, height 176.7 ± 5.9 cm, weight
variables [24-26]. To our knowledge, there has not been a 70.9 ± 9.3 kg) students participated in the present study.
study to investigate the relationship between ambulatory
activities and the fat percentage of legs to date. Measures: Height was measured without shoes using the
Bioimpedance is accepted as a valid and reliable method Soehnle Professional height rod (Order Number
for determining body composition [27]. Bioelectric 5003.01.001, Soehnle Professional GmbH  Co. KG). Its
impedance assessments have become increasingly features are not only characterised by its simple stylish
popular for estimating body composition because they are design, but it also comes with an integrated automatic
easy to use, noninvasive, inexpensive and able to be electronic spirit level. This level allows for free
performed across a wide range of subjects with regard to measurement in space and ensures extremely high
age and body shape. Technological advances over the measurement precision and speed at all times. Another
past decade have provided software that can present advantage of the height rod is its unique folding function.
detailed information not only regarding fat mass and When folded, the rod requires little space and is easy to
percentage but also regarding estimates of lean mass, stow away.
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Body composition was analysed by the bioelectrical Body composition was analysed by the bioelectrical
impedance method (Tanita BC-418MA Segmental Body impedance method (Tanita BC-418MA, Tanita Europe B.V.
Composition Monitor). This device analyses total body Hoogoorddreef 56E1101 BE Amsterdam, Holland). The
weight, body mass index (BMI), basal metabolic rate subjects recorded a weekly food intake. Mean energy
(BMR) ( kJ), body fat (%), fat mass (kg), free fat mass (kg) consumption was determined by a nutrition and diet
and total body water (kg). This device analyses the body software package (BEBIS 6, Pasifik Company, Istanbul,
both as different regions, such as left leg, right leg, left Turkey).
arm, right arm and trunk (5 different regions) and as a
total. Also, this device calculates BMI using height and Analysis: Statistical analysis was performed using the
weight. Bioelectrical impedance is an acceptable adjunct SPSS package for Windows, version 17.0 (SPSS, Inc,
to anthropometry for assessing body composition in field Chicago, IL). The statistical significance of variables
studies. Classifications of underweight (<18.0 kg/m ), between the two groups was evaluated by an2

normal weight (18.0 to 24.9 kg/m ) and overweight (25.0 to Independent Samples t-test (female steps vs. male steps;2

29.9 kg/m ) were made according to the World Health weekday steps vs. weekend steps). The statistical2

Organization (WHO) guidelines [34]. There are various significance of differences in the daily number of steps
methods to assess PA. In this study, the pedometer between BMI groups was analysed by a one-way
method was used to determine daily steps and to assess ANOVA test. The relationship among variables was
the PA of the subjects. The number of daily steps was evaluated by Pearson’s correlation coefficient test. A p
measured for one week by the YAMAX PW 610 value < 0.05 was considered to indicate statistical
pedometer. This pedometer appears to be suitable for significance.
most research purposes. Given the differences in
pedometers, it is necessary to have consistency across RESULTS
studies for the measurement of “steps per day.” With this
pedometer, the walking of the subjects was monitored by The descriptive and body composition characteristics
a 3 directions accelerometer (3D) sensor and stored in the of the subjects were presented in Tables 1 and 2,
memory. Subjects placed the pedometer in a front pocket respectively.  Age  was  similar in female and male
such that the product was not damaged. Subjects were subjects (t = 1.678, p > 0.05). Males were taller (t = 15.648;
instructed to wear the pedometer and to record the total P < 0.0001) and heavier (t = 15.362; P < 0.0001) and had a
number of steps taken daily in a PA log every night. higher BMI  (t = 8.125; P < 0.0001) and BMR (t = 18.725;
Because the pedometer could break down or go missing P < 0.0001).  There   were  higher   total   fat  percentage
in a swimming pool, the subjects did not swim during the (t = 15.136; P < 0.0001), fat mass (t = 8.066; P < 0.0001),
test day. All participants were strongly encouraged not to right leg fat percentage (t = 24.726; P < 0.0001) and left leg
make any changes in their typical daily work and leisure fat percentage (t = 26.088; P < 0.0001) in female subjects.
activities [12]. Thirty students in the Physical Education In  contrast,  there  were higher free fat mass (t = 25.743;
and Sport Department in Uludag University, Bursa, were P < 0.0001)  and total body water (t = 21.749; P < 0.0001)
trained to collect the data. A total of fifty pedometers were in male subjects. The correlations between daily number
used in order to determine the daily number of steps. of steps and BMI, total fat percentage, right leg fat

Procedures: The study assessed the PA of healthy were presented in Table 3. Daily number of steps was
Turkish college students who did not have locomotor found to be negatively correlated with total fat percentage
discomfort or illness during daily walking activity. (r = .072;  P > 0.05),  right  leg  fat  percentage  (r = -.110;
Pedometers determined the number of daily steps used to P < 0.01) and left leg fat percentage (r = -.104; P < 0.01). In
assessed the PA of the subjects. Participants were contrast, a positive correlation was noted between daily
informed of the intentions of the study and completed number of steps and BMI (r = .079; P > 0.05) and energy
questionnaires for health screening. Their written intake (r = .024; P > 0.05).
informed consent for participation was obtained in There was no significant difference between female
accordance with the Helsinki Declaration [53]. The number (7.981 ± 3.048 steps•day ) and male (8509 ± 3139
of daily steps taken in a week was measured by the Yamax steps•day )  subjects’ mean daily number of steps
PW 610 pedometer (Yamasa Tokei Keiki Co., Ltd., Japan). (Figure   1).  There  was  no  significant  difference   in  the

percentage,  left  leg fat percentage and energy intake

1

1
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Table 1: Descriptive characteristics (mean ± sd) of female (n = 441) and male (n = 473) subjects.

Age (year) Height (cm) Weight (kg) BMI (kg•m ) BMR (kcal•day )-2 1

Female 21.1±1.6 167.8±6.45 58.2±8.8 20.6±2.9 1445±317a a a a

Male 22.0±1.9 176.7±5.9 70.9±9.3 22.7±2.6 1859±328

P < 0.0001a

Abbreviations: BMI, body mass index; BMR, basal metabolic rate

Table 2:Body composition characteristics (mean ± sd) of female (n = 441) and male (n = 473) subjects.

TF (%) FM (kg) FFM (kg) TBW (kg) RLF (%) LLF (%)

Female 19.2±6.6 11.4±5.1 46.9±6.6 34.4±5.3 25.3±6.9 25.6±6.8a a a a a a

Male 10.5±5.7 7.7±4.9 63.2±7.1 46.1±6.3 10.7±5.8 11.5±4.7

P < 0.0001 a

Abbreviations: TF, Total fat %; FM, Fat mass; FFM, Free fat mass; TBW, Total body water, RLF, right leg fat %; LLF, Left leg fat %; EI, Energy intake

Table 3: Correlations between daily step number and BMI, TF, RLF, LLF and EI

BMI TF RLF LLF EI

Daily step number (steps•day ) .079 -.072 -.110 -.104 .0241 a a

P < 0.01a

Abbreviations: TF, Total fat %; RLF, right leg fat %; LLF, Left leg fat %; EI, Energy intake 

Fig. 1: Step/day by Gender Fig. 4: Energy intake of Subject by Gender

Fig. 2: Step/day by BMI groups Figure 4 shows the comparison of female (1.548 ± 661

Fig. 3: Comparison of weekdays and weekend step energy intake in Turkish college students without exercise

mean  daily  number  of  steps   of   the   BMI  groups
(UW, 7.920 ± 2.689 steps•day ; NW, 8.322 ± 3.0691

steps•day ; OW, 8.400 ± 3.387; F = .539) (Figure 2).1

Figure 3 shows the comparison of weekday and weekend
steps. There was a significant difference between
weekday steps (8.456 ± 3.473 steps•day ) and weekend1

steps (7.985 ± 3.454 steps•day ) (t = 2.819; p < 0.005).1

kcal•day ) and male (1.559 ± 715 kcal•day ) daily energy1 1

intake. There was no significant difference between the
two groups (t = 0.169; p > 0.05).

DISCUSSION

This report is the first study that investigated
pedometer-determined activity patterns and relationships
between walking activity, BMI, body composition and
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habits. The aim of the current study was to determine previous studies conducted among college students
ambulatory activity, body composition and energy regarding PA step patterns. Our study found that the
consumption in college students and to investigate the ambulatory activity of our subjects was less than the
relationship between these components. ambulatory activity of the subjects in previous studies.

In this study, there was no significant difference However, the findings of our study support the finding
between female (7.981 ± 3.048 steps•day ) and male that the ambulatory activity of males is greater than the1

(8.509 ± 3.139 steps•day ) subjects’ mean daily number ambulatory activity of females.1

of steps. However, the daily number of steps of male Comparisons across the studies for weekdays versus
students was higher than that of female students. Since weekends are somewhat difficult because the subject
being introduced in the 1960s in Japan, the notion of samples and measurement tools differ, as does the
walking 10,000 steps•day  has been gaining popularity expression of the activity data. In this study we compared1

in the media and in practice. According to Hatano [35], the weekday and weekend step counts of college
10.000 steps•day  is approximately equal to an energy students. After comparing weekday steps (8.456 ± 3.4731

expenditure of 300-400 kcal/day (depending on walking steps•day ) and weekend steps (7.985 ± 3.454
speed and body size). This energy expenditure is twice steps•day ),  we  determined   a   significant  difference
the amount (150 kcal/day) that the U.S. Surgeon General (t = 2.819; p < 0.005). These findings are similar to the
recommends for health benefits [36]. Widely accepted, findings of a study by Sisson, McClain and Tudor-Locke
evidence-based  adult  public health guidelines promote [42]. They found weekday and weekend step counts of

 30 minutes of at least moderate-intensity daily PA [37]. Tempe college students to be 11.294 ± 3.697 steps•day
Consistent evidence supports that 30 minutes of at least and 8.641 ± 3.847 steps•day , respectively. The findings
moderate-intensity walking is equivalent to 3,000 to 4,000 of  our  study  are  similar  to previous studies with
steps for adults [38]. Tudor-Locke and Bassett [39] respect to weekday and weekend ambulatory PA patterns
established preliminary pedometer-determined categories [16, 43, 44].
of PA for healthy adults: 1) < 5.000 steps•day Our findings  indicate  that there was not a1

(sedentary); 2) 5.000 to 7.499 steps•day  (low active); 3) significant  difference in mean daily number of steps1

7.500 to 9.999 steps•day  (somewhat active); 4) = 10.000 based on BMI groups (UW, 7.920 ± 2.689 steps•day ;1

to 12.499 steps•day  (active); and 5) = 12.500 steps•day NW,  8.322 ± 3.069  steps•day ; and OW, 8.400 ± 3.387;1 1

(highly active). These categories were reinforced in 2008 F = .539).  Previous  studies  provided  some  evidence
[40] and in 2009, the original sedentary level was further that  the  ambulatory activity of overweight subjects
divided into two additional levels: < 2.500 steps•day (7.035 ± 2.984 steps•day ) was less than that of normal1

(basal activity) and 2.500 to 4.999 steps•day  (limited subjects (8.325 ± 3.060 steps•day ) [26]. Strath, Swartz1

activity) [15]. According to this classification, subjects of and Cashin [45] found that individuals in the overweight
this study were somewhat active. Behrens and Dinger [16] category (BMI 25.0-29.9 kg/m ) took 1.875 fewer
reported that college students averaged 11.473 ± 2.978 steps/day  than individuals in the normal weight
steps•day . Further, there were no significant differences category (BMI 20.0-24.9 kg/m ).1

in the daily step patterns of males and females, The clear relationship between pedometer-determined
suggesting that total ambulatory PA does not differ PA, steps per day and obesity indices observed in
between the genders, but the daily number of steps of previous studies is questionable [46]. Most studies
male students was higher than that of female students. In indicated that steps per day were inversely correlated with
another previous study, it was noted that there were no body fat percentage [54]. Rowlands, Eston and Ingledew
significant differences in PA during the seven-day period [47] reported that both the Yamax pedometer and the
by gender. However, the ambulatory activity of male Tritrac accelerometer activity outputs were negatively
students was higher than that of female students by correlated with body fat percentage. Tudor-Locke et al.
approximately 1.000 steps•day  (male, 10.351 ± 3.053 [26] found a similar relationship for steps per day versus1

steps•day ; female, 9.353 ± 2.031 steps•day ; p > 0.05) body fat percentage. Likewise, statistically significant1 1

[41]. Mestek, Plaisance and Grandjean [21] performed a negative correlations between self-reported PA and
study on 19-25 year old students and found that males percent  body  fat range from -0.13 to -0.51. [46, 47].
(10.027 ± 3.535 steps•day ) tended to be more physically Several studies reported that pedometer-determined1

active than females (8.610 ± 2.252 steps•day ). The ambulatory activity was negatively associated with1

results of our study show that the ambulatory activity of obesity [12, 50-52]. The correlations that we report are in
Turkish college students is not similar to the results of agreement with these values.
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Our study investigated the relationship between 2. Pereira,   M.A.,    A.R.    Folsom,    P.G.  McGovern,
ambulatory activity and fat percentage of legs. Our study
found a negative relationship between ambulatory activity
and right leg fat percentage (r = -.110; P < 0.01) and left
leg fat percentage (r = -.104; P < 0.01). To the best of our
knowledge, this study is the first to investigate the
relationship between these variables.

The  present  study  showed  results for energy
intake  and  its relationship with daily number of steps.
We found that there was similar energy intake between
female and male college students. Furthermore, there was
a positive relationship between energy intake and daily
number of steps. However, this relationship was not
significant.

There are several limitations of the present cross-
sectional study. The first limitation concerns the
estimation of body fat percentage using the bioimpedance
method,  rather  than  more precise measures, such as
dual-energy x-ray absorptiometry. Although the method
that we used has been highly validated, more precise
measures are always preferred. In addition, we measured
the PA of students in different seasons. Finally,
pedometers are not designed to capture pattern, intensity,
or type of PA. Pedometers do not capture intensity of
specific activities, including swimming, bicycling and
weight training. Nevertheless, recent studies show that
the Yamax pedometer is a reliable and valid tool for
measuring PA, especially of sedentary subjects. Overall,
we think that the limitations of our study did not
invalidate our results. The strengths of this study include
the large sample size, the random sampling of participants
for the evaluation and the longitudinal step count data.

In conclusion, we suggest that both female and male
college students increase PA and energy intake. We
recommend that college students increase their PA in
order to maintain a healthy and high-quality life.
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